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PREFACE

Land is one of the predominant natural resources on which agriculture thrives. The data 
on land statistics reveal that out of the total geographical area of the country (329 m ha), 

about 120.7 m ha area is under the severe grip of land degradation, of which 73.3 m ha is 
affected by water erosion, 25 m ha by soil acidity, 12.4 m ha by wind erosion and 6.73 m 
ha by salinity and alkalinity. Out of an estimated net cultivated area of about 142.2 m ha, 
about 73 m ha area is under rainfed agriculture. The rainfed regions of the Country produce 
about 44% of total food requirement and support about 40% and 75% human and livestock 
populations respectively. At present, 95% of the area is under coarse cereals, 91% pulses, 
80% oilseeds, 65% cotton and 53% rice under rainfed agriculture.

The first predominant cause of soil health degradation in rainfed regions undoubtedly is the 
water erosion. In rainfed regions, water erosion plays a major role in soil health degradation. 
It sweeps away the top soil along with soil organic matter and plant nutrients, and ultimately 
exposes the subsurface horizons. Further, the prevailing high temperature in these regions is the 
indirect cause of soil health degradation which accelerates the decomposition of organic matter 
and its loss. Moreover, the several other farming practices such as reckless tillage methods, 
harvest of every small component of biological produce and virtually no return of any plant 
residue back to the soil, burning of the existing residue in the field itself for the preparation 
of clean seed bed, open grazing etc. aggravate the process of soil degradation. Consequent to 
degradation of soil health, the productivity of crops, water use efficiency and water productivity 
have declined in rainfed areas, which is also a matter of great concern. At the same time, the 
anticipated climate change is expected to aggravate the soil health degradation processes and 
its associated functions which may in turn adversely influence soil productivity. 

Considering the above, three long term experiments with sorghum-greengram, sorghum-
cowpea and sorghum-castor were initiated with the focus to improve soil health and to 
enhance crop productivity amidst climate change. The experiments were primarily focused 
on conservation agriculture and integrated nutrient management with the hypothesis that soil 
and crop management practices such as use of minimum tillage, surface residue application 
and adequate amount of fertilizers, integrated nutrient management practices coupled with 
suitable cereal-legume/ oil seed cropping system may help in improving the dynamic soil 
properties regulating nutrient transformation, water storage and other water transmission 
characteristics and biological soil functions. It was further, hypothesized that finally, these 
outcomes may help in creating the resilience in soil towards likely ill effects occurring due to 
climatic change and may ultimately improve crop productivity with sustainability. 

The significant outcome of three long term experiments has been compiled in the form of 
a Technical Book entitled “Conservation Agriculture and Soil Health Management–Long-
term Experiences in Rainfed Agriculture”. As the valuable information presented in this 
book has emanated from the outputs from the experiments carried out under Institutional 
projects of ICAR-CRIDA, National Fellow Project and NICRA Project.
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1. Introduction
Alfisols are the most abundant soils in the semi-arid tropics and cover nearly 16% of the 
tropics and 33% of the semi-arid tropics (SAT). These soils occur mostly in southern Asia, 
western and central Africa, and many parts of the South America, particularly Northeastern 
Brazil (Cocheme and Franquin, 1967). In general, these soils are shallow, with a compacted 
subsurface layer that restricts root development and water percolation. The loamy sand 
texture of the topsoil and predominance of kaolinite among the clay minerals make them 
structurally inert (Charreau, 1977). Structural instability of these soils make them susceptible 
to crusting and hard setting when rain alternates with dry spells (Bansal et al., 1987). The 
soils are also low in organic carbon (C) content (5.0 g kg) and consequently poor in fertility 
(Kampen and Burford, 1980; El-Swaify et al., 1983). Consequently, these soils encounter 
numerous constraints in respect of physical, chemical, and biological quality (Lal 1998; 
Sharma et al., 2005) and result in low crop productivity. 

Depletion of organic matter in rainfed Alfisols is a serious issue, leading to deterioration of 
physical structure, declining moisture retention capacity and loss of fertility. It is established 
fact that needless and frequent deep ploughing disturbs the soil aggregation and promotes 
increased oxygen diffusion, resulting in organic matter loss (Bauer and Black, 1981). Marginal 
and no recycling of organic matter to soil is yet another discouraging future in dryland 
regions. Consequent to low organic matter content, these soils have been found deficient in 
many nutrients. Farmers of rainfed areas, being resource poor cannot afford to meet cost of 
the higher doses of fertilizers. Further, the escalating cost of fertilizers demand more attention 
towards use of organic sources of nutrients. 

1.1. Rainfed Agriculture Scenario
India ranks first among the rainfed countries in the world in terms of rainfed area, but ranks 
among the lowest with respect to yields of rainfed crops. In India, rainfed area covers 
220 districts in the states of Punjab, Haryana, Rajasthan, Uttar Pradesh, Madhya Pradesh, 
Chhattisgarh, Gujarat, Maharashtra, Andhra Pradesh, Telangana, Karnataka and Tamil Nadu. 
Physiographically, the rainfed region encompasses the desert terrain of Rajasthan in the 
northwest, the plateau region of central India, the alluvial plains of the Ganga-Yamuna river 
basin, the central highlands of Gujarat, Maharashtra, Madhya Pradesh and Chhattisgarh, 
the rain shadow region of Deccan in Maharashtra, Deccan plateau in Andhra Pradesh and 
the Tamil Nadu highlands (Indoria et al., 2017). The rainfed regions of India suffer from a 
number of biophysical and socio-economic constraints which affect productivity of crops 
and livestock. Major constraints in these areas are low and erratic rainfall, water scarcity, 
fragile environments, drought, land degradation due to soil erosion by wind and water, low 
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rain water use efficiency, poor productivity, low input use, poor technology adoption, low 
draft power availability, inadequate fodder availability, less productive livestock, inadequate 
credit availability and many more (Indoria et al., 2017). 

Rainfed agriculture, often referred to as dryland agriculture, is practiced in areas that are 
relatively warmer (arid, semi-arid) and dry sub humid regions of the country. These areas in 
India are highly diverse, ranging from resource rich areas with good agricultural potential to 
resource-constrained areas with much more restricted potential. These regions represent a 
wide variety of soil type, agro-climatic and rainfall conditions. The area under major rainfed 
crops such as coarse cereals is 95%, pulses 91%, oilseeds 80%, cotton 65% and rice 53% of 
total area under respective crop. Despite all odds, about 44% of food grains, 81% of oilseeds 
and 59% of cotton comes from rainfed areas (Indoria et al., 2017). 

Contrary to irrigated agriculture, the productivity of rainfed areas increased steadily but 
slowly. The productivity levels in the rainfed areas have remained low over the years (across 
the years). There has been a slow but steady improvement in the productivity of rainfed crops 
because of the introduction of modern agronomic practices; the most important one being 
increased fertilizer use. However, a number of biophysical and socio-economic constraints 
still limit the average productivity of rainfed crops to 0.7 to 0.8 t ha-1 compared to 2 t ha-1 as in 
irrigated areas. Controlled use of irrigation and integrated nutrient management significantly 
contributed to the increased agricultural production in irrigated areas. Consequently, despite 
having high yielding cultivars and other available technologies, we could not achieve the 
desired yield targets in different rainfed crops. 

1.2. Distribution of Alfisol Soil Order
Soils in the rainfed regions constitute diverse orders with extreme variability in origin, parent 
material, water retention and nutrient status. In addition to the parent material, climatic 
variables like rainfall, temperature and sun shine influence the type and key properties of 
soils in a given region. In India, in dryland/ rainfed regions, nearly 30 per cent of soils are 
covered by Alfisols and associated soils. Country’s total Alfisols soil order area is 42199 x103 
hectare. These soils occupy about 20% of the geographical area. The zone wise distribution 
of the Alfisol soils indicated that these soils occur mainly in southern zone (42%), Eastern 
zone (30%), central zone (19%), north zone (5%) and small part is present in western zone, 
northeast zone and island zone. About 94% of the Alfisols soils fall in the eight states of 
India, and remaining Alfisol soils are found in the other states of the country (Indoria et al., 
2017)  (Table 1). Globally, Alfisols are the most abundant soils in the semi-arid tropics and 
cover nearly 16% of the tropics and 33% of the semi-arid tropics (SAT). These soils occur 
mostly in southern Asia, western and central Africa, and many parts of the South America, 
particularly northeastern Brazil (Cocheme and Franquin, 1967). 



3

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

Table 1: Area under Alfisol soil orders in different states (in 000 ha)

Soil Order State-wise Area (States Possessing Area > 400x103 ha area)

Alfisol Andhra Pradesh (8347), Madhya Pradesh (7394), Bihar (5507), Karnataka (5454), 
Odisha (4949), Tamil Nadu (3973), West Bengal (2221), Uttar Pradesh (1793), 
Assam (762) and Maharashtra (559)

1.3. Fertilizer Scenario in Rainfed Crops
Farmers in rainfed SAT regions use small amounts of inorganic fertilizer because of extreme 
poverty and escalating costs of inorganic fertilizers. The fertilizer use in some of the rainfed 
crops is considerably low. Only 9% of the districts in India use more than 200 kg of N + P2O5 

+ K2O per hectare (Tiwari, 2006). On the other hand, only 32% districts used < 50 kg N + 
P2O5 + K2O per hectare. Most of the rainfed regions fall in this category. In India, the average 
fertilizer nutrient use is quite low (165.85 kg ha-1) in comparison with many other countries 
of the world and consequently the yields of some principal crops followed the similar trend 
(FAI, 2008). Hence, apart from many other reasons, low fertilizer use in India is definitely 
one of the important causes of low yields. Efforts need to be made to redefine fertilizer doses 
by synchronizing with the anticipated water availability. These facts essentially demand 
more attention of policy makers, planners and researchers towards rainfed agriculture. To 
meet these challenges and to provide good soil and nutrient management options using 
farm resources, it has become absolutely necessary to look for innovative alternative soil 
and nutrient management options that could (i) enhance the organic carbon in soil; (ii) build 
up soil fertility and improve overall soil health; (iii) reduce the dependence of the small 
and marginal farmers on costly fertilizer inputs; and (iv) sustain greater yields on a long-
term basis. Conservation agriculture techniques comprising of zero or reduced tillage, green 
manuring, recycling of crop residues, etc., have proved effective in irrigated and temperate 
regions (Unger, 1990). Such innovative options have not been extensively studied over a 
long-term period in rainfed SATs having severe climatic and edaphic constraints. Research 
on zero and reduced tillage has also not been much taken up in SAT regions mostly in 
developing countries because of (i) difficulty in weed control; (ii) less water infiltration in soil 
owing to compacted conditions and (iii) lack of availability of appropriate seeding devices 
suiting to reduced tillage conditions. The use of farm-based organics as low cost nutrient 
source has also not been explored much. 

1.4. Productivity Related Soil- Crop Constraints in Alfisols
1.4.1. Soil Nutrient Constraints

Alfisols of semi-arid tropical regions of the world have been degraded in terms of soil quality 
primarily due to loss of topsoil by wind and water erosion, depletion of organic carbon, and 
losses of nutrients. A comprehensive survey of N status of Indian soils (including Alfisols) 
revealed that 62.5 per cent of the districts are low and 32.6 per cent of the districts are of 
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medium fertility class (Ghosh and Hasan, 1980). Phosphorus is another important element 
whose deficiency is wide spread and constraints productivity of rainfed crops. Swindale 
(1982) reported that deficiency of P is widespread in Vertisols. The status of micronutrient 
deficiency of Indian soils in general and of soils in SAT region in particular has been reviewed 
by Katyal and Rattan (1990) and Katyal and Sharma (1991). Zinc deficiency has been most 
commonly reported. These reports are based on analytical data generated on benchmark 
soils. Crops such as groundnut and chickpea also exhibit iron deficiency chlorosis. Poor 
native fertility coupled with growing of crops with low or no fertilizer application leaves a net 
negative balance of nutrients in most soils of the semi-arid tropics. Based on a comprehensive 
exercise made by Katyal et al. (1997), a net negative balance of 5.49 m t of (N+P2O5+K2O) 
was observed in 150 SAT districts. One assessment (Katyal and Reddy, 1997) claims that 
the nutrient removal by all dryland crops is equal to 7.4 million tonnes of just NPK. Actual 
nutrient harvests would have been far larger, had this estimate included the removal of 
micro and secondary nutrients also. If the total NPK use with dryland crops, presumably 
around 1.4 million tonnes (10% of the total fertilizer use in India), is subtracted from the 
nutrient harvests, the nutrient removal-use imbalance stands at about a whopping figure of 
6.0 million tonnes of NPK. Nutrient deficit with rainfed agriculture alone thus represents 
almost 60% of the total nutrient shortfall of 9-10 million tonnes and this deficit is likely to 
widen further due to population driven rising demand for food. Similarly, low soil organic 
matter level in rainfed agro-ecosystem soils, particularly in those of arid, semi-arid and sub-
humid climates, is a major determinant factor for poor soil health and low crop productivity 
(Syers et al., 1996) (Table 2). 

Table 2: Soil organic carbon content in 0-15 cm soil layer at different locations of the 
rainfed cropping systems

Soil order and location of soil sample* Organic carbon content (g kg-1) 
soil in 0-15 cm soil layer

Alfisols/Oxisols (Phulbani, Odisha; Ranchi, Jharkhand; 
Ananthapur, Andhra Pradesh; Bangalore, Karnataka)

3.18

* Dominant crop production system at Phulbani and Ranchi is rice, at Ananthapur is groundnut and at Bangalore 
is Finger millet.

1.4.2. Soil Physical Constraints

Alfisol soils are agriculturally important and predominantly found in rainfed regions. Alfisols 
of the rainfed regions are generally characterized by light-texture (due to leaching of the clay 
in below horizons) and shallow depths. For rainfed Alfisol soils, clay content (most reactive 
part of the soil) in profile ranges between 30-40% but in surface horizons it varies 15 -20%. 
The soil texture of rainfed Alfisol soil showed that the fine clay percentage increased with 
increase in the soil depths (Indoria et al., 2017) (Table 3). 
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Table 3: Total clay and fine clay percentage of rainfed Alfisol soils (red soils) of Hyderabad 
in dry semi-arid rainfed region

Depths (cm) Total Clay* Fine clay** FC/TC

0-16 17.4 16.0 92.0

16-41 28.7 23.4 81.5

41-62 35.6 27.9 78.2

62-89 22.9 17.9 78.2

89-115 21.2 17.5 82.5

*Total clay (TC) is% of < 2 mm size particles and **Fine clay (FC) is > 0.0002 mm size particles.

As a result, the ratio of fine clay to total clay decreased with increase in the depths. High 
clay content below the root zone in Alfisol is not desirable for shallow depth root crops. 
In general, rainfed Alfisols are shallow, with a compacted subsurface layer that restricts 
root development and water percolation. Further, the loamy sand texture of the topsoil and 
predominance of kaolinite among the clay minerals make them structurally inert (Charreau, 
1977). Structural instability of these soils makes them susceptible to crusting and hard 
setting when rain alternates with dry spells (Bansal et al., 1987). In these soils, the packing 
of clay particles to form a more extensive interleaving domain produces a massive and hard 
structure with a minimum porosity. The growth of continuous matrix of iron oxide crystals 
within which other materials are enclosed also causes hardening in Alfisols. The red sandy 
loam soils “Chalkas” which cover a large area in Andhra Pradesh becomes very hard on 
drying with the result that the crop growth is adversely affected. In these soils, the optimum 
proportion of coarse and fine fractions in the surface layer along with less than one per cent 
organic matter provides conditions conducive for hardening of these soils. The red sandy 
loam soil (Alfisols) becomes soft, when wet but becomes very hard on drying due to presence 
of sesquioxides. Thus, the surface layer of these soils dries out very quickly owing to shallow 
depths and poor water-retention capacity and become very hard. Since the maximum root 
growth of most of the crops is confined to the surface layers, unless, this layer remains moist, 
the crop growth will suffer. The yields of gram, maize, castor, and sorghum grown on these 
soils are relatively low and especially in case of groundnut, the crop yield is reduced due to 
reduced size of pods caused by hardening of the soils. The subsoil hard pan in red soil is due 
to the illuviation of clay to the sub soil horizons coupled with cementing action of oxide of 
iron, aluminum and calcium carbonate, which increase the soil bulk density to more than 
1.8 Mg m-3. Further, the hard pan can also develop due to continuous cultivation of crops 
using heavy implements up to certain depths constantly. The higher bulk density, particularly 
in red Alfisols does not permit proper root development. Alfisol also contain distinct layers 
of gravel and weathered rock fragments at lower depths, often called ‘murram’. The rooting 
depth of crops is limited by presence of such layers or by compact argillic horizon (Indoria 
et al., 2017).
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Study conducted by Rao et al. (2012) in different soils of rainfed regions revealed that water 
retention at 0.33 bar and 15 bar of various soil types was positively correlated to clay content. 
In case of Alfisols, clay content is very less, varying from 15-20%, consequently, the water 
retention at 0.33 bar and 15 bar is also considerably low (Table 4). Resultantly, the plant 
available water content is also less in Alfisols. Consequently, plants suffer from the water 
stress even when there is small dry spell. This in turn results in huge loss in the yield of 
various rainfed crops. It is reported that available water content in Alfisols/Oxisols at Ranchi 
(Rice-based production system) ranged from 4 to 5%, while at Ananthapur (Groundnut-based 
production system) it was 9 to 12%. 

Table 4: Correlation coefficients between soil properties and water retention characteristics 
of rainfed Alfisols/Oxisols

Soil properties
Water retained at

1/3 bar 15 bar Available water
Sand -0.49** -0.89** 0.25ns

Silt 0.16ns 0.36ns -0.16ns

Clay 0.48** 0.82** -0.20ns

Earlier findings revealed that the red Alfisols of Hyderabad can rarely store more than 150 
mm m-1 water even after full saturation. This storage capacity of water is much lower when 
compared to the nearby related shallower soils of vertic inceptisols and Inceptisols that can 
hold as much as 250 mm m-1 available water. That’s why, the soil water storage capacity 
is particularly important in rainfed regions with uncertain rainfall distribution. Based on 
the changes in the estimates of week-to-week changes in available moisture in relation to 
potential evaporative demands, Krantz etal.1978 concluded that the growing season on a 
deep Vertisol at ICRISAT, Hyderabad center was 21 to 33 weeks, whereas it was only 14 to 
21 weeks on the nearby Alfisols (Indoria et al., 2017).

But in case of Alfisols, lack of contents of fine clay particles and low amount of organic matter 
within the soil matrix limit the water transmission characteristics. Alfisols in these areas are 
mostly structureless or massive and hence have low hydraulic conductivity. The reasons for 
higher bulk density in these areas are excessive tillage and improper tillage time (at excessive or 
deficit soil moisture condition). To some extent, heavy tillage implements are also responsible 
for increasing the bulk density in these soils. These high mechanical impedance layers are 
relatively impervious resulting in water stagnation on the soil surface after heavy rainfall or 
irrigation and the crops turn yellow due to oxygen stress (Indoria et al., 2017).

1.4.3. Soil Biological Constraints

Microorganisms are friends to the soil and are very much essential for soil ecosystem 
functions. They help in biochemical recycling of nutrients in soil by way of inter-conversion 
of different forms of nitrogen, sulphur and phosphorus, associated with the carbon cycle. 
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Soil is the dwelling place for huge populations of microorganisms but it (microbial biomass) 
constitutes only a small fraction of the soil organic matter (< 5%), and is dynamic in nature. 
The organic matter content is inherently low in these soils, which further decreases by the 
faulty management practices, and ultimately soil health gets deteriorated. Low organic 
matter content of soil and low availability of soil moisture lead to poor microbial growth in 
these soils. Whereas the role played by soil microorganism in transforming the native and 
externally applied nutrient is immense. Several authors have reported that the rainfed soils 
are poor in organic carbon (C) content (5.0 g kg-1) and consequently poor in soil fertility 
(Kampen and Burford, 1980; El-Swaify et al., 1983). This could be attributed to (i) loss of 
topsoil and associated fractions of organic matter and nutrients; (ii) poor return of the crop 
residues back to the soil; and (iii) temperature-mediated and tillage-influenced fast oxidation 
of organic matter entrapped in micro aggregates. Organic matter also plays a key role in 
the growth and proliferation of soil biota. Decomposition of organic matter in soil helps 
the soil microorganisms by providing them energy and carbon for the formation of new 
cells. Microorganisms are friends to the soil and are very much essential for soil ecosystem 
functions. They help in biochemical recycling of nutrients in soil by way of inter-conversion 
of different forms of nitrogen, sulphur and phosphorus, associated with the carbon cycle. 
Soil is the dwelling place for huge populations of microorganisms but it (microbial biomass) 
constitutes only a small fraction of the soil organic matter (< 5%), and is dynamic in nature. 

The activity of the different soil enzymes such as acid phosphates, alkaline phosphates, 
phytase, esterase, dehydrogenase, etc. is quite low in rainfed conditions as compared to the 
irrigated areas. Moreover, during the heavy rainfall, stagnation of the water for long period 
also causes a detrimental effect on the aerobic microbes in this type of soils. 

The poor soil structure (single grained structure) also does not favor the soil microbial growth 
in red Alfisols soil. The low clay content and poor water retention capacity of red Alfisol 
soil does not favour the microbial growth. Resultantly, the effect of applied fertilizers is 
not up to the mark in these soils because of the poor transformation of the nutrient by the 
microorganism (Indoria et al., 2017). Organic matter also plays a key role in the growth and 
proliferation of soil biota. Experiments conducted by Das and Dkhar, (2011) revealed that 
addition of organic fertilizers increased the fungal and bacterial population compared to NPK 
and control. Similarly, it also resulted in improvement in physicochemical properties of the 
rhizosphere soil compared to NPK and control plots. The foregoing information indicates 
that the use of organic fertilizers would be able to sustain the soil fertility on long term basis 
and would help in meeting the present and future demand for food and fodder.

1.5. Importance of Integrated Nutrient Management (INM) in Rainfed Agriculture
An integrated nutrient supply and management system blends the use of chemical fertilizers, 
organic manures, and bio fertilizers to satisfy the nutrient needs of all crops constituting a 
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cropping system. While doing that, it harnesses the native nutrient supplying capacity of soils 
fully through employment of more efficient plant types. 

Combined use of chemical fertilizers and organic manures, known as Integrated Nutrient 
Management (INM), has often been espoused to optimize plant nutrition. The prevailing 
perception on integrated nutrient management emphasizes nutrient supply aspects more 
than the management aspects. Integrated Plant Nutrient Supply System also means supply 
from various sources of nutrients such as native soil reserves, organic sources and other 
organic fertilizers.

Integrated Plant Nutrient System (IPNS) is a concept which aims at the “maintenance or 
adjustment of soil fertility and of plant nutrient supply to an optimum level for sustaining the 
desired crop productivity through optimization of the benefits from all possible sources of 
plant nutrients in an integrated manner. Integrated Nutrient Management (INM) is actually 
the technical and managerial component of achieving the objectives of IPNS under farm 
situation. Apart from nutrients, it includes all soil and crop management factors along with 
other inputs such as water and agro-chemicals.

Besides facilitating the above, IPNS harnesses fully the native nutrient supplying capacity 
of soils through employment of more efficient plant types. This aspect of integrated nutrient 
management and supply system is of particular interest and applicability to rainfed agriculture, 
where nutrient treatment languishes far behind the nutrient needs. Along with this, sound 
crop husbandry, nutrient saving management options and more efficient nutrient sources 
are unified to create a well-founded integrated nutrient supply and management system. 
Since the accent is on nutrient needs and management aspects of all the crops of a cropping 
system, due regard is to be given to the influence of a preceding crop on the nutrient needs 
of the following crop. In quantitative terms, chemical fertilizers are unable to keep pace 
with the nutrient needs of the vast majority of arable crops such as coarse cereals, pulses 
and oilseeds. Simultaneously, it is also true that there is no alternative except increasing the 
intensity of nutrient use (kg nutrients/ha) to minimize the constraints arising due to nutrient 
imbalance, and to sustain the crop production. Under such situation, nutrient use is possible 
to expand by relying on contributions through locally occurring nutrient containing (organic 
manures) and generating (biofertilizers) sources. However, organic manures, because of 
other competing uses, are not foreseen to be accepted as sole source of complete nutrients 
to be supplied. To meet these challenges and to provide good soil and nutrient management 
options using farm resources, it has become absolutely necessary to look for innovative 
alternative soil and nutrient management options that could enhance the organic carbon 
in soil; build up soil fertility and improve overall soil health; reduce the dependence of the 
small and marginal farmers on costly fertilizer inputs; and sustain greater yields on a long-
term basis.
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Over the years, the availability of the mostly used organic source (FYM) is going to decrease. 
Animal dung, the major organic source, is valued at 7.2 million tonnes of NPK. Almost 70% 
of it is mainly used as fuel. The remaining 30% dung is converted into Farmyard Manure 
(FYM) (Indoria et al., 2018). A critical review of FYM distribution among various crops shows 
that coarse cereals (specifically, rainfed sorghum and pearl millet occupying 21 million ha 
out of total coarse cereal area of 31.5 M ha) receive the last priority. As far as the value of 
FYM is concerned, the benefits from its application are clear and consistent. For example, 
when 10 tonnes FYM/ha application was combined with fertilizer, the dose of NPK could be 
reduced to one half (50-50-25 vs. 25-25-12.5) (Hegde et al., 1988). Although the next to FYM, 
crop residues are the other organic nutrient sources (Total NPK value ~ 6 million tonnes). In 
rainfed areas, where mixed farming dominates, hardly any crop residue is left for field use. 
Even non-palatable stalks of pigeon pea, cotton and castor are primarily used as fuel or roofing 
material. In experiments, where crop residues were used, benefits were clear when applied 
as surface mulch rather than their incorporation into the soil. Because of typically wide C: 
N ratio (70-90: 1), even joint application with moderate amounts of fertilizers (25 kg N/ha) 
was of no avail in short term experiments. A perusal of past findings suggests three strategies 
to enhance manurial value of crop residue viz., (i) their application, at least a month before 
seeding of the beneficiary crop, in that case mobilization follows immobilization (Sidhu and 
Beri, 1989), (ii) quick composting by a mix of several microorganisms or by employment of 
earthworms (vermicomposting) (Rupela, 1996) and (iii) large application of fertilizer - N or 
mixing of crop residue with narrow C: N ratio green manures (Katyal and Reddy, 1997).

A striking feature of integrated nutrient supply system involving organic matter was its 
buffering effect on yield fluctuations when compared with the sole dependence on chemical 
fertilizers. Incorporating sorghum stubbles at 5 t ha−1 to cover 69% soil surface resulted in a 
0.24 t ha−1 soil loss and 25 mm runoff compared to a 1.58 t ha−1 soil loss and 83 mm runoff 
when this treatment was not applied. Mulching also reduced soil temperature and resulted in 
25% greater moisture storage in the 0 to 30 cm soil profile. Frequent cultivation between crop 
rows creates dust mulch and breaks the soil crust which results in reduced capillary water 
movement and reduced evaporative losses (Indoria et al., 2016). Moreover, the crops and 
cropping systems of rainfed areas have been poorly nourished through external application 
of manures/fertilizers owing to failure as a result of unpredictable monsoon and also of poor 
risk-taking ability of the resource-poor farmers. This practice has across years resulted in 
multiple nutrient deficiencies. To overcome this problem, surface residues incorporation as a 
mulch provides some of the nutrients in succeeding crops. Not only this added crop residues 
improve the soil properties, but also enhance the availability of native soil nutrients to the 
crops. As it improves the soil organic carbon content, the soil physical properties improve 
as well. After decomposition, the crop residues liberates various substances which enhances 
the activity of different microorganisms, resulting in the increased availability of applied and 
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soil native nutrients. Hence, there is a need to develop some policies during the designing 
of the cropping sequence so that  some of the some of the crop residues should return to the 
soil. In dryland agriculture, Integrated Nutrient Management (INM) is the key to sustain soil 
productivity. Studies at research stations and on-farm sites have demonstrated the importance 
of Farmyard Manure (FYM), composted organic wastes, and bio-fertilizers in providing the 
nutrients to meet the requirements of crops and yield stability in dryland areas. Fifty per cent 
of fertilizer N can be replaced using FYM or compost sources. Application of FYM at 10t ha-1 
along with recommended fertilizer doses stabilized the productivity of finger millet at about 
3400 kg h-1. The same treatment resulted in a crop yield index of 0.66 compared to 0.36 when 
only chemical fertilizer was used. Continuous application of chemical fertilizers resulted in 
a decline in finger millet grain yield from an average of 2880 kg ha-1 during initial 5 years of 
the study to 1490 kg ha-1 by the 19th year (Gajanan et al., 1999). In Alfisols, incorporation of 
corn residue at 4 t ha−1 increased crop yield in a succeeding crop by about 80% (Gajanan et 
al., 1999). In Vertisols, providing 50% of recommended fertilizer dose through crop residues 
and the remaining 50% through Leucaena leucocephala loppings enhanced the sorghum 
yield by 87, 31, and 45%, respectively compared to application of 25 kg N ha-1 and 50 kg 
N ha-1 of chemical fertilizers alone. In Alfisols and Vertisols, about 20 kg N ha-1 could be 
supplemented through the addition of green leaves of Leucaena or Gliricidia. Application of 
FYM in set rows resulted in an additional yield increase of about 20, 30, 90, and 20% for 
sorghum, sunflower, castor, and pigeon pea, respectively. At the same time, water-holding 
capacity and organic C increased in the set rows by 8.5 and 5.7%, respectively.

The green leaf manuring species adapt well in different types of soils, and play an important 
role in enhancing soil fertility and productivity. Some of the tree species such as Pongamia 
glabra, Azadirachta indica, Delonix regia, Peltophorum ferrugenum are easily grown in 
different regions of the country and their leaves etc. could be used as the mulching materials 
in the rainfed agro-ecology as a source of organic matter. Beside this benefit, these materials 
after decomposition can easily provide sufficient quantity of plant nutrients such as N, P and 
K to the growing crop. These trees and bushes can be grown on the boundary and bunds 
of the field. It has been proved that tree green leaf manuring with the loppings of Gliricidia 
sepium is a very good climate friendly and cheaper technology. In rainfed situation, besides 
providing green biomass, Gliricidia can be used as insecticide, repellant and rodenticide. 
The other important feature of Gliricidia is that it can be easily grown in dry moist, acidic 
soils and even under marginal degraded lands. The adoption of green leaf manuring is one 
of the important options for enhancing the organic matter status of the soil. The degraded 
soils of the tropics and semiarid tropics are universally low in available soil nitrogen (N). 
Rising of Gliricidia shrubs on field bunds has three distinct advantages: (i) it is rich in N and 
can be used to supplement inorganic N and (ii) as such it stabilizes the bunds and (iii) when 
its biomass is used as mulch, it helps in conserving moisture and reducing the losses due 
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to soil erosion. Prihar et al. (1968) have emphasized that mulching with basooti leaves and 
twigs (Adhatoda vasica) (a shrub) is useful techniques for raising the dryland wheat crop.
Gliricidia. Different studies have revealed that yield responses to the application of green 
leaf manuring with Gliricidia have been positive in finger millet in red soils (Karnataka), 
groundnut in red soils (Andhra Pradesh), pearl millet in light textured soils (Gujarat) and 
sorghum in medium to deep black soils (Maharashtra). There are reports that in acid red and 
lateritic soils of Bhubaneswar, maize yield increased from 1.7 to 2.1 Mg ha-1 with the use 
of Gliricidia leaf manuring (equivalent to 20 kg N ha-1). Sharma et al. (2002) based on the 
long-term study reported that the integrated use of urea and organic N through loppings of 
Leucaena and Gliricidia (1:1 ratio on N equivalent) resulted in a sorghum grain yield in the 
range of 1.69 to 1.72 Mg ha-1, respectively. Based on this study, they concluded that about 
50% of N demand of sorghum crop can be met through these farm-based organic resources. 
Similarly, in another long term study conducted on integrated nutrient management in Alfisol 
soils, it was found that sorghum and greengram yields were significantly higher with the 
addition of 1 to 2 Mg ha-1 green loppings of Gliricidia along with 10-20 kg N ha-1 through 
urea. Thus, based on these findings, there is a possibility to substitute 50% of fertilizer N with 
cheaper farm based organic sources of N, and the expenditure on fertilizer can be reduced 
substantially.

Important components of integrated nutrient management for rainfed Alfisols are:

Diagnostic balanced fertilization 

 � Capitalization of “Legume effect”
(A) Inter cropping with legumes (b) Crop rotation with legumes

 � Conjunctive use of organics and chemical fertilizer (Fertilizers with FYM, compost 
and vermi-compost and other organic manures)

 � Residue recycling and its management

 � Green manuring 

 � Tree based green leaf manuring

 � Bio-fertilizers (BGA, Rhizobium, Azotobacter, Azospirillum, P-solubilizing 
Mycorrhizae)

 � Use of other low cost fertilizer materials such as pyrite, gypsum, rock-phosphate

1.6. Importance of Reduced Tillage in Rainfed Agriculture
When the soil is tilled repeatedly, it gets aerated and consequently the microbial activity in 
the soil is increased and the process of organic matter decomposition hastens up. It is well 
established fact that the organic matter decomposition and consequent emission of CO2 
are aerobic processes, the oxygen speeds up the microbial activity. Besides this, excessive 
tillage often increases wind and water erosion which in-turn sweep away organic matter 
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from soil. Thus, excessive tillage is an important factor leading to the loss of soil organic 
matter, besides this, it changes the environment of the soil. Conclusively, it can be said 
that the minimum-tillage, and no-till systems alone play a major role in reducing the rate of 
decline in soil organic carbon. When, tillage is combined with other practices (viz., straw 
incorporation, green manure, organic matter incorporation, etc.), it helps in a great way 
to maintain or increase the organic matter status of soil; ultimately improve the overall 
soil health. Numerous studies from the rainfed agro-ecology of the India reveal that the 
minimum tillage practices coupled with crop residues incorporation improve soil organic 
carbon content and crop productivity (Indoria et al., 2017; Indoria et al., 2017a). Lantana 
camera (weed) an obnoxious woody weed has been successfully used for field application 
in rainfed agro-ecology of the Himachal Pradesh. Minimum tilled and fully covered straw 
mulched plots provided the best straw and grain yield in rainfed regions of Punjab. Studies 
on reduced-till farming indicated that conventional tillage using recommended fertilizer and 
weeding, with or without off-season tillage, resulted in higher grain yields of barley, rice, 
lentil (Lens culinaris), wheat (Triticum aestivum), soybean, groundnut, finger millet (Eleusine 
coracana (L.) Gaertn), and pearl millet (AICRPDA, 1999). However, excessive tillage reduces 
organic carbon and accentuates soil erosion. Tillage plays an important role in influencing 
the conservation of soil and rainwater. Deep tillage (25–30 cm) helps in soil pulverization, 
increased rainwater infiltration, and better root growth, thereby increasing crop yield (Vittal 
et al., 1983). Off-season or pre-monsoon tillage has a significant impact on weed control and 
rainwater infiltration. Grain yields of sorghum and barley (Hordeum vulgare) were 2,600 
and 1,570 kg ha−1 with off-season tillage compared with 1,870 and 1,370 kg ha−1 without 
off-season tillage (AICRPDA, 1986).

1.7. Importance of Cropping Systems in Rainfed Agriculture
Crops and cropping systems in the rainfed areas are diverse depending on soil type and 
length of growing season. Many traditional crops grown in rainfed drylands are of long-
duration and do not match the periods of water availability. In order to match crop water 
needs with rainfall and water available periods, extensive trials were conducted over the 
past three decades. Intercropping is recommended in areas receiving 600 to 800 mm annual 
rainfall. In such areas, at least one of the component crops succeeds in producing economic 
yields; even during droughts. Similarly, mulching and crop residue incorporation contribute 
to the conservation of soil and water. Conjunctive use of Gliricidia loppings at 2 t ha−1 (fresh) 
with 60 and 90 kg N ha−1 under conventional tillage maintained soil quality index as high 
as 1.19 and 1.27, respectively, in long-term castor-sorghum system under semi-arid tropical 
Alfisol. Adoption of appropriate crop rotation/sequence play an important role in increasing 
soil organic carbon and in amending other associated properties of soil. Srinivasarao et 
al. (2012) have comprehensively documented the potential of different crop production 
systems in enhancing the soil organic carbon content under rainfed agro ecological 
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conditions. They have concluded that soybean-based production system contained higher 
stocks of soil organic carbon (62.3 Mg C ha-1), followed by maize-based (47.6 Mg ha-1) and 
groundnut-based (41.7 Mg ha-1) cropping systems. Soils under pearl millet and finger millet-
based systems contained relatively lower SOC stocks. Moreover, they have found a highly 
significant positive correlation between Sustainability Yield Index (SYI) and stock of soil 
organic carbon in groundnut (R2=0.93, P<0.001), finger millet (R2=0.93, P<0.001), finger 
millet monocropping (R2=0.90, P<0.01), and sorghum (R2=0.81, P<0.01). However, 
these relationships were weak in groundnut monocropping, pearl millet, cluster bean, 
castor, safflower, rice, and lentil. Thus, the ongoing crop production system of a particular 
region significantly contributed in improving the organic carbon status and crop productivity. 
Depending upon a particular circumstance, inclusion of grasses in crop production system 
may help in restoring the organic matter status. Similarly, growing of leguminous crop in 
the crop rotation has a potential to improve crop yield, enhance soil quality and maintain 
sustainability across the rainfed agro-ecologies. In every crop season, there is a need to 
maintain at least 40% legume component. In rainfed agro-ecology, where organic matter is 
very low, one of the important remedies is to return the land to permanent pasture to build 
up organic matter.

1.8. Aim of the Present Study
In the recent past, however, with the intensification in agriculture, majority of the research 
efforts on the assessment of soil quality in a systematic manner have gone in temperate regions 
only (Hussain et al., 1999; Andrews et al., 2002; Shukla et al., 2006). This information is 
much more limited in the fragile agro-ecosystems of the tropics (Ericksen and McSweeney, 
2000; Palm et al., 1996) which suffer more on several accounts of climatic and edaphic 
constraints and soil quality degradation. However, it is encouraging to mention that, some of 
the research initiatives made on systematic assessment of soil quality in Indian sub-continent 
were in i) semiarid tropical Alfisol (Sharma et al., 2005), ii) irrigated Inceptisols (Masto et al., 
2007), iii) irrigated rice-wheat system in Vertisols (Mohanty et al., 2007), and iv) lowlands of 
Assam under rice based system (Singh, 2007), In most of these studies, except few, a wide 
spectrum of methodologies and varying set of indicators have been used under irrigated 
conditions with high cropping intensities and higher levels of management. 

Some of the soil and crop husbandry practices such as integrated nutrient management, 
addition of organic amendments, application of crop and weed residues, growing of cover 
crops, adoption of no or minimum tillage, practicing appropriate crop production system/
cropping system, incorporation of biomass of green manuring crops in to the soil, following 
mulch-cum-manuring using tree leaves, use of biofertilizers, tank silt applications etc, have 
been found effective in managing the rainfed Alfisol soils. If these practices are followed 
systematically on long term basis, the organic matter of soils in rainfed areas can be enhanced 
and overall soil functions (soil health) can be significantly improved. As a result, potential of 
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high yielding varieties/cultivars of crops available in the country can be capitalized and yield 
barriers in rainfed crops can be broken

While planning the present study, we took a stock of different relevant options which can 
help in increasing the crop productivity by way of improving the soil health of rainfed 
region. Some of these options include: integrated nutrient management, additions of 
organic amendments, addition of crop and weed residues, growing of cover crops, no or 
minimum tillage, appropriate crop production systems/cropping system, incorporation of 
biomass of green manuring crops, mulch-cum-manuring with tree leaves, biofertilizers, 
tank silt applications etc,. We hypothesized that if some of these practices are followed 
systematically, the organic matter status of soils in rainfed areas can be enhanced on long 
term basis and overall soil functions (soil health) can be significantly improved. The potential 
of high yielding varieties/cultivars of crops available in the country can be capitalized and 
yield barriers in rainfed crops can be broken. In this study, we adopted different aspects of 
plant nutrients management such as addition of compost, mulching by using gliricidia leaves 
and twigs and adopted the sorghum-greengram cropping sequence (inclusion of legumes in 
the cropping system) and also reduced the intensity of the tillage by introducing the reduced 
tillage.

Keeping the above facts in view, a long-term experiment comprising of conservation tillage 
and conjunctive nutrient use treatments under sorghum (Sorghum bicolor {L.})-Greengram 
(Vigna radiata {L.}) system was initiated in 1998 wit the following broad objectives:. 

 � To evaluate suitable low-cost, farm-based, conjunctive nutrient-use sources in terms of 
crop yield and sustainability under conventional and reduced tillage and to monitor 
their long-term influence on soil physical, chemical, and biological soil quality 
parameters with special emphasis on soil fertility.

 � To quantify the effect of long-term tillage and conjunctive nutrient management 
practices on crop yield and nitrogen chemical fractions and their contribution to plant 
availability pool.

 � To identify the key soil quality indicators and to compute the soil quality indices by 
integrating key indicators.

 � To evaluate the long term effect of conventional and reduced tillage on productivity, 
sustainability, profitability and energy use efficiency in sorghum-greengram system in 
rainfed Alfisols.

2. Methodology for Field Experiment
A long-term experiment which was initiated during 1998 at Hayathnagar Research Farm of 
Central Research Institute for Dryland Agriculture, Hyderabad, situated at 17°18’ N latitude, 
78°36’ E longitude at an elevation of 515 m above mean sea level. This region is semi-arid 
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tropical with hot summers and mild winters and a mean annual temperature of 26oC. The 
mean maximum temperature during March to May varies from 36°C to 39°C. Mean minimum 
temperature during December to February ranges from 14 to 17oC. Mean annual rainfall is 
746 mm and accounts for approximately 42% of annual potential evapotranspiration (1754 
mm). Nearly, 70% of the total precipitation is received during the southwest monsoon season 
(June to September). The experimental soils belong to Hayathnagar series (Typic Haplustalf) 
and are slightly acidic to neutral in reaction (pH 6.5) with sandy loam texture and increasing 
clay content to 18% in the lower horizons. The soils were low in available nitrogen (145 
kg ha-1), medium in available phosphorus (13.0 kg ha-1) and available potassium (157 kg 
ha-1). The initial organic carbon content of the soils was 5.2 g kg-1. The experiment was laid 
out in a split-plot design with two types of tillage (conventional (CT) and reduced (RT)) as 
main treatments and five low cost farm-based conjunctive nutrient use treatments as sub 
treatments laid in 16 x 4 m2 plot size with three replicates. Sorghum and greengram were 
used as test crops. Conventional tillage consisted of two ploughings (carried out by tyned 
cultivator) before planting + one plough planting + harrowing + operation for top dressing 
(this includes summer tillage/off season tillage) while reduced tillage comprised of plough 
planting + operation for top dressing of nitrogen using light implements such as pick axe. 
Five conjunctive nutrient use treatments equivalent to 40 kg N ha-1 applied to sorghum crop 
were: control (no nitrogen) (T1), 40 kg N through urea (T2), 4 tonnes compost + 20 kg N 
through urea (T3), 2 tonnes Gliricidia (Gliricidia maculata) loppings + 20 kg N through urea 
(T4) and 4 tonnes compost + 2 tonnes Gliricidia loppings (T5). Greengram crop also received 
the same treatments but the doses were reduced to half to supply N equivalent to 20 kg N 
ha-1. Compost (N content = 5 g kg-1) was spread before sowing the crops. Sorghum crop 
received fertilizer N as urea in two equal splits: one half as basal at the time of sowing and 
another half after 30-35 days after sowing (DAS), while greengram received N in a single split 
as basal dose. Fresh loppings of Gliricidia (a nitrogen fixing tree containing 33.3 g kg-1 N on 
dry weight basis in leaves and twigs), were applied at 30-35 DAS as per the treatments along 
with second split of nitrogen. Recommended level (13.0 kg P ha-1) of phosphorus as single 
super phosphate was broadcasted equally to both sorghum and greengram crops uniformly 
before sowing. As the soils fall under medium category of available potassium (K), as of now, 
K is not recommended for this region and hence was not applied to the crops. 

2.1. Soil Sampling and Analyses for Soil Quality Study
Soil samples collected in the experimental site during different years of the study and at 
different depths were analysed for various studies. The samples collected were partitioned 
and passed through 8 mm, 4.75 mm, 2 mm and saved for further analyses. Soil samples passed 
through 8 mm sieve and retained on the 4.75 mm sieve were used for aggregate analysis 
using Yoder’s apparatus. Soil samples passed through 2 mm sieve were used for chemical 
analysis for pH, EC, N, P, K, Ca, Mg, S, and micronutrients such as Zn, Fe, Cu, Mn and B. 
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A portion of 2 mm sieved sample was further grinded and passed through 0.2 mm sieve for 
organic carbon estimation. For biological properties like microbial biomass carbon, 2mm 
sieved soil samples were stored at a low temperature. Similarly, for dehydrogenase assay, 
the 2mm sieve processed samples were stored separately in a refrigerator for further analysis. 
The soils were analyzed for pH and electrical conductivity (EC) (Rhoades, 1982), organic 
carbon (SOC) by the Walkley-Black procedure (Anderson and Ingram, 1996), available 
nitrogen (Subbaiah and Asija, 1956), available phosphorus (P) (Olsen et al., 1954), available 
potassium (K) and exchangeable calcium (Ca) and magnesium (Mg) (Hanway and Heidal, 
1952). Micronutrient cations viz., zinc (Zn), iron (Fe), copper (Cu), manganese (Mn) (Lindsay 
and Norvell, 1978) and their concentrations were measured using Inductively Coupled 
Plasma Spectrophotometer (ICP), model ICP-OES simultaneous system, GBC-Australia while, 
boron was estimated using DTPA-Sorbitol extraction (Miller et al., 2000). 

Bulk density (BD) was measured by soil core method (Blake and Hartge, 1986) and hydraulic 
conductivity (HC) by constant head method (Klute, 1965). The distribution of aggregate 
size was determined using wet sieving technique (Yoder, 1936) and mean weight diameter 
(MWD) was computed (van Bevel ,1949). The mean weight diameter was calculated using 
the equation: 

MWD = i=1Σ
n Xi * Wi 

Where Xi is the average diameter of each particle class (mm), and Wi is the proportion by 
weight of the given size fraction of aggregate relating to Xi. 

Microbial biomass Carbon and Microbial biomass Nitrogen (MBC, MBN) were estimated 
using the chloroform fumigation incubation technique (Jenkinson and Powlson, 1976; 
Jenkinson and Ladd, 1981). Dehydrogenase activity (DHA) in the soils was measured by 
triphenyl tetrazolium chloride method (TTC) (Lenhard, 1956). Labile carbon (LC), which is 
considered as an important biological soil quality indicator, was estimated using the method 
suggested by Weil et al., (2003) with slight modification. The methods for the estimation of 
potential soil quality indicators are given in Table 5.

Table 5: Methods followed for determining the potential soil quality indicators

Variable Method Reference/Indicators
pH 1:2 Soil water suspension -

Electrical conductivity 1:2 Soil water suspension Rhoades (1982)

Organic carbon Wet oxidation with H2SO4 + K2Cr2O7 Walkley and Black (1934)

Available N Alkaline-KMnO4 oxidizable N Subbaiah and Asija (1956)

Available P 0.5M NaHCO3 method Olsen et al.(1954)

Available K Neutral normal ammonium acetate method Hanway and Heidal (1952)

Exchangeable Ca, Mg Neutral normal ammonium acetate method -



17

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

Variable Method Reference/Indicators
DTPA exchangeable 
Zn, Fe, Cu, Mn

DTPA-CaCl2-TEA using ICP Lindsay and Norvell (1978)

Extractable Boron DTPA-Sorbitol extraction Lindsay and Norvell (1978)
Bulk density Soil core method Lindsay and Norvell (1978)
Hydraulic conductivity Constant head method -
Aggregate stability
Mean weight diameter

Wet sieve method -

Microbial biomass 
carbon

Fumigation extraction Jenkinson and Powlson 
(1976)

Microbial biomass N Soil fumigation technique K2SO4 extraction 
and digestion

Jenkinson and Ladd (1981)

Dehydrogenase activity Triphenyl tetrazolium chloride method 
(TTC)

Lenhard (1956)

Labile carbon KMnO4 method Weil et al.(2003)

2.2. Computation of Soil Quality Index (SQI)
The data obtained on the soil quality parameters were subjected to analysis of variance 
(ANOVA) using split-plot design for testing their level of significance. Further, to identify the 
minimum data set, various successive steps of data analysis were followed primarily employing 
the principal component analysis (PCA) technique (Doran and Parkin, 1994; Andrews et al., 
2002a) using SPSS (Version 9.0). Principal components (PC) for a data set are defined as linear 
combinations of variables that account for maximum variance within the set by describing 
vectors of closet fit to the observation in p-dimensional space, subject to being orthogonal to 
one another. Principal component analysis (PCA) is a mathematical procedure that transforms a 
number of (possibly) correlated variables into a (smaller) number of uncorrelated variables called 
principal components. The objective of the principal component analysis was to reduce the 
dimensionality of the parameters data set and to identify new meaningful underlying variables, 
knowing that the principal components are dependent on the units used to measure the original 
variables as well as on the range of values they assume. The first principal component accounts 
for as much of the variability in the data as possible, and each succeeding component accounts 
for as much of the remaining variability as possible. 

In brief, the various successive steps of analysis followed to identify key indicators and to 
compute soil quality indices included the following: i) fixing or defining the goals ii) testing 
the level of significance for various soil indicators as influenced by various management 
treatments, iii) principal component analysis to select representative minimum data set (MDS) 
iv) correlation analysis among soil variables to reduce spurious grouping among highly 
weighted variables within each principal component (PC), v) multiple regression using the 
final MDS components as the independent variables and each goal attribute as a dependent 
variables, and vii) scoring of the MDS indicators based on their performance of soil function 
and computation of soil quality index (SQI). 
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2.3. Yield
The pooled data analysis of grain yield of sorghum and greengram as influenced by tillage 
and INM treatments was carried out using the specified Design of analysis.

2.4. Agronomic Efficiency (AE)
Agronomic efficiency (AE), a parameter representing the ability of the plant to increase yield 
in response to per unit N applied, was computed based on the average grain yield data using 
the following relationship:

AE = (YTP-YCP)/FN

Where YTP is the grain yield (kg ha-1) of treated plot, YCP is the grain yield of control plot, and 
FN is the applied dose of fertilizer N (kg ha-1).

2.5. Sustainable Yield Index (SYI)
In rainfed agriculture, as the magnitude of the yield is predominantly influenced by rainfall 
besides other factors, the computation of the sustainability of the yield becomes more 
important than simple mean (FAO, 1989). In the present study, the sustainability in yield was 
monitored in terms of sustainable yield index (SYI), which represented minimum guaranted 
yield in response to nutrient management treatment as a percentage of the maximum 
observed yield with high probability. This index was calculated as follows:

SYI= Y - σ / Ymax 

Where Y is the average yield of the treatments across the years σ is the treatments standard 
deviation, and Ymax was the maximum observed yield over years in the experiment (Singh et 
al., 1990).

2.6. Energy Use Efficiency
In order to evaluate the soil and nutrient management treatments in terms of energy use 
efficiency, the input energy (MJ/ha) was computed for each treatment by cumulating all the 
energy values (MJ/ha) used for different inputs like seed, fertilizer, herbicide, labour, animal 
and implements for land preparation, sowing, interculture, harvesting and other agricultural 
operations. The output energy was computed from the grain and straw yield harvested, and 
was expressed in terms of MJ/ha. The EUE could be derived as a ratio of output and input 
energy for each treatment.

2.7. Profitability of the Management Treatments
In order to study the relative profitability of the management treatments for sorghum and 
greengram, the per hectare cost of inputs incurred on total cost of cultivation (TC) such 
as, seed, fertilizers, herbicides, pesticides, green leaves collection and application, cost of 
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human labour, bullock labour and /or traction power were considered. To compute the gross 
returns (GR) accrued, the prevailing market rates of outputs per ha including main product 
and by-product for the year of study were considered. The price used for 1 kg of sorghum and 
dry stover were $ 11/- and $ 3/- (Indian Rupees), respectively in the year of study. Per ha net 
returns (NR) accrued were calculated by subtracting per ha total incurred cost of cultivation 
from per ha gross returns accrued. Finally, for studying the techno-economic feasibility of 
the soil management treatments, benefit-cost ratio (BCR) for each of the soil management 
treatments was worked out as a ratio of GR and TC (Maruthi Shankar et al., 2011). The test 
for significance of the treatments for profitability and energy use was performed using LSD 
(least square difference values).

3. Results and Discussion 
3.1. Effect of Soil Management Practices on Soil Quality

The soil quality assessment studies were undertaken after thirteen years of experimentation in 
the year 2010. Soil samples from 0-20 cm depth were collected and utilized for various kinds 
of analyses and the results on the influence of tillage and nutrient management practices on 
various physical, chemical and biological soil quality parameters have been presented in 
Tables 6 to 8. 

3.1.1. Soil Physical and Chemical Properties 

The nutrient uptake studies in 
sorghum and greengram were carried 
out in the year 2011 after 14 years of 
experimentation and the results are 
presented in Tables 6 to 8 and Figs 
1 to 5. The pH in these soils varied 
from 6.1 to 6.6. Tillage treatments 
did not show any significant effect 
on the soil pH while the treatment 2 t 
Gliricidia loppings + 20 kg N through 
urea (T5) recorded higher soil pH 
(6.5) compared to control (6.2). The 
electrical conductivity of soil in this 
study was very low and varies from 0.05 to 0.09 dSm-1. Both tillage and INM treatments had 
significant influence on the soil organic carbon (SOC) which varied from 5.4 to 6.8 g kg-1. 
Minimum tillage recorded significantly higher SOC (6.8 g kg-1) compared to conventional 
tillage (6.6 g kg-1). Among the conjunctive nutrient use treatments, application of 4 t compost 
+ 2 t Gliricidia loppings recorded significantly higher SOC (6.8 g kg-1) which was on par with 
1 t Gliricidia loppings + 10 kg N (T4) treatment (6.8 g kg-1) (Fig. 1).

Fig. 1: Effect of tillage and INM treatments on soil organic carbon 
(g kg-1)
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The available N in these soils varied 
from 153.2 kg ha-1 to 197.3 kg ha-1 
across the treatments (Table 6). 
Both tillage and INM treatments 
significantly influenced the available 
N in soil compared to control. 
Available N was significantly higher 
in minimum tillage plots (182 kg ha-

1) compared to conventional tillage 
(175.9 kg ha-1). Among the INM 
treatments, application of 4 t compost 
+ 2 t Gliricidia loppings (T5) recorded 
significantly higher available nitrogen 
(197.3 kg ha-1) in soils compared to other conjunctive nutrient use treatments. The interaction 
effects of tillage and INM treatments were also found to be significant. The available P in 
these soils varied from 40.9 to 59.3 kg P ha-1. Minimum tillage recorded significantly higher 
soil available P (59.3 kg ha-1) compared to conventional tillage (49.3 kg ha-1) (Fig. 2). 

Conventional tillage recorded 
significantly higher available K (119.7 
kg ha-1) compared to minimum tillage 
(116.4 kg ha-1). Among the INM 
treatments, the T5 (organic treatment) 
recorded significantly higher soil 
available K (121.4 kg ha-1) followed 
by T4 (116.4 kg ha-1) compared to 
control. The interaction effects of 
tillage and INM treatments were 
also significant. In the present study, 
tillage treatments did not show any 
significant influence on exchangeable calcium in soils. Significantly higher exchangeable 
Ca was observed with T5 (4 t compost + 2 t Gliricidia loppings) (4.7 c mol kg-1) which 
was followed by T4 treatment (4.2 c mol kg-1). The interaction effects between tillage and 
INM treatments were not significant. Exchangeable Magnesium was also not significantly 
influenced by tillage but found significant with INM treatments (Table 6). Significantly higher 
exchangeable Magnesium was observed with T5 treatment (1.8 c mol kg-1) compared to 
control (1.2 c mol kg-1). Tillage and INM treatments significantly influenced the available S 
in soils. The available S in these soils varied from 26.0 to 35.7 kg ha-1 across the treatments 
(Fig. 3). Minimum tillage recorded significantly higher available S (32.5 kg ha-1) compared to 

Fig. 2: Effect of tillage and INM treatments on soil available 
major nutrients (kg ha-1) 

Fig. 3: Effect of tillage and INM treatments on soil available 
secondary nutrients 
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conventional tillage (30.8 kg ha-1). The interaction effects of tillage and INM treatments were 
also found significant.

Table 6: Effect of tillage and INM treatments on physico-chemical and chemical soil 
properties

Tillage INM Treatments equal to 40 kg 
N ha-1 pH EC OC

g kg-1 N P kg 
ha-1 K

Ca 
cmol 
kg-1

Mg S
Kg ha-1

MT T1 = Control 6.2 0.09 5.6 153.9 40.9 75.0 3.5 1.2 26.0

T2 = 40 kg N through urea 6.2 0.09 6.3 179.5 45.3 85.4 3.5 1.4 31.6

T3 = 4 t compost + 20 kg N 
through urea

6.5 0.06 6.5 188.4 51.5 98.8 3.8 1.6 34.1

T4 = 2 t Gliricidia loppings + 20 
kg N through urea

6.5 0.05 6.8 190.8 58.7 116.4 4.2 1.9 35.3

T5 = 4 t compost + 2 t Gliricidia 
loppings

6.6 0.06 6.8 197.3 59.3 121.4 4.7 1.8 35.7

CT T1 = Control 6.1 0.08 5.4 153.2 38.1 94.7 3.5 1.25 27.4

T2 = 40 kg N through urea 6.2 0.06 6.2 172.6 41.4 93.0 3.5 1.3 29.4

T3 = 4 t compost + 20 kg N 
through urea

6.1 0.05 6.3 181.5 45.7 110.4 3.8 1.7 30.5

T4 = 2 t Gliricidia loppings + 20 
kg N through urea

6.4 0.09 6.6 185.4 48.1 114.5 4.2 2.0 33.1

T5 = 4 t compost + 2 t Gliricidia 
loppings

6.5 0.08 6.6 186.7 49.3 119.7 4.8 2.1 33.5

LSD 
(0.05)

Between tillage means 0.07 0.003 0.06 4.18 0.74 NS NS NS 1.76

Between treatment means 0.11 0.007 0.07 1.70 0.96 6.60 0.12 0.12 1.70

Between two treatment means at 
same tillage

0.16 0.010 NS 2.4 1.36 9.33 NS NS 2.40

Between two treatment means at 
same or different treatments

0.16 0.010 NS 4.4 1.38 13.16 NS NS 2.65

3.1.2. Effect of Tillage and INM Treatments on Soil Micronutrients

The available Fe was significantly influenced by both tillage and INM treatments. Significantly 
higher Fe content (10.1ug g-1) was observed in minimum tillage compared to conventional 
tillage (9.2 ug g-1). Among the INM treatments, significantly higher Fe content (10.1 ug g-1) 
was observed with T5 which was at a par with T4 treatments (9.6 ug g-1) compared to control 
(Table 7). In the present study, the influence of tillage and INM treatments on the Cu content 
in the soil was not significant and varied from 0.4 to 0.7 ug g-1. Soil available Zn and Mn were 
also not significantly influenced by tillage and conjunctive nutrient use treatments. The soil 
available B varied from 0.7 to 1.1 ug g-1across the treatments. Among the tillage treatments, 
significantly higher B content was recorded with conventional tillage (1.1 ug g-1) compared 
to minimum tillage (0.7 ug g-1). However, among the INM treatments, significantly higher B 
content (1.1 ug g-1) was observed with T5 treatment followed by T4 treatment (1.0 ug g-1). 
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Table 7: Effect of tillage and INM treatments on micronutrients (ug g-1) 

Tillage INM Treatments equal to 40 kg N ha-1 Fe
(ug g-1)

Cu
(ug g-1)

Zn
(ug g-1)

Mn
(ug g-1)

B
(ug g-1)

MT T1 = Control 7.7 0.5 3.0 20.4 0.7
T2 = 40 kg N through urea 8.7 0.5 3.2 17.2 0.8
T3 = 4 t compost + 20 kg N through urea 9.2 0.6 3.3 26.1 0.8
T4 = 2 t Gliricidia loppings + 20 kg N through urea 9.6 0.6 3.7 28.3 0.9
T5 = 4 t compost + 2 t Gliricidia loppings 10.1 0.7 4.1 29.3 1.0

CT T1 = Control 7.5 0.4 2.9 18.6 0.8
T2 = 40 kg N through urea 8.0 0.5 3.1 21.7 0.9
T3 = 4 t compost + 20 kg N through urea 8.5 0.5 3.3 22.5 0.9
T4 = 2 t Gliricidia loppings + 20 kg N through urea 9.2 0.6 3.6 24.3 1.1
T5 = 4 t compost + 2 t Gliricidia loppings 9.8 0.6 3.8 25.8 1.2

LSD 
(0.05)

Between tillage means NS NS 0.07 NS 0.01
Between treatment means 0.6 0.08 0.07 5.8 0.02
Between two treatment means at same tillage NS NS 0.112 NS 0.03
Between two treatment means at same or different treatments NS NS 0.118 NS 0.03

In the present study, the microbial biomass carbon 
in soil varied from 31.6 mg kg-1 to 52.9 mg kg-1 

(Table 8) of soil which was relatively lower than 
expected, may be because there was no adequate 
moisture at the time of collection of soil samples. 
Minimum tillage recorded significantly higher 
microbial biomass carbon (39.6 mg kg-1) compared 
to conventional tillage (35.4 mg kg-1). Among the 
conjunctive nutrient-use treatments, application 
of T5 treatment recorded the highest microbial 
biomass C content of 52.9 and 43.7 mg kg-1 (Fig. 4) 
of soil under both MT and CT, respectively. The labile carbon in these soils varied from 173.0 
to 366.1 mg kg-1. Of all the treatments, sole organic sources of nutrients applied through T3 
recorded significantly higher labile C content of 366.1 mg kg-1under conventional tillage. 
The interaction effects of tillage and conjunctive 
nutrient use treatments were found to be significant. 

A significant difference in soil bulk density and 
mean weight diameter was observed across the 
treatments (Fig.5). Significantly lower bulk density 
was observed with T5 (4 t compost + 2 t Gliricidia 
loppings) treatment (1.31 Mg m-3) under minimum 
tillage compared to control. 

Fig. 4: Effect of tillage and INM treatments on 
microbial biomass carbon and labile carbon 

Fig. 5: Effect of tillage and INM treatments on 
mean weight diameter and soil bulk density 
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Table 8: Effect of soil management practices on biological and physical properties of soil 

Tillage INM Treatments equal to 40 kg N ha-1 MBC 
mg kg-1

Labile carbon 
mg kg-1

DHA
ug TPF 24hr-1g-1

BD
Mg m-3

MWD 
mm

MT

T1 = Control 31.6 173.3 20.9 1.48 0.15

T2 = 40 kg N through urea 34.3 186.1 28.9 1.42 0.18

T3 = 4 t compost + 20 kg N through urea 32.0 178.4 31.5 1.42 0.32

T4 = 2 t Gliricidia loppings + 20 kg N 
through urea

47.0 175.6 32.7 1.35 0.32

T5 = 4 t compost + 2 t Gliricidia loppings 52.9 188.1 36.2 1.31 0.34

CT

T1 = Control 29.1 261.0 18.1 1.51 0.13

T2 = 40 kg N through urea 34.4 291.5 23.6 1.49 0.15

T3 = 4 t compost + 20 kg N through urea 32.7 366.1 25.7 1.45 0.19

T4 = 2 t Gliricidia loppings + 20 kg N 
through urea

37.3 293.3 29.5 1.39 0.26

T5 = 4 t compost + 2 t Gliricidia loppings 43.7 297.9 31.7 1.37 0.31

LSD 
(0.05)

Between tillage means 1.31 1.78 0.91 0.019 0.018

Between treatment means 2.16 3.64 0.26 0.010 0.009

Between two treatment means at same 
tillage

3.06 5.16 0.37 0.014 0.013

Between two treatment means at same or 
different treatments

2.96 4.86 0.93 0.021 0.02

3.1.3. Assessment of Soil Quality Index 

The soil analyses data were subjected to analysis of variance (ANOVA) using a split-plot design 
for testing their level of significance. To identify the minimum dataset, various successive 
steps of data analysis were followed, primarily employing the principal component analysis 
(PCA) technique (Doran and Parkin, 1994; Andrews et al., 2002a) using SPSS (Version 9.0). 
Principal components (PC) for a dataset are defined as linear combinations of variables that 
account for maximum variance within the set by describing vectors of closest fit to the n 
observation in p-dimensional space, subject to being orthogonal to one another. PCA is a 
mathematical procedure that transforms several (possibly) correlated variables into a (smaller) 
number of uncorrelated variables (PC). The objective of PCA is to reduce the dimensionality 
of the parameter data set and to identify new meaningful underlying variables, knowing 
that the PC are dependent on the units used to measure the original variables as well as on 
the range of values they assume. The first PC accounts for as much of the variability in the 
data as possible, and each succeeding component accounts for as much of the remaining 
variability as possible. In brief, the various successive steps of analysis followed to identify 
key indicators and to compute SQI included the following:

�� Fixing or defining the goals

�� Testing the level of significance for various soil indicators as influenced by various 
management treatments



24

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

�� PCA to select representative minimum dataset (MDS)

�� Correlation analysis among soil variables to reduce spurious grouping among highly 
weighted variables within each PC

�� Multiple regression using the final MDS components as the independent variables and 
each goal attribute as a dependent variable

Scoring of the MDS indicators based on their performance of soil function and computation 
of the data on 21 soil quality parameters, physical (BD, MWD of aggregates, HC), chemical 
(pH, EC, SOC, available N, P, K, exchangeable Ca and Mg, available S, DTPA-extractable 
micronutrients Zn, Fe, Cu, Mn, and B), and biological (DHA, MBC, LC, MBN) are presented 
in Table 9 (a&b). Tillage had significant influence on soil pH, available S, DTPA-extractable 
Mn, and HC, while the conjunctive nutrient-use treatments significantly influenced all 
chemical, physical and biological parameters except pH and Ca. The interactive effect of 
tillage and nutrient management treatments was, however, significant only for available P 
and K, DTPA-extractable Zn and Fe, DHA, and LC contents of the soils. 

The sole organic treatment (4 Mg compost + 2 Mg Gliricidia loppings) increased the SOC by 
21.6%, available N by 24.5%, DHA activity by 56.1%, MBC by 38.8%, LC by 20.3%, and 
MBN by 38.8% over the non-amended control as most of the soil quality parameters except 
exchangeable Ca were significantly influenced by the soil-nutrient management treatments, 
we considered all of the variables for PCA (Table 10). Since these soils were slightly acidic to 
neutral in reaction constituting 1 : 1 layer silicates (kaolinites with cation exchange capacity 
14 cmol/kg), they would release exchangeable Ca into the soil solution at only 20-40% Ca 
saturation of the exchange complex (Prasad and Power, 1999). Hence, exchangeable Ca was 
considered important to regulate its supply in soil solution and was also considered for PCA. 
As per the criteria set by Brejda et al. (2000), the PC with Eigen values 1 and which explained 
at least 5% of the variations in the data (Wander and Bollero, 1999) were considered. The 
PC with higher Eigen values and high factor loading variables were considered as best 
representative of system attributes. The amount of variability explained by PC1, PC2, PC3 
PC4, and PC5 was 41, 14, 13, 10, and 5%, respectively. The cumulative variance was 
81.65%. Within each PC, only highly weighted factors (having absolute values within 10% 
of the highest factor loading) were retained for MDS. 

When more than one factor was retained under a single PC, multivariate correlation 
coefficients were used to determine if the variables could be considered redundant and 
therefore eliminated from the MDS (Andrews et al., 2002a). From the group of variables 
which were well correlated (r > 0.70) with one another, only one variable was considered 
for the MDS. However, flexibility criteria were also followed in rare circumstances depending 
upon the importance of the variables. The remaining variables were eliminated from the 
dataset. If the highly weighted variables were not correlated, each was considered important 
and was retained in the MDS.
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Table 9 (a): Effect of soil management practices on soil quality parameters after 8 years

pH EC OC N P K Ca Mg S Zn

CT 6.51 0.08 6.1 160.5 33.1 145.4 3.64 1.42 10.2 1.11

RT 6.70 0.07 6.5 168.6 29.0 146.3 3.65 1.23 11.6 1.16

LSD 0.14 N.S N.S N.S N.S N.S N.S N.S  1.09 N.S

T1 6.57 0.06 5.7 145.3 27.5 135.5 3.32 0.98 8.21 0.86

T2 6.45 0.06 6.1 158.4 28.9 142.7 3.60 1.33 13.1 1.08

T3 6.75 0.10 6.6 171.4 32.4 154.9 4.13 1.40 10.1 1.17

T4 6.59 0.06 6.4 166.5 32.5 140.5 3.46 1.36 11.9 1.29

T5 6.67 0.09 6.9 180.9 34.2 155.9 3.73 1.56 11.2 1.28

NUT N.S 0.03 0.37 8.22 3.08 9.38 N.S 0.13 1.44 0.06

NUTst N.S N.S N.S N.S 4.36 13.3 N.S N.S N.S 0.09

NUTsdt N.S N.S N.S N.S 5.48 20.5 N.S N.S N.S 0.09

Table 9(b): Influence of soil management practices on soil quality parameters after 8 years

Fe Cu Mn B DHA MBC MBN LC BD MWD HC

CT 9.4 0.95 13.7 0.72 1.78 145.1 53.4 236.4 1.75 0.12 3.77

RT 9.2 0.91 12.1 0.73 1.84 153.7 56.2 244.0 1.74 0.14 2.79

LSD N.S N.S 1.42 N.S N.S N.S N.S N.S N.S N.S 0.16

T1 7.5 0.82 11.4 0.38 1.40 120.5 44.2 217.0 1.79 0.11 2.78

T2 11.0 1.05 15.5 0.68 1.75 147.1 53.9 246.2 1.74 0.13 3.19

T3 9.7 1.00 14.2 0.83 1.68 154.3 56.6 232.2 1.74 0.15 3.39

T4 10.9 0.93 12.0 0.96 2.02 158.1 58.0 244.7 1.73 0.12 3.32

T5 7.4 0.87 11.6 0.76 2.18 167.2 61.4 261.0 1.73 0.15 3.70

NUT 1.3 0.09 1.3 0.04 0.16 7.72 2.85 9.42 0.03 0.17 0.17

NUTst 1.8 N.S N.S N.S 0.23 N.S N.S 13.3 N.S N.S N.S

NUTsdt 1.6 N.S N.S N.S 0.23 N.S N.S 12.8 N.S N.S N.S

CT, Conventional tillage; RT, reduced tillage; Till, tillage; NUT, nutrient-use treatments (st, at same till; sdt, at same 
or different till); n.s., not significant at P = 0.05. EC, Electrical conductivity (dS/m); OC, organic carbon (g/kg); N, P, 
K: available nitrogen, phosphorus, potassium (kg/ha); Ca, Mg: exchangeable calcium, magnesium (cmolc/kg); S, Zn, 
Fe, Cu, Mn, B: available sulfur, zinc, iron, copper, manganese, boron (mg/g); MBC, microbial biomass carbon (mg/g 
soil); DHA, dehydrogenase activity (mg TPF/h/g); MBN, microbial biomass nitrogen (kg/ha); LC, labile carbon (mg/
kg); BD, bulk density (Mg/m3); MWD, mean weight diameter (mm); HC, saturated hydraulic conductivity (cm/hr), 

LSD, least significant difference (P = 0.05)
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Table 10: Principal component analysis of soil quality indicators 

PCs PC1 PC2 PC3 PC4 PC5

Eigen value 8.564 2.925 2.609 1.951 1.037

% Variance 40.782 13.930 12.712 9.290 4.939

Cumulative % 40.782 54.712 67.424 76.714 81.652

Factor loading/ eigen vector

pH 0.257 0.790 0.064 0.313 0.159

EC 0.412 0.780 0.260 0.150 0.086

Organic C 0.793 0.110 0.340 0.028 0.009

Avail. N 0.816 0.056 0.276 0.009 0.039

Avail. P 0.407 0.303 0.082 0.721 0.223

Avail. K 0.589 0.602 0.095 0.183 0.219

Exch. Ca 0.360 0.765 0.375 0.057 0.051

Exch. Mg 0.722 0.142 0.129 0.454 0.281

Avail. S 0.546 0.531 0.045 0.424 0.350

Zn 0.863 0.201 0.109 0.057 0.291

Fe 0.213 0.357 0.697 0.381 0.119

Cu 0.328 0.060 0.821 0.188 0.018

Mn 0.132 0.057 0.825 0.096 0.361

B 0.810 0.216 0.184 0.043 0.369

Dehydrogenase assay 0.774 0.164 0.151 0.031 0.244

Microbial biomass C 0.907 0.071 0.113 0.161 0.177

Bulk density - 0.778 0.077 0.084 0.203 0.000

Mean wt diam. 0.632 0.248 0.398 0.007 0.453

Hydraulic cond. 0.410 0.097 0.343 0.762 0.079

Labile C 0.749 0.042 0.131 0.160 0.062

Microbial biomass N 0.919 0.006 0.098 0.134 0.170

In PC1, the 4 variables qualified for the next step were: available N, DTPA-Zn, MBC, and 
MBN. However, all of these variables were found well correlated (r > 0.70) in the inter-
correlation study as per the criteria suggested by Andrews et al. (2002a) (Table 11). Since 
semi-arid tropical soils suffer from poor fertility, especially available N and Zn, they were 
considered important from the view point of soil fertility and were retained. Further, based 
on well-correlated criteria, MBC and MBN were considered as representative indicators of 
each other and only MBC was retained being an important biological soil quality indicator. 
Finally in PC1, available N, Zn, and MBC were retained for the MDS.

In PC2, among the 3 variables (pH, EC, Ca) that qualified, pH and Ca, though not well 
correlated (r > 0.7) were found to have significant correlation. As the soil reaction was near 
neutral, pH was not found to be a major constraint and dropped from the MDS. Considering 
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the importance of Ca in plant nutrition in these soils, among this group of variables, only Ca 
was retained for the MDS and the rest of the variables were eliminated. Similar to PC2, in 
PC3, Cu and Mn, though not well correlated (r < 0.70), were significantly correlated with 
each other, among which only one variable was required to be retained. As the Mn content 
in these Alfisols was well above the critical limit set for plant availability (>2.5 mg/g), it was 
considered redundant, and Cu, which was 1 mg/g, was retained for the final MDS. In PC4, 
among the significantly correlated variables, i.e. available P and HC, only HC was retained, 
as it was one of the representative variables of physical properties of Alfisols, which suffer 
from crusting and hard setting tendencies and low water retention. As the available P content 
in soil was adequate (>25 kg/ha), it was eliminated from the MDS. In PC5, only 1 variable, 
i.e. MWD of the soil aggregates, was found to qualify and was retained for the MDS. As a 
whole, from PC1 to PC5, the variables that qualified and were retained for final MDS were: 
available N, DTPA-Zn and Cu, MBC, exchangeable Ca, HC, and MWD.

Table 11: Inter - correlations between highly weighted variables under different PCs

PC1 variables N Zn MBC MBN
N 1 0.689** 0.774** 0.774**

Zn 0.689** 1 0.846** 0.854**

MBC 0.774** 0.846** 1 0.997**

MBN 0.774** 0.854** 0.997** 1

PC 2 variables pH EC Ca

pH 1 0.632 0.606**

EC 0.632** 1 0.809**

Ca 0.606** 0.809** 1

PC 3 variables Cu Mn

Cu 1 0.668**

Mn 0.668** 1

PC 4 variables P HC

P 1 0.644**

HC 0.644** 1
*(p=< 0.01)

As a check of how well the MDS represented the management system goals, and to identify 
the key indicators, multiple regressions were performed using the indicators retained in the 
MDS as independent variables and the end-point measures such as mean yields of sorghum 
and greengram, SYIs of sorghum and greengram and SOC as dependent variables. 
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Table 12: Verification of minimum data set (MDS) variables through multiple regressions 
using functional goals as dependent variables - identification of key indicators

Functional goals R2  Most significant MDS 
Variables Probability levels (p)

Average sorghum yield 0.78 MBC, Cu, HC >0.115, >0.013, >0.001

Sustainability yield index of sorghum 0.82 MBC, Cu, HC >0.066, >0.036, >0.000

Average greengram yield 0.89 Zn, MBC, Cu, HC >0.083, >0.163, >0.004, >0.000

Sustainability yield index of Greengram 0.93 Zn, Cu, HC >0.163, >0.000, >0.000

Organic carbon 0.72 Zn, N, MWD >0.117, >0.092, >0.064

When the MDS was regressed with these functional goals, the coefficient of determination 
(R2) varied from 0.72 to 0.93. The variables that were found significant at P = 0.000–0.083, 
were accepted for the final MDS. Hence, based on the series of analytical data screening 
steps, only available N, Zn, and Cu, MBC, MWD, and HC were declared the key indicators 
for Alfisol under the sorghum–greengram system under conventional and reduced tillage.

After identifying the MDS indicators, every observation of each MDS indicator was 
transformed using a linear scoring method as suggested by Andrews et al. (2002b). To assign 
the scores, indicators were arranged in order depending on whether a higher value was 
considered ‘good’ or ‘bad’ in terms of soil function. In case of ‘more is better’ indicator, each 
observation was divided by the highest observed value such that the highest observed value 
received a score of 1. For ‘less is better’ indicator, the lowest observed value (in the numerator) 
was divided by each observation (in the denominator) such that the lowest observed value 
received a score of 1. In this study, all of the indicators retained in the MDS were considered 
good from the view point of soil quality when they are in increasing order, and hence the 
‘more is better’ approach was followed. After transformation of the data using a linear scoring 
method, the MDS indicators scores thus obtained for each observation were multiplied with 
the weighted factor obtained from the PCA results. Each PC explained a certain amount (%) 
of the variation in the total dataset. This percentage, when divided by the total percentage 
of variation explained by all the PCs with Eigen vectors >1, gave the weighted factors for 
indicators chosen under a given PC. The weighted factors (per cent variation of each PC 
divided by the cumulative per cent variation explained by all the PCs) for PC1, PC2, PC3, 
PC4, and PC5 were 0.50, 0.17, 0.16, 0.11, and 0.06, respectively.

After performing these steps, to obtain SQI, the weighted MDS indicator scores for each 
observation were summed up using the following relationship.

                                n
                        SQI=∑ (Wi X Si) --------- (Equation 2)
                             i = 1

Where Si is the score for the subscripted variable and Wi is the weighing factor obtained from 
the PCA. The SQI thus obtained were normalized with respect to the maximum possible SQI, 
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i.e. summation of maximum PCA weighting factors of each key indicator, and the data are 
presented in Table 13.

Table 13: Effect of soil nutrient management treatments on overall soil quality indices

S. No. Conjunctive nutrient use treatments equal to 40 kg  
N/ha

Conventional 
Tillage

Reduced 
Tillage

1. T1, Control 0.66 0.66

2. T2, 40 kg N as urea 0.78 0.77

3. T3, 4 t compost + 20 kg N as urea 0.83 0.82

4. T4, 2t Gliricidia loppings þ 20 kg N as urea 0.80 0.87

5. T5, 4 t compost + 2 t Gliricidia loppings 0.86 0.89

LSD (p=0.05) Between tillage means NS

Between treatment means 0.02

Between two treatment means at same tillage 0.03

Between two treatment means at same or different tillage 0.03

Based on the results, SQI varied from 0.66 (control) to 0.86 (4 t compost þ 20 kg N as urea) 
under CT, and from 0.66 (control) to 0.89 (4 t compost +2 t Gliricidia loppings) in RT. 
Tillage alone did not show any significant effect on SQI, whereas the conjunctive nutrient-
use treatments significantly influenced the SQI in these semi-arid tropical Alfisols. When all 
the treatments are averaged over tillage, application of 4 t compost + 2 t Gliricidia loppings 
showed the highest SQI (0.87) followed by 2 t Gliricidia loppings + 20 kg N as urea (0.84), 
which was at par with 4 t compost + 20 kg N as urea (0.82). The interaction effects of tillage 
and conjunctive nutrient-use treatments were also significant on SQI. On an average, under 
both CT and RT, the sole organic treatment out-performed in improving the soil quality to 
an extent of 31.8% over control. The conjunctive nutrient-use treatments improved the soil 
quality by 24.2–27.2%, while the sole inorganic treatment improved soil quality only by 
18.2% over the control. Interestingly, even the control, which did not receive any N input 
in the form of treatment, except P, also maintained SQI of as high as 0.66. This could be 
attributed to the beneficial effect of legume crops grown in rotation with cereals, as various 
rotations, mainly cereal/legumes, combined with reduced tillage, could influence soil organic 
matter and associated aggregation and related hydraulic properties (Masri and Ryan, 2006). 
The overall order of superiority of treatments from the viewpoint of soil quality indices was: 
T5 > T4 = T3 > T2 > T1.

The contribution of each of the indicator towards soil quality was computed by its average 
linear scores under each soil–nutrient management treatment (Fig. 2). By the average linear 
scores, the order of importance of the key indicators in influencing soil quality was MBC 
(0.41) = available N (0.41) > DTPA-Zn (0.37) > DTPA-Cu (0.12) > HC (0.09) > MWD 
(0.04), with a corresponding contribution of 28.5%, 28.6%, 25.3%, 8.6%, 6.1%, and 
2.9%, respectively. These key indicators play a considerable role in influencing various 
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soil functions and in turn the functional goals. To establish the quantitative relationship 
between SQI and functional goals, linear regressions were worked out between yields 
and SYIs of sorghum and greengram as dependent variables (Y) and SQI as independent 
variable (X). The linear regression equations along with linear regression coefficients (R2) 
are given in 14. 

Table 14: Prediction equations for functional goals using normalized soil SQIs

Goal or function R2 P Regression equations

Average sorghum yield (YS) 0.56 >0.000 YS = –1018.6 þ 3204.5 SQI

Sustainability yield index of sorghum (SYIS) 0.47 >0.000 SYIS = –0.302 þ 0.9592 SQI

Average greengram yield (YMB) 0.67 >0.000 YMB = –348.2 þ 1448.9 SQI

Sustainability yield Index of greengram (SYIMB) 0.39 >0.000 SYIMB=–0.104 þ 0.5906 SQI

The regression coefficients varied from a minimum of 0.39 with greengram SYI to a maximum 
of 0.67 with greengram yield and were found highly significant. These simple equations help 
in understanding the changes in functional goals with a given change in SQI.

Our study has clearly indicated that in a semi-arid tropical rainfed Alfisol, available N, 
DTPA-Zn and Cu, MBC, MWD, and HC were the key indicators of ‘soil quality’, which 
greatly influence the soil functions and overall soil quality and, in turn, help in achieving the 
functional goals. Among these indicators, the available N contributing 28.5% towards soil 
quality in the present study is low in these soils. This happens because the major portion of 
N in soil comes from soil organic matter, which itself is very low because of the nature of 
the climate in semi-arid tropics. Nitrogen plays an important role in soil and plant functions. 
It is a well-established fact that the vegetative growth of a plant is primarily governed by soil 
N. Adequate supply of N not only helps in improving the above ground biomass and grain 
yields, but also plays an important role in improving the below ground biomass by way of 
contributing more root biomass. This, in turn, is crucial for improving SOC and influencing 
the mineralization and immobilization processes and other rhizosphere activities, ultimately 
leading to improved functional capacity of soil. Further, among the chemical soil quality 
indicators, DTPA-extractable Zn and Cu have also emerged as important key indicators, 
contributing about 25.3% and 8.6%, respectively, towards relative SQI. Since the soils in 
the present study were slightly acidic in reaction, these 2 elements play a crucial role in 
influencing the soil and plant functions. Among the biological soil quality indicators, MBC 
emerged as the key indicator contributing about 28.5% towards SQI. Soil microbial biomass 
is a labile source and sinks of nutrients influencing predominant soil functions such as nutrient 
availability and their cycling and is a good indicator of potential microbial a (Myrold, 1987). 
Therefore, any management practice which helps in improving MBC in soil would definitely 
contribute towards aggradation or improvement of soil quality. Among the set of physical soil 
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quality indicators, MWD and HC qualified as the key indicators, contributing about 2.9% 
and 6.1%, respectively, towards soil quality indices. It is well established that MWD is an 
index presenting the structure of soil and the quality of organic inputs as well as the quantity 
(Tisdall and Oades, 1982). However, MWD is mostly affected by quantity of organic matter, 
types of clays, wetting and drying, freezing and thawing, types and amounts of electrolytes, 
biological activity, cropping systems, and tillage practices (Arshad et al., 1996). Further, HC 
also has importance for these soils, as it influences the predominant soil functions such as 
water infiltration rate, aeration, porosity, conductance, and transmission of water, etc., and 
could be a good predictor of soil quality. Keeping in view the foregoing discussion, the set of 
key indicators qualified in the present study was considered as the most relevant to compute 
soil quality for these soils under sorghum-greengram system. ( The part of the results of this 
section have been published earlier in a Research Journal (Sharma et al., 2008))

3.1.4. Crop Yield and Sustainability

The data on grain yields of sorghum and greengram as influenced by soil management 
practices individually and as a result of their interactive effects during the year 2010 is 
presented in Tables 15, 16 & Fig. 6, 7, 8 & 9. During 2010, both tillage as well as conjunctive 
nutrient use treatments showed a significant influence on sorghum as well as greengram 
yields while their interaction effects were non-significant. Among the nutrient management 
treatments, conjunctive application of compost and urea performed best and recorded 
significantly highest sorghum and greengram yields as well as agronomic efficiency under 
both conventional and reduced tillage. On an average, reduced tillage performed superior 
over the conventional tillage by 10.7 and 1.6% in terms of sorghum and greengram yields 
respectively. The sorghum grain yields varied from 333 to 2271 kg ha-1 while the greengram 
grain yields varied from 830 to 1579 kg ha-1 across the tillage and nutrient management 
treatments. The yields between control plot and the plots receiving nutrient management 
treatments showed a drastic significant difference in both sorghum and greengram crops with 
the differences being very high for sorghum than greengram. The highest average sorghum 
grain yields were observed under application of 4 t compost + 20 kg N through urea (2183 
kg ha-1) followed by 2 t Gliricidia loppings + 20 kg N through urea (2120 kg ha-1) and were 
substantially and significantly higher over the control respectively. This could be due to the 
reason that the control plots have been significantly depleted in soil fertility and soil quality 
over years, and the treated plots have been improved in this regard. In case of greengram, 
both application of 2 t compost + 10 kg N through urea (1559 kg ha-1) and 2 t compost + 1 
t Gliricidia loppings (1516 kg ha-1) recorded significantly higher yields over control (Fig. 54). 
Agronomic efficiency for sorghum crop varied from 34.9 to 47.4 kg grain kg-1 N (Fig. 53), 
while it varied from 19.8 to 35.6 kg grain kg-1 N for greengram crop across the treatments 
(Fig. 55). 
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Table 15: Effect of tillage and INM treatments on sorghum (SPV-462) grain yields and 
agronomic efficiency 

Tillage INM Treatments equal to 40 kg N ha-1 Grain yields
(kg ha-1)

Agronomic Efficiency 
(kg grain kg-1 N)

CT

T1 = Control 333

T2 = 40 kg N through urea 1967 40.8

T3 = 4 t compost + 20 kg N through urea 2096 44.1

T4 = 2 t Gliricidia loppings + 20 kg N through urea 2044 42.8

T5 = 4 t compost + 2 t Gliricidia loppings 1727 34.9

MT

T1 = Control 377

T2 = 40 kg N through urea 2164 44.7

T3 = 4 t compost + 20 kg N through urea 2271 47.4

T4 = 2 t Gliricidia loppings + 20 kg N through urea 2195 45.5

T5 = 4 t compost + 2 t Gliricidia loppings 2030 41.3

LSD 
(0.05)

Between tillage means 127.1

Between treatment means 210.9

Between two treatment means at same tillage NS

Between two treatment means at same or different treatments NS

Table 16: Effect of tillage and INM treatments on greengram (ML 267) grain yield and 
agronomic efficiency 

Tillage INM Treatments equal to 20 kg N ha-1 Grain yields
(kg ha-1)

Agronomic Efficiency 
(kg grain kg-1 N) 

CT T1 = Control 830

T2 = 20 kg N through urea 1320 24.5

T3 = 2 t compost + 10 kg N through urea 1579 37.4

T4 =1 t Gliricidia loppings + 10 kg N through urea 1227 19.8

T5 = 2 t compost + 1 t Gliricidia loppings 1541 35.6

MT T1 = Control 863

T2 = 20 kg N through urea 1356 24.6

T3 = 2 t compost + 10 kg N through urea 1539 33.8

T4 = 1 t Gliricidia loppings + 10 kg N through urea 1352 24.4

T5 = 2 t compost + 1 t Gliricidia loppings 1491 31.4

LSD 
(0.05)

Between tillage means 20.48

Between treatment means 215.9

Between two treatment means at same tillage NS

Between two treatment means at same or different treatments NS
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Fig. 6: Sorghum (SPV-462) grain yields as influenced 
by tillage and INM treatments 

Fig. 7: Agronomic efficiency of sorghum crop as 
influenced by various nutrient management treatments

Fig. 8: Greengram (ML 267) grain yields as influenced 
by tillage and INM treatments 

Fig. 9: Agronomic efficiency of greengram crop as 
influenced by various nutrient management treatments 

3.2. Effect of Soil Management Practices on Major Soil Chemical N Fractions  
(N pools) 
In order to study the influence on different N-fractions, Soil samples were collected from 
the experimental site from 0–20 cm depth. Different fractions of N, viz., nitrate (NO3-)N, 
exchangeable ammonium (NH4+)-N, hydrolyzable-N, non hydrolyzable-N, amino acid-N, 
hexoseamine- N, and unidentified-N were determined from the soil samples passed through 
2 mm sieve following the fractionation scheme as outlined by Bremner (1965). The long-
term effect of soil management practices on hydrolyzable and non-hydrolyzable nitrogen 
fractions was also studied under this experiment. It was observed that almost all the N 
fractions were significantly influenced either by tillage or conjunctive nutrient management 
treatments or by their interaction effects. The inorganic N fractions included exchangeable 
ammonical N and nitrate-N. Exchangeable NH4–N varied from 19.9 to 28.3 mg kg−1, 
while nitrate-N varied from 8.70 to 15.1 mg kg−1 across the tillage and conjunctive nutrient 
management treatments. It was observed that the tillage practices as well as the interaction 
effects did not show any significant influence on the inorganic N fractions. However, the 
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nutrient management treatments exhibited a significant effect. Of the nutrient management 
treatments, application of N through urea recorded significantly highest exchangeable 
NH4-N (27.5 mg kg−1) which was at par with the treatments receiving 2 t Gliricidia loppings 
+ 20 kg N through urea (26.1 mg kg−1), while the control plot recorded only 19.9 mg kg−1 
of exchangeable NH4-N. In the treatments, where nitrogen applied only through fertilizers, 
exchangeable NH4+-N contents was low probably because of leaching loss (Duraisami  
et al., 2001).

The use of 2 t Gliricidia loppings + 20 kg N through urea recorded significantly higher 
nitrate-N (15.0 mg kg−1) compared to other nutrient management treatments, while the 
control plot recorded only 9.14 mg kg−1 of nitrate-N. This could be attributed to increased 
microbial activity that might have enhanced nitrification process with a reduction in leaching 
losses (Benbe et al.,  1991; Udaysoorian et al., 1989). 

The organic N fractions were estimated in terms of total hydrolyzable-N which were 
comprised of hydrolyzable NH4-N, hexosamine-N, amino acid-N, and unidentified-N. Total 
hydrolyzable-N in these Alfisol soils varied from 344.9 to 613.8 mg kg−1 and was significantly 
influenced both by tillage and by conjunctive nutrient management treatments (Table 17). 
MT recorded significantly highest amount of total hydrolyzable-N (543.1 mg kg−1), while CT 
recorded total hydrolyzable-N to the extent of 507.7mg kg−1. Among the nutrient management 
treatments, sole organic treatment, viz., 4 t compost + 2 t gliricidia loppings, recorded 
significantly highest total hydrolyzable-N (601.4 mg kg−1) which was almost at par with 4 t 
compost + 20 kg N through urea (592.1 mg kg−1) followed by the other two treatments. The 
control plot recorded total hydrolyzable-N to the extent of 359.8 mg kg−1. From the data 
on total hydrolysable –N, it was clear that both hydrolysable NH4-N and hexosamine-N 
were significantly influenced both by tillage and by nutrient management practices, while 
their interaction effects did not show any significant influence. In case of amino acid and 
unidentified-N, conjunctive nutrient management treatments showed a significant impact. 
Hydrolyzable NH4-N varied from 52.7 to 87.0 mg kg−1 across the treatments; sole organic 
nutrient treatment, viz., 4 t compost + 2 t gliricidia loppings, recorded significantly highest 
hydrolyzable NH4-N (85.6 mg kg−1) which was at par with 2 t Gliricidia loppings + 20 kg N 
through urea (81.5 mg kg−1). These findings are in corroboration with those earlier reported 
by Umesh et al. (2014). The contents of hexosamine-N fractions varied from17.9 to 39.1mg 
kg−1 across the treatments and were highest in treatments receiving 4 t compost + 20 kg N 
through urea (37.8 mgkg−1) and 4 t compost + 2 t gliricidia loppings (35.6 mg kg−1) followed 
by the other treatments. This could be due to organic matter build-up which facilitates organic 
nitrogen accumulation in soil (Asami and Hara 1970). Amino acid-N and unidentified-N 
fractions which were solely influenced by the conjunctive nutrient management treatments 
and varied from 205.8 to 347.8 mg kg−1 and 54.8 to 153.1 mg kg−1, respectively, across the 
management treatments. With respect to amino acid-N content, all the conjunctive nutrient 
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management treatments were at par with each other. However, in case of unidentified-N, 
the sole organic nutrient treatment, viz., 4 t compost + 2 t gliricidia loppings, recorded 
higher unidentified-N (147.2 mg kg−1) which was at par with 4 t compost + 20 kg N through 
urea (144.5 mg kg−1). The plots receiving 40 kg N through urea recorded relatively lower 
unidentified-N (98.0 mg kg−1) (Table 18). The fixed ammonical N which remains in the clay 
lattices ranged from 104.1 to 137.1 mg kg−1 across the treatments and was significantly 
influenced only by the conjunctive nutrient management practices; however, tillage practices 
and even the interactions did not reveal any significant effect. Earlier studies have revealed 
that organic amendments significantly increased all the chemical N fractions (Kamat et al., 
1982; Sharma and Verma, 2001; Sihag et al., 2005).

Table 17: Effect of soil management practices on nitrogen fractions (mg kg-1)

Tillage Integrated nutrient management 
treatments equal to 40 kg N ha-1

Exch 
NH4-N

Nitrate 
-N

Total
Hydrolysable-N

Hydrolyzable
NH4-N

Hexosamine 
-N

CT

T1= Control 19.9 9.60 344.9 52.7 17.9

T2= 40 kg N through urea 28.3 14.8 517.2 73.7 23.3

T3= 4 t compost + 20 kg N 25.8 13.2 572.9 73.9 36.5

T4=2 t Gliricidia loppings + 20 kg 
N

26.1 15.0 514.4 79.8 28.5

T5= 4 t compost + 2 t gliricidia 
loppings

25.7 14.6 588.9 84.1 33.3

MT

T1= Control 19.9 8.70 374.7 58.2 22.2

T2= 40 kg N through urea 26.7 13.1 544.4 78.5 25.9

T3= 4 t compost + 20 kg N 25.7 13.5 611.3 79.4 39.1

T4= 2 t Gliricidia loppings + 20 
kg N

26.2 15.1 571.3 83.1 32.7

T5= 4 t compost + 2 t gliricidia 
loppings

25.5 13.2 613.8 87.0 37.8

LSD 
(0.05)

Between tillage means NS NS 15.9 3.24 2.88

Between treatment means 2.52 2.45 20.2 5.98 6.37

Between two treatment means at 
same tillage

NS NS NS NS NS

Between two treatment means at 
same or different treatments

NS NS NS NS NS

3.2.1. Effect on Availability Pool of N and Total N

In the present study, available N in soils varied from 160 to 328 kg ha−1 across the treatment 
combinations. MT recorded 9.6% higher available N compared to CT over a period of 13 
years. Conjunctive nutrient management and interactions did not significantly influence the 
available content in soil. The total N in the soil varied from 1381.2 to 1811.4 kg ha−1 across 
the treatments.
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Table 18: Effect of soil management practices on N fractions, available N and total N 

Tillage Integrated nutrient management 
treatments equal to 40 kg N ha-1

Amino 
acid-N

(mgkg-1)

Unidentified
N  

(mg kg-1)

Fixed
Ammonical N 

(mg kg-1)

Available 
N  

(kg ha-1)

Total N
(kg ha-1)

CT

T1= Control 205.8 68.4 104.1 160.3 1381.2

T2= 40 kg N through urea 310.5 109.7 124.2 277.6 1595.1

T3= 4 t compost + 20 kg N 324.1 138.4 120.7 293.5 1705.7

T4= 2 t Gliricidia loppings + 20 kg N 304.8 101.4 120.5 288.0 1704.0

T5=4 t compost + 2 t gliricidia loppings 318.3 153.1 112.7 291.0 1742.3

MT

T1= Control 239.5 54.8 106.0 174.8 1454.3

T2= 40 kg N through urea 347.1 93.0 137.1 301.0 1671.8

T3= 4 t compost + 20 kg N 344.9 147.9 126.5 324.8 1785.7

T4= 2 t Gliricidia loppings + 20 kg N 323.4 132.1 126.2 307.0 1735.7

T5=4 t compost + 2 t gliricidia loppings 347.8 141.2 117.5 328.8 1811.4

LSD 
(0.05)

Between tillage means NS NS NS 9.37 30.1

Between treatment means 24.4 28.1 11.3 19.2 90.2

Between two treatment means at same 
tillage

NS NS NS NS NS

Between two treatment means at same 
or different treatments

NS NS NS NS NS

3.2.2. Effect of Nitrogen Chemical Fractions on N Availability Pool and Total N in Soil on 
Crop Yields

The effect of nitrogen chemical fractions was studied on available and total N pool in soil and 
yields of greengram and sorghum crops by establishing the simple correlations coefficients. 
The correlations between N fractions and available N as well as total N were found to 
be significant (p = 0.05). Among the hydrolyzable-N fractions, the highest correlation of 
available N was found with amino acid-N (0.921) followed by hydrolyzable ammonical N 
(0.862). Earlier, Umesh et al. (2014) also observed similar results. Similar results were also 
obtained with total N. This study clearly indicated that there exists a significant correlation 
between N fractions and yield of sorghum, where the coefficient of correlation varied from 
0.485 to 0.770. The highest value of “r” (0.770) was observed between sorghum yield and 
hydrolyzable ammonical N, while the lowest was observed with fixed ammonical N (Table 
19). Similarly, all the N fractions were found to be significantly correlated with greengram 
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yield. The values of coefficient of correlation varied from 0.414 to 0.745, the highest being 
observed with hydrolyzable ammonical N and the lowest with fixed ammonical N. Rao and 
Ghosh (1981) also showed a positive and significant correlation of hydrolyzable NH4 -N and 
hexoseamine-N with yield and N content in a pearl millet-wheat-cowpea cropping. Similar 
results were obtained with total N.

3.2.3. Quantum of Contribution of Chemical Soil N Fractions to Soil Available N

In order to establish a quantitative relationship between chemical N fraction and soil 
available N, multiple regression functions were fitted between available N (Y available N) 
as dependent variable and soil chemical N fractions as independent variables (Eq. (1)). A 
significant relationship between available N and chemical N fractions has been observed 
(coefficient of determination: R2 = 0.95, p = 0.01), which indicates that simultaneous 
influence (contribution) of different soil chemical N fractions was substantial and significant 
toward soil available N. From the magnitude of the individual or partial regression 
coefficients of different fractions, it was found that the order of contribution of different 
chemical N fractions toward available N was: exch. ammonical N (4.12) > nitrate-N (2.73) 
> hexosamine-N (2.07) > amino acid-N (0.53) > hydrolyzable ammonical N (0.173) > 
fixed ammonical N (0.118) > unidentified-N (0.091). This implies that these chemical N 
fraction help in maintaining the available N supply to the growing crops in a particular 
proportion by way of transformation reactions during the process of mineralization.

Y available N = -127.49 = 4.12 (exch ammonical N) + 2.73(nitrate -N) + 0.173(hydrolyzable 
ammonical - N) + 2.07(hexosamine - N) + 0.53(amino acid - N) + 0.118 (fixed ammonical- 
N) + 0.091 (unidentified – N)…. (R2 = 0:95). The part of results presented in this section 
have been published earlier in a Research Journal (Sharma et al., 2016). 

Table 19: Correlation coefficients (r) of N fractions with available N, total N and crop 
yields

N fraction Available N Total N Sorghum Yield Greengram Yield

Exch. NH4-N 0.769** 0.582** 0.730** 0.658**

Nitrate-N 0.693** 0.580** 0.756** 0.669**

Hydrolyzable NH4-N 0.862** 0.870** 0.770** 0.745**

Hexosamine-N 0.706** 0.680** 0.489** 0.638**

Amino acid-N 0.921** 0.829** 0.759** 0.676**

Fixed Ammonical-N 0.556** 0.447* 0.485** 0.414*

Unidentified hydrolysable-N 0.727** 0.676** 0.637** 0.729**

*Significant at p = 0.01; ** significant at p = 0.05.
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3.3. Long-term Pooled Effects on Crop Yields 

Pooled analysis for both sorghum and greengram grain yield data obtained over a period of 
12 years (including one year crop failure) has been done to study performance trend of tillage 
as well as the integrated nutrient management treatments in terms of crop yields. 

The data on pooled analysis for sorghum crop is presented in Table 20 & Figs 10 to 
11. From the perusal of the data, it was observed that the crop yields were significantly 
different over the years. The overall sorghum grain yields varied between 1162 to 1929 
kg ha-1 with an average yield of 1486 kg ha-1 during the period of 12 years in these rainfed 
Alfisol soils. Of all the years, the sorghum grain yields were highest during the year 2002 
(1929 kg ha-1) followed by the year 2010 (1721 kg ha-1) while the years 2009 (1162 kg 
ha-1) and 2005 (1165 kg ha-1) recorded the lowest grain yields. Tillage practices as well 
as the nutrient management treatments also showed a significant influence on sorghum 
grain yields. Of the tillage practices, when averaged over years as well as the nutrient 
management practices, it was observed that conventional tillage maintained higher yields 
(1566 kg ha-1) to an extent of 11.4% over the reduced tillage (1406 kg ha-1) practice Though 
it has been established earlier that reduced tillage performs better than the conventional 
tillage in terms of crop yields over the years, in rainfed Alfisols, it could not establish 
its superiority, may be because of lack of adequate amount of crop residue left over the 
surface. Moreover in tropical soils, rapid decomposition of the organic residues owing to the 
prevailing higher temperatures and erratic rainfall hinders the beneficial effects of reduced 
tillage. Moreover, in this hard setting type compacted soils, reduced tillage may not help in 
adequate infiltration of water until good amount of crop residue is left on the surface. The 
five nutrient management treatments also showed a significant influence on sorghum grain 
yields over 12 years. It was observed that, among the nutrient management treatments, 
when averaged over years as well as tillage, application of 2 t Gliricidia loppings + 20 
kg N through urea to sorghum crop recorded significantly highest sorghum grain yield of 
1711.6 kg ha-1 followed by both application of 4 t compost + 20 kg N through urea (1674 
kg ha-1) as well as 40 kg N through urea (1634 kg ha-1) and were at par with each other. 
The sole organic treatment viz., 4 t compost + 2 t Gliricidia loppings recorded relatively 
lower yield compared to the other INM treatments (1610 kg ha-1). The per cent increase in 
sorghum grain yields under all the nutrient management treatments over the control were: 
T4 =2 t Gliricidia loppings + 20 kg N through urea (113.8%) > T3 = 4 t compost + 20 kg 
N through urea (109.2%) = T2 = 40 kg N through urea (104.1%) > T5 = 4 t Compost+ 
2 t Gliricidia loppings (101.2%).
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Table 20: Long-term effects of tillage and integrated nutrient management on sorghum 
grain yield and agronomic efficiency (A.E.) from 1998 to 2011

Treat-
ments 

Sorghum bean yields (kg/ha)

1998 1999 2000 2001 2002 2004 2005 2006 2007 2008 2009 2010 2011 Pooled 
Yield SYI

AE  
(Kg/grain/

kg N)

CTT1 1067 1035 1114 900 923 795 816 827 869 708 701 333 877 843 0.27 -

CTT2 1675 1624 1760 1680 2344 2006 1596 1845 1613 1466 199 1967 1141 1678 0.56 20.9

CTT3 1665 1458 1923 1617 2383 2027 1470 1849 1774 1556 1331 2096 1439 1738 0.60 22.4

CTT4 1645 1871 2002 1950 2367 2003 1427 1827 1890 1578 1414 2044 1276 1792 0.62 23.7

CTT5 1675 1721 1733 1700 1931 1796 1310 1711 1734 1385 1602 1727 1027 1619 0.58 19.4

LTT1 1171 888 867 750 893 704 586 731 917 604 633 377 813 764 0.24

LTT2 1652 1448 1305 1434 2130 1843 1107 1455 1701 1287 1010 2164 1091 1510 0.48 18.6

LTT3 1913 1086 1313 1458 2264 1938 1091 1440 1737 1336 1181 2271 1284 1563 0.48 20.0

LTT4 1540 1235 1451 1542 2132 1931 1120 1434 1789 1393 1297 2195 1168 1556 0.50 19.8

LTT5 1663 1568 1285 1550 1918 1777 1135 1352 1673 1321 1352 2030 1088 1516 0.51 18.8

Tillage (T) 187 118 206 13 270 280 132 57.59 291.1 36.0 55.6 127 42.6 20.5 - -

Treatments 121 114 279 197 192 517 71 102.3 124.6 136 54.3 211 65.4 31.6 - -

Years - - - - - - - - - - - - - 51.0 - -

Y × T - - - - - - - - - - - - - 76.1 - -

Y×Tr - - - - - - - - - - - - - 124.2 - -

T×Tr - - - - - - - - - - - - - 53.4 - -

Y×T×Tr - - - - NS - -

CT: Conventional Tillage : LT - Low Tillage; T1= Control: T2=40kg N through urea, T3= t compost +20kg N 
through urea, T4= 2t Gliricidia loppings+ 20kg N through urea, T5= 4 t compost + 2 t Gliricidia lopping
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Fig. 10: Sorghum average grain yields during  
1998-2010 as influenced by tillage practices 

Fig. 11: Sorghum average grain yield during  
1998-2010 as influenced by INM treatments 

The greengram grain yield data obtained for the period of 12 years was also subjected to 
pooled analysis and the results are presented in Table 21 & Fig. 12 to 14. From the data, it was 
observed that the average greengram grain yields were significant over the years and varied 
from 459 to 1310 kg ha-1 across the 12 years period with an average yield of 860 kg ha-1. 
The lowest greengram grain yield was observed during the year 2000 (459 kg ha-1) while the 
years 2010 and 2004 recorded higher yields of 1310 and 1204 kg ha-1 respectively. Similar to 
sorghum, conventional tillage showed a significant influence on greengram grain yields (888 
kg ha-1) which was higher by 6.7% compared to reduced tillage which recorded greengram 
grain yields to the extent of 832 kg ha-1. The nutrient management treatments also showed a 
significant influence on greengram grain yields. Among all the treatments, 2 t compost + 10 
kg N through urea and 2 t compost + 1 t Gliricidia loppings performed significantly well and 
recorded similar yields of 960 kg ha-1 followed by 1 t Gliricidia loppings + 10 kg N through 
urea which recorded greengram yields of 930 kg ha-1. Sole application of urea maintained 
lower greengram yield of 862 kg ha-1 among the nutrient management treatments. When 
compared to control, the per cent increase in greengram grain yields under all the nutrient 
management treatments were: T3 = 2 t compost + 10 kg N through urea (64%) = T5 = 2 t 
compost + 1 t Gliricidia loppings (64%) = T4 =1 t Gliricidia loppings + 10 kg N through 
urea (59%) > T2 = 20 kg N through urea (47%).  The long-term yield trends of greengram 
as influenced by tillage revealed that after 12th year of the study, the performance of reduced 
tillage on an average, was coming near to that of conventional tillage with slight fluctuation 
depending upon the rainfall distribution during the cropping season. This trend indicated 
that in case of legume like greengram, the probability of success of reduced tillage is quite 
higher in rainfed Alfisol soil which is susceptible to hard setting and compaction. Hence, this 
finding raises the hope of success of reduced tillage practices in rainfed semi-arid tropical 
soils.  
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Fig. 12: Greengram average grain yield during 1998-
2010 as influenced by tillage and INM treatments 

Fig. 13: Greengram average grain yields during 1998-
2010 as influenced by tillage practices

Fig. 14: Greengram average grain yields during 1998-2010 as influenced by INM treatments

3.4. Sustainability Yield Indices (SYI) and Agronomic Efficiency (AE)

The Sustainability Yield Index (SYI) of the management treatments were also computed using 
the following relationship: 

SYI =
Y - σ

Ymax

Where Y was average yield of a treatment; σ was treatment standard deviation and Ymax was 
maximum yield in the experiment over years.

For sorghum crop, the sustainability yield indices varied from 0.23 to 0.65 while the agronomic 
efficiency ranged from 19.6 to 24.9 kg grain kg-1 N across the management treatments under 
both conventional and reduced tillage (Fig. 15 and 16). When averaged over the treatments, 
conventional tillage maintained the highest SYI (0.55) as well as agronomic efficiency (18.1 
kg grain kg-1 N) compared to reduced tillage with an average SYI of 0.45 and agronomic 
efficiency of 16.2 kg grain kg-1 N. When averaged over the tillage effects, application of 2 
t Gliricidia loppings + 20 kg N through urea maintained the highest SYI (0.59) as well as 
agronomic efficiency (22.8 kg grain kg-1 N) followed by other treatments. Among all the 
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treatments, practice of conventional tillage + application of 2 t Gliricidia loppings + 20 kg 
N through urea in case of sorghum crop recorded significantly highest SYI (0.65) as well as 
AE (24.9 kg grain kg-1 N).

For greengram crop, the sustainability yield indices varied from 0.24 to 0.46 while the 
agronomic efficiency varied from 13.3 to 20.3 kg grain kg-1 N across the management 
treatments under both conventional and reduced tillage plots (Figs 15 & 16). In greengram 
crop, similar to sorghum, when averaged over the treatments, conventional tillage maintained 
higher SYI (0.41) as well as agronomic efficiency (14.2 kg grain kg-1 N) as compared to 
reduced tillage which maintained SYI of 0.35 and AE of 13.2 kg grain kg-1 N. 

When averaged over the tillage effects, both application of 2 t compost + 1 t Gliricidia 
loppings as well as 2 t compost + 10 kg N through urea more or less maintained similar 
level of SYI and AE compared to other treatments. Among all the treatments, practice of 
conventional tillage + 2 t compost + 10 kg N through urea maintained higher SYI (0.46) 
and higher agronomic efficiency (20.3 kg grain kg-1 N) under greengram crop. The part of the 
results presented in this setion have been published earlier in a Research Journal (Sharma et 
al., 2009).

Fig. 15: Average sustainability yield indices of 
sorghum and greengram as influenced by tillage and 

INM practices over a period of 12 years 

Fig. 16: Agronomic efficiency of sorghum and 
greengram as influenced by tillage and INM practices 

over a period of 12 years 

3.5. Profitability and Economics 
In order to identify the profitability and energy use efficiency of the INM treatments, pooled 
data for both sorghum and greengram as depicted in the tables in previous section was used. 
The results of the study are presented below:  

3.5.1. Profitability and Economics of Soil and Crop Management Treatments in Sorghum

In case of sorghum crop, the total input cost across the tillage and INM treatments studied 
on long term basis varied from Rs. 8,713 to Rs. 15,553 (Fig. 17). The input cost was 
significantly higher with conventional tillage practices compared to minimum tillage. The 
lesser input cost was due to the reduced number of tillage operations under minimum 
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tillage compared to conventional tillage. Irrespective of tillage, among the INM treatments, 
significantly higher input cost (Rs. 13,842) was recorded with the application of 4 t compost 
+ 2 t Gliricidia loppings (T5). Though it was totally organic treatment, the higher input cost 
incurred in this case was due to employment of more no. of manpower for preparation, 
spreading and application of compost as well as Gliricidia loppings into the experimental 
plots. In case of conventional tillage, the total input cost was significantly higher  
(Rs. 15,553) in T5 treatment followed by application of 4 t compost + 20 kg N through urea 
(T3) (Rs. 14,523) (Table 22). 

It was interesting to note that the gross returns obtained with the tillage and nutrient 
management treatments varied from Rs. 22,315 to 45,916. Significantly higher gross returns 
were observed with conventional tillage (Rs. 38,768) followed by minimum tillage ($ 34,911). 
When the tillage and INM treatments were considered together, significantly higher gross 
returns (Rs. 45,916) were observed with T3 treatment under conventional tillage followed by 
2 t Gliricidia loppings + 20 kg N (T4) (Rs. 44,239). Similarly, net returns obtained with tillage 
and nutrient treatments varied from Rs. 12,847 to Rs. 31,393. Conventional tillage recorded 
significantly higher net returns (Rs 25,082) compared to minimum tillage (Rs. 24,646). The 
net returns obtained were significantly higher with application of 4 t compost + 20 kg N  
(Rs. 30,262) followed by application of 4 t compost + 2 t Gliricidia loppings (Rs. 29, 446).

Fig. 17: Effect of tillage and INM treatments on input 
cost and gross returns in sorghum 

Fig. 18: Effect of tillage and INM treatments on benefit 
cost ratio in sorghum 

The BCR varied from 1.06 to 3.00 across the treatments wherein the significantly higher 
BCR (3.0) was obtained with application of 40 kg N through urea followed by application 
of 2 t Gliricidia loppings + 20 kg N (2.77) (Fig. 18). The higher BCR under minimum tillage 
treatment is due to lesser total input cost

3.5.2. Profitability and Economics of Soil and Crop Management Treatments in Greengram

In case of greengram crop, the total input cost varied from Rs. 8,788 to Rs. 14,008 across 
the treatments. The total input cost was significantly less (Rs. 9,600) with minimum tillage 
compared to conventional tillage (Rs. 13,020) which was attributed to  reduced no. of tillage 
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operations. The INM treatments significantly 
varied in terms of total input cost. Significantly 
higher input cost was incurred with application of 
2 t compost + 1 t Gliricidia loppings (Rs. 12,298) 
followed by application of 2 t compost + 10 kg N 
through urea (Rs. 11,694) 22). Gross returns were 
significantly higher (Rs. 47,318) under conventional 
tillage followed by minimum tillage (Rs. 44,560). 
Among the INM treatments, 2 t compost + 10 kg 
N through urea obtained significantly higher gross 
returns (Rs. 51,955) followed by T5 treatment 
(Rs. 50,937) (Fig. 19). Of all the treatment combinations, application of 2 t compost + 10 
kg N through urea under conventional tillage obtained significantly higher gross returns  
(Rs. 54,311). The net returns varied from Rs. 22,006 to Rs. 40,907 across the tillage and INM 
treatments.

The benefit cost ratio (BCR) of tillage and INM treatments varied from 1.67 to 4.02 across 
the treatments (Table 23). Highest BCR (4.02) was 
observed with application of 1 t Gliricidia loppings 
+ 10 kg N through urea under minimum tillage 
followed by application of 20 kg N through urea 
(T2) and 2 t compost + 10 kg N (T3) (3.97) (Fig. 20).  
The higher BCR under minimum tillage is due to 
reduced number of tillage operations.

Table 22: Effect of tillage and conjunctive nutrient 
use treatments on economics and profitability 
(Rupees) of sorghum crop

Tillage INM Treatments equal to 40 kg N ha-1 Input Cost Gross returns Net 
Returns

B:C 
ratio

CT 

T1 = Control 12133 24979 12847 1.06

T2 = 40 kg N through urea 12594 40614 28020 2.22

T3 = 4 t compost + 20 kg N through urea 14523 45917 31393 2.16

T4 = 2 t Gliricidia loppings + 20 kg N through urea 13623 44239 30616 2.25

T5 = 4 t compost + 2 t Gliricidia loppings 15553 38091 22538 1.45

MT

T1 = Control 8713 22315 13603 1.56

T2 = 40 kg N through urea 9174 36736 27562 3.00

T3 = 4 t compost + 20 kg N through urea 11103 40234 29131 2.62

T4 = 2 t Gliricidia loppings + 20 kg N through urea 10203 38481 28277 2.77

T5 = 4 t compost + 2 t Gliricidia loppings 12133 36790 24658 2.03

Fig. 19: Effect of tillage and INM treatments on 
input cost and gross returns in greengram 

Fig. 20: Effect of tillage and INM treatments on 
benefit cost ratio in greengram 
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Tillage INM Treatments equal to 40 kg N ha-1 Input Cost Gross returns Net 
Returns

B:C 
ratio

LSD 
(0.05)

Between tillage means 37.4 461 70.7
Between treatment means 67.8 393 33.4
Between two treatment means at same tillage NS 556 47.3
Between two treatment means at same or different 
treatments

NS 644 77.6

Table 23: Effect of tillage and conjunctive nutrient use treatments on economics and 
profitability (Rupees) of greengram crop

Tillage INM Treatments equal to 40 kg N ha-1 Input 
Cost 

Gross 
returns

Net 
Returns

B:C
 ratio

CT

T1 = Control 12209 32640 20431 1.67

T2 = 20 kg N through urea 12439 47534 35094 2.82

T3 = 2 t compost + 10 kg N through urea 13404 54311 40907 3.05

T4 =1 t Gliricidia loppings + 10 kg N through urea 13044 49479 36435 2.79

T5 = 2 t compost + 1 t Gliricidia loppings 14009 52629 38621 2.76

MT

T1 = Control 8789 30795 22007 2.50

T2 = 20 kg N through urea 9019 44839 35820 3.97

T3 = 2 t compost + 10 kg N through urea 9984 49600 39616 3.97

T4 =1 t Gliricidia loppings + 10 kg N through urea 9624 48325 38701 4.02

T5 = 2 t compost + 1 t Gliricidia loppings 10589 49245 38657 3.65

LSD 
(0.05)

Between tillage means 62.9 52.1 72.0

Between treatment means 40.7 41.5 60.2

Between two treatment means at same tillage NS 58.7 85.1

Between two treatment means at same or different treatments NS 70.1 99.4

3.5.3. Long-term Effect on Energy Use in Sorghum

In the present study, input, output energy and 
energy use efficiency of the treatments were also 
studied. It was observed that under conventional 
tillage, the input energy (14803. 5 MJ ha-1) 
required for sorghum crop was higher compared 
to minimum tillage (9491. 5 MJha-1). Among 
the INM treatments, T2 (40 kg N through urea) 
required higher input energy compared to other 
treatments. The maximum input energy was 
significantly higher with T2 under conventional 
tillage. Similarly, the output energy of sorghum 
was significantly influenced by tillage and INM treatments. Output energy of various 
treatments varied from 76938 MJha-1 to 131337 MJha-1. Significantly higher output energy 

Fig. 21: Effect of tillage and conjunctive nutrient use 
treatments on input and output energy in sorghum
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was obtained with conventional tillage (107280 MJ ha-1) compared to minimum tillage 
(96588 MJ ha-1). Application of 4t compost + 20 kg N through urea under conventional 
tillage recorded significantly highest output energy (131337 MJha-1) (Fig.21) across all the 
treatment combinations. 

3.5.4. Energy Use Efficiency (EUE)

EUE was calculated as the ratio between 
removed (crop yield) energy (output energy) and 
input energy (total inputs). This evaluates the 
treatment efficiency in using the support energy 
supplied by crop husbandry.

In the present study, the EUE of the tillage 
and INM treatments varied from 5.56 to 11.4 
(Fig. 22). Both tillage and INM treatments 
significantly influenced EUE in which minimum 
tillage recorded higher EUE (10.16) compared to 
conventional tillage (7.21). When averaged over the tillage treatments, it was found that, 
significantly higher EUE was obtained with application of 4t compost + 20 kg N through urea 
(10.11). Of all the treatment combinations, significantly highest EUE (11.53) was observed 
with application of 4t compost + 20 kg N through urea under minimum tillage which was 
on par with application of 4t compost + 2t Gliricidia loppings (11.4).

3.5.5. Long-term Effect on Energy Use in Greengram

In the present study, input and output energy 
and energy use efficiency were significantly 
influenced by the tillage and INM treatments 
(Table 24). The input energy varied from 8388 
MJ ha-1 to 16124 MJ ha-1. The input energy 
required for conventional tillage (14759.3 
MJ ha-1) was significantly higher compared to 
minimum tillage (9447.3 MJ ha-1) (Fig. 23). 
Of all the INM treatments, significantly higher 
input energy (16124 MJ ha-1) was recorded with 
application of 20 kg N through urea under conventional tillage. The output energy obtained 
with the tillage and conjunctive nutrient use treatments varied from 33179 MJ ha-1 to 57834 
MJ ha-1 across the treatments. Output energy was significantly higher (49665 MJ ha-1) with 
conventional tillage compared to minimum tillage (47691 MJ ha-1). Among the conjunctive 
nutrient treatments, significantly higher output energy was obtained with 2 t compost + 10 
kg N T3 treatment (56077 MJ ha-1) compared to the control (34134 MJ ha-1). 

Fig. 22: Effect of tillage and INM treatments on 
energy use efficiency in sorghum

Fig. 23: Effect of tillage and INM treatments on  
input and output energy in greengram
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The energy use efficiency was significantly 
higher (5.05) with minimum tillage compared 
to conventional tillage (3.36). Application of 
4 t compost + 2t Gliricidia loppings proved 
to significantly superior (5.07) (Fig. 24) in 
terms of energy use efficiency when compared 
to other conjunctive nutrient use treatments. 
The part of the results presented in this section 
have been published earlier in a Research 
Journal (Sharma et al., 2015). 

Table 24: Effect of tillage and INM treatments on input and input energy in Sorghum- 
Greengram

Treatments
Sorghum Greengram

Input energy
(MJ ha-1)

Output energy
(MJ ha-1) EUE Input energy       

(MJ ha-1)
Output energy

(MJ ha-1) EUE

CT

T1 13744.52 76938 5.60 13700.4 35089.0 2.56

T2 16168.52 108578 6.72 16124.4 50264.3 3.12

T3 15097.64 131337 8.70 15053.5 57834.5 3.84

T4 15038.84 120193 7.99 14994.7 50374.6 3.36

T5 13967.96 99355 7.11 13923.9 54764.0 3.93

MT

T1 8432.52 68156 8.08 8388.4 33179.8 3.96

T2 10856.52 98626 9.08 10812.4 48534.7 4.49

T3 9785.64 112928 11.54 9741.5 54321.1 5.58

T4 9726.84 104690 10.76 9682.7 48910.2 5.05

T5 8655.96 98542 11.38 8611.9 53513.8 6.21

CD (0.05)

Tillage 323 775.46 0.10 35.32 264.4 0.065

Treatments 119.4 613.93 0.14 177.98 159.6 0.067

Tillage x 
Treatments

NS 868.24 0.20 NS 225.3 0.094

Sorghum: Control (T1), 40 kg N through urea (T2), 4 t compost + 20 kg N (T3), 2 t Gliricidia loppings + 20 kg N (T4) 
and 4 t compost + 2 t Gliricidia loppings (T5) 

Greengram: Control (no nitrogen) (T1), 20 kg N through urea (T2), 2 t compost + 10 kg N (T3), 1 t Gliricidia loppings 
+ 10 kg N (T4) and 2 t compost + 1 t Gliricidia loppings (T5).

3.5.6. Residual Effect on Nutrient Uptake by Fodder Sorghum Crop

The residual effect of INM treatments was studied by growing exhaustive crop of fodder 
sorghum at the end of the experiment and the nutrient uptake was studied. The data are 
presented as follows:

In the present study, the residual effect of tillage and INM treatments showed significant 
influence on nutrient uptake of fodder sorghum. It was observed that tillage and INM 
treatments showed significant influence on N uptake by fodder sorghum. The N uptake 

Fig. 24: Effect of tillage and conjunctive nutrient use 
treatments on energy use efficiency in greengram



49

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

varied from 61.6 to 123.5 kg ha-1. Minimum tillage 
(103 kg ha-1) significantly influenced N uptake by 
fodder sorghum compared to conventional tillage (79 
kg ha-1) (Fig. 25). The higher uptake of N in minimum 
tillage was due to higher N concentration in the 
biomass compared to conventional tillage. The N 
uptake under minimum tillage was 30% higher over 
conventional tillage. Among the INM treatments, the 
application of 4 t compost + 20 kg N through urea 
(T3) (106 kg ha-1) and 2 t Gliricidia loppings + 20 
kg N through urea (T4) (108 kg ha-1) treatments were 
at par with each other and showed 66% and 69% higher N uptake respectively in sorghum 
fodder crop compared to control (64 kg ha-1). The interaction effects of tillage and INM 
treatments were also found to be significant. 

Minimum tillage (28 kg ha-1) significantly influenced 
P uptake (40%) of sorghum fodder compared to 
Conventional Tillage (20 kg ha-1). Application of 2 
t Gliricidia loppings + 20 kg N through urea (T4) 
significantly increased P uptake (29 kg ha-1) by 
sorghum fodder followed by 4 t compost + 20 kg N 
through urea (T3) (26.5 kg ha-1) compared to control 
(16.3 kg ha-1). The interaction effects of tillage and 
INM treatments were found to be significant. The 
residue effect of minimum tillage and INM treatments 
was significantly higher in P and K uptake by sorghum fodder (Table 25). Minimum tillage 
(65.5 kg ha-1) recorded significantly higher (17%) K uptake by fodder sorghum crop compared 
to conventional tillage (55.9 kg ha-1). The K uptake was found to be significantly higher with 
application of 2 t Gliricidia loppings + 20 kg N through urea (T4) (70.3 kg ha-1) which was on 
par with application of 4 t compost + 20 kg N through urea (T3) (68.7 kg ha-1) ) and was 68% 
and 64% higher compared to control (41.85 kg ha-1).. The residual effect of tillage and INM 
treatments on Ca, Mg and S was also found to be significant. It was also observed that the 
interaction effects of tillage and INM treatment with respect to Calcium, Magnesium uptake 
was found to be significant (Fig. 26). 

Apart from primary and secondary nutrients, tillage and INM treatments significantly 
influenced micronutrients (Fe, Cu, Zn, Mn, and B) uptake by fodder sorghum crop (Table 
25). The micronutrients uptake was found significantly higher with the application of 2 t 
Gliricidia loppings + 20 kg N through urea (T4). The interaction effects of tillage and INM 
treatments were also found to be significant. 

Fig. 25: Effect of tillage and INM treatments  
on NPK uptake by sorghum fodder

Fig. 26: Effect of tillage and INM treatments on 
secondary nutrient uptake by sorghum fodder
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Table 25: Effect on primary and secondary nutrient uptake (kg ha-1) by sorghum fodder

Tillage INM Treatments N 
kg ha-1

P
kg ha-1

K
kg ha-1

Ca
kg ha-1

Mg
kg ha-1

S
kg ha-1

MT

T1 = Control 66.4 16.7 42.7 24.8 13.8 7.5
T2 = 40 kg N through urea 95.1 28.8 59.9 33.7 20.0 10.4
T3 = 4 t compost + 20 kg N through urea 123.5 30.5 61.6 50.9 32.3 12.7
T4 = 2 t Gliricidia loppings + 20 kg N through 
urea

118.6 33.2 78.4 56.0 36.3 12.6

T5 = 4 t compost + 2 t Gliricidia loppings 111.4 28.7 85.4 54.3 36.8 12.1

CT

T1 = Control 61.6 16.0 41.0 18.7 10.5 6.6
T2 = 40 kg N through urea 66.4 18.7 52.9 22.1 12.5 6.8
T3 = 4 t compost + 20 kg N through urea 88.9 22.5 75.8 26.5 15.5 8.0
T4 = 2 t Gliricidia loppings + 20 kg N through 
urea

97.0 25.0 62.4 32.7 19.2 9.8

T5 = 4 t compost + 2 t Gliricidia loppings 81.1 17.7 47.7 26.2 15.3 9.1

LSD 
(0.05)

Between tillage means ** * * ** ** *
Between treatment means ** ** ** ** ** **
Between two treatment means at same tillage ** ** ** * ** NS
Between two treatment means at same or 
different treatments

** ** ** * ** NS
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Plate: Field view of sorghum and greengram crops in sorghum- greengram system

3.6. Conclusions
In any crop production system, optimum soil physical health is very important for efficient 
utilization of nutrients. Water present in soil profile is needed by plant roots and also provides 
physical support to plants. In conventional tillage system, continuous use of farm machineries 
over the years develop a sub-surface hardpan, which hampers water movement and root 
penetration, resulting in decline in crop performance. Moreover, continuous use of machineries 
also pulverizes the upper surface making the soil more prone to erosion. In conservation 
agriculture, successive addition of crop residues over the years increases soil organic matter. In 
the beginning, the increase in organic matter is confined to the upper soil layer, but over time, 
it extends to deeper soil layers also. It plays an important role in improving various soil–water 
characteristics, and stabilizing the soil temperature. In many soils across the world which are 
low in crop productivity, maintaining permanent soil cover through crop residues and cover 
crops can help in restoring soil organic matter and consequently improving in soil physical 
properties. Suitable crop rotation is an important feature of conservation agriculture, which also 
helps in improving many soil physical properties and reducing soil erosion. The total impact of 
CA system on soil physical health varies location-to-location and is dependent on soil inherent 
properties, site limitations, period of time under CA system, per cent soil disturbance, nature 
of the crop, intensity of the crop rotation, type of cover crops, per cent of total surface area 
covered by crop residues, soil moisture regime, soil temperature, and other prevailing climatic 
factors of a particular region. Hence, CA is a site-specific technology and all three components 
of CA, viz. minimum or no-tillage, crop residue and crop rotation significantly impact soil 
physical health. Thus, systematic conservation agriculture is a panacea to cure the soil of its 
many physical health disorders on a long term basis.

Present study clearly indicated that available N, DTPA-Zn and Cu, MBC, MWD, and HC 
were the key indicators of ‘soil quality’ in a semi-arid tropical rainfed Alfisol. These indicators 
greatly influenced the soil functions and overall soil quality, which in turn influenced the 
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functional goals such as mean yields and SYIs of sorghum and greengram, and SOC. Among 
the sub treatments, application of sole organic treatment (4 Mg compost + 2 Mg Gliricidia 
loppings) emerged as the best combination in maintaining the highest SQI under both 
conventional and reduced tillage. However, the order of general performance of treatments

Plate: Field view of sorghum and greengram crops in sorghum- greengram system

in influencing SQI was T5 > T4 = T3 > T2 > T1, indicating that sole organic treatment 
performed better, followed by conjunctive nutrient use treatments. These findings would 
help in providing advice to the growers/farmers to choose suitable soil-nutrient management 
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practices and to improve these dynamic indicators for enhancing soil quality to achieve 
desired functional goals.

In the present study, it was clearly observed that 50% of the fertilizer N required by sorghum 
and greengram could be saved by following INM treatments using farm based organics. 
Significantly higher BCR ratio under sorghum and greengram could be achieved through 
INM treatments. The practice of cultivating sorghum and greengram under low tillage with 
low cost farm based organics reduced the input of energy and fertilizer use in semi-arid 
Alfisols. Beside these benefits, the present study will help in conserving the soil resource, 
improving its fertility and quality on long term basis.
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Effect of Graded Levels of Surface 
Residue Application under Minimum 
Tillage in Sorghum-Cowpea Cropping 

System in Rainfed Alfisols
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1. Introduction
There is a strong scientific consensus that the earth’s climate has changed and will continue 
to change as human activities increase the concentrations of greenhouse gases in the 
atmosphere. World population is increasing day by day and at the same time soil and water 
resources are threatened due to natural resource degradation and climate change. The recent 
report of the Intergovernmental Panel on Climate Change (IPCC) has clearly brought out that 
the warming of the climate system is unequivocal and it is very likely” caused by natural and 
human activities. Various scholars reported that climate change affects hydrological cycle or 
water cycle components, especially precipitation, evapo-transpiration, temperature, stream 
flow, ground water and surface runoff. A change in climate can alter the spatial and temporal 
availability of soil and water resources. These changes in turn will result in increased floods 
and drought, which will have significant impacts on the soil and water resource availability. 
Soils are complicatedly linked to the climate system through nitrogen, the carbon, and 
hydrologic cycles. Because of change in climate, several soil processes and properties 
will be affected. Along with changes in temperature, climate change will bring changes in 
global rainfall amounts and distribution patterns. And since temperature and water are two 
factors that have a large influence on the processes that take place in soils, climate change 
will therefore cause changes in the world’s soils. Water resources management can help to 
counter balance effects of climate change on stream flow and water availability until a certain 
level. 

It is being repeatedly emphasised that climate change will have serious impact on soil 
processes and properties. Climate is one of the most important factors affecting the formation 
of soil with important implications for their development, use and management perspective 
with reference to soil structure, stability, and topsoil water holding capacity, nutrient 
availability and erosion. Soil properties that could be modified by climate change would 
be organic carbon content, characteristics of soil biota, moisture and temperature regimes 
and processes such as erosion, salinization or physical, chemical or biological fertility. The 
climatic parameters driving these changes would be temperature, rainfall (quantity, intensity 
and temporal distribution), together with atmospheric chemistry, especially carbon dioxide 
and nitrogen and sulphur compounds due to the increase in temperature and drought. 

Specifically, the climate change will impact the soils as follows:

�� Erosion with excessive torrential rains

�� Loss of organic matter, clay and nutrients from top soil layers

�� Leaching of nutrients and pollutants to ground water

�� Acceleration in decomposition of organic matter and loss of SOC

Effect of Graded Levels of Surface Residue 
Application under Minimum Tillage in Sorghum- 

Cowpea Cropping System in Rainfed Alfisols
2
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�� Breakage of soil aggregates with rainfall and loss of entrapped organic carbon.

�� Carbon emissions with high temperature owing to higher microbial activity and 
decomposition.

�� Higher root respiration.

�� Rapid rate of mineralization, nutrient losses through volatilization and leaching.

�� Exposure of buried organic carbon from soil due to temperature rises in permafrost 
soils. 

�� Intrusion of sea water into main land due to rise in water table leading to salinity and 
salt accumulation. 

�� The key components of climate in soil formation are moisture and temperature.

�� Energy and precipitation strongly influence physical and chemical reactions on parent 
material. 

The tropics and subtropics including Indian sub-continent are more likely to be affected  due 
to the above anticipated adverse impacts of climate change on soils, which in turn will result 
in the sharp decline in the productive capacity of soils. Therefore, Considering some of the 
above expected adverse influences of climate change on soils, possible remedies, and dual 
role of any NRM technology in terms of adaptation and mitigation of climate change, the 
conservation agriculture and other resource conservation technologies essentially can be 
ranked at the top .

Conservation agriculture (CA) is the integrated management of the available natural 
resources such as soil, water, flora, and fauna with partial outside inputs which increases the 
efficiency of natural resource use. It provides sustainability in farming production through 
maintaining the quality of natural resources by stable or semi-stable organic cover to soil. 
Zero or minimum tillage or no-till (NT) and minimum disturbance of soil along with varying 
rotation of crops are a must for future prospects. Food and Agriculture Organisation (FAO) 
has emphasised that conservation agriculture (CA) is an integrated approach to agriculture 
cultivation that helps enhance food security, allay poverty, conserve biological diversity, and 
preserve ecosystem services. CA practices are also helpful in making farming systems more 
resilient to recent climatic changes. 

In terms of benefits, Zero-tillage farming with residue cover saves irrigation water, gradually 
increases soil organic matter and suppresses weeds, as well as reduces costs of machinery, 
fuel and time associated with tilling. Leaving the soil undisturbed increases water infiltration, 
holds soil moisture and helps to prevent topsoil erosion. Conservation agriculture enhances 
water intake that allows for more stable yields in the midst of weather extremes exacerbated 
by climate change. It has been well understood that soil tillage is a very energy consuming 
process that releases large amounts of CO2 from fossil fuels and from the oxidative breakdown 
of soil organic matter. 
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It was felt essential to look forward to develop suitable soil and crop management technology 
which can prove effective in both adaptation and in mitigation of climate change. Hence, 
a  need was felt to start a path finding long-term research to study the quantitative influence 
of the conservation agricultural practices including minimum tillage and crop residue 
application on improving the soil physical, chemical and bioliogcal properties including soil 
fertility and organic matter and functional capacity of soil to combat the ill effects of climate 
change and to increase the crop yield and sustainability amidst threats of changing climate in 
rainfed Alfisols. Some of the related review is presented in the following section. 

1.1. Response of Soil Quality Indicators on Long-term Application of Surface 
Residue 
1.1.1 Concept of Soil Quality

The concept of soil quality emerged in the early 1990s (Doran and Safely, 1997; Wienhold 
et al., 2004), and the first official application of the term was approved by the Soil Science 
Society of America Ad Hoc Committee on Soil Quality and discussed by Karlen et al. (1997). 
A soil quality index is desirable because individual soil properties in isolation may not be 
sufficient to quantify changing soil conditions (Jaenicke and Lengnick, 1999). 

Some authors advocated the use of a single index for soil quality that will permit a numerical 
comparison and dynamic analysis. Granatstein and Bezdicek (1992) described the use of 
an integrating index, to help evaluate the interactions between physical, chemical and 
biological parameters that determine soil quality. Larson and Pierce (1994) described the 
possible application of statistical quality control procedures. Harris et al. (1996) described 
the use of scoring functions, and Doran and Parkin (1994), the use of their soil quality 
index. 

Parr et al. (1992) suggested a number of specific uses for a soil-quality index. They are: 
assessing the impact of management practices on soil degradation and soil conservation; 
providing a basis for land capability classification and for eligibility in USDA’s Conservation 
Reserve Program and cost-sharing programs; aiding in setting land prices, loan values, and tax 
assessments; and providing information on simulating and predicting environmental change. 

For small holder farmers, these tools need to be simple measures of soil health and soil 
quality such as consistency, color and workability (Murage et al., 2000). For extension and 
policy personnel, they provide basic information needed to arrive at management decisions 
(Barrios et al., 2006). For researchers, there is need to conduct sufficiently detailed tests 
while controlling for variation in order to develop meaningful assessments of soil status, 
often expressed as an index of soil quality (Kang et al., 2005).

Doran and Parkin defined soil-quality index (S) as a function of Q soil-quality attributes: 

S = f (s1, s2,….., sQ),
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Where s1 through sQ represent individual attributes of soil quality.

1.1.2. Soil Quality and Soil Quality Indicators

The various chemical, physical, and biological properties of a soil interact in complex ways 
that determine its potential fitness or capacity to produce healthy and nutritious food. The 
resulting level of productivity by integrating these properties is referred to as “soil quality”. 
Soil quality can be defined as an inherent attribute of a soil that is inferred from its specific 
characteristics and observations (e.g., compactability, erodibility, and fertility). The term 
also refers to the soil’s structural integrity which imparts resistance to erosion, and to the 
loss of plant nutrients and soil organic matter, Soil quality is often adversely affected by 
soil degradative processes such as soil erosion, salinization, and desertification. Indeed, soil 
degradation can be defined as the time rate of change in soil quality (Parr et al., 1992)

Soil quality is related to soil function (Karlen et al., 2003; Letey et al., 2003), whereas soil 
health presents the soil as a finite non-renewable and dynamic living resource (Doran and 
Zeiss, 2000). Soil quality occupies a pivotal position in this concept and many would agree 
that soil quality is the “key” to agricultural sustainability.

Protection of soil quality under intensive land use and fast economic development is a 
major challenge for sustainable resource use in the developing world (Doran et al., 1996b). 
Soil quality cannot be measured directly, but soil properties that are sensitive to changes in 
management can be used as indicators (Andrews and Cambardella, 2004). The quality of soil 
is rather dynamic and can affect the sustainability and productivity of land use. It is the end 
product of soil degradative or conserving processes and is controlled by chemical, physical, 
and biological components of a soil and their interactions (Papendick and Parr, 1992). 

Efforts to characterize soil quality have focused primarily on soil chemical and physical 
properties because relatively simple and standardized methods of measurement are available. 
Soil biological properties have been neglected largely because of the difficulty in quantifying 
and predicting soil biological behaviour. Consequently, no single reliable indicator of soil 
quality has been designated. 

Improved soil quality is generally indicated by increased infiltration, macrospores, aggregate 
size and stability, soil organic matter, and aeration, and by decreased soil resistance to tillage 
and root penetration, and decreased runoff and erosion (Granatstein, 1990).

1.2. Effect of Long-term Application of Surface Residue on Nutrient Uptake
Uptake of nutrients by a plant root is an active process. As water is taken up to support 
transpiration, nutrients may be moved to the root surface through mass flow. But they are not 
taken directly into the root. Soil management practices like tillage methods affect distribution 
of plant roots. Under reduced tillage, crop residues on the soil surface encourage more roots 
near the soil surface. Crop residues keep the surface soil cooler and to reduce the rate of drying. 
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Ranveer Singh et al. (2013) reported that integrated nutrient management practices resulted 
in significantly higher total uptake of nitrogen and phosphorus by pearl millet under rainfed 
conditions. Lupwayi et al. (1999) found that N uptake by wheat was 26% more under zero 
tillage than under conventional tillage. Similar results were also reported by Thiagalingam  
et al. (1996) in Maize. Maruthi Shankar et al. (2013) observed a significant positive relationship 
between cotton yield and N, P, K uptake. 

Most of the nitrogen (N) in the environment is in forms that are unavailable for plant uptake. 
Nitrogen in the plant root zone is either nitrogen gas (N2), as a component of the air occupying 
the soil pore space, or organic N present in various forms, including plant and microbial 
proteins and amino acids, in the soil organic matter. In a process known as N mineralization, 
the organic N contained in soil organic matter is converted into plant-useable inorganic forms 
(ammonium, NH4+, and nitrate, NO3–) as a result of the activities of soil microorganisms.

In undisturbed natural environments, plants obtain N for their growth from two microbial 
processes. The first is biological N fixation, the conversion of atmospheric N2 to inorganic N 
by various soil microorganisms, some symbiotic with plants. The second is N mineralization, 
which is the conversion of organic N contained in soil organic matter into inorganic, plant-
available N as it is decomposed by soil, bacteria and fungi. Enzymatic processes occurring 
during organic matter decomposition release ammonium into the soil solution. Ammonium 
in the soil solution can follow several pathways. It can be oxidized by nitrifying bacteria and 
converted to nitrate or nitrite (NO2

–). Under flooded conditions, it can be returned to the 
atmosphere as N2 gas through denitrification processes. It can be held as an exchangeable 
cation (positively charged ion) on negatively charged surfaces such as those occurring 
on some soil clay particles. It can also be lost by conversion to gaseous ammonia (NH3) 
under alkaline soil conditions. It also gets assimilated by soil microorganisms and plants to 
supply their N requirements. This is called as immobilization, because the ammonium is 
incorporated into the tissues and is thus rendered temporarily unavailable until those tissues 
decompose.

1.3. Effect of Crop Residue Application on Soil Temperature and Soil Moisture
1.3.1. Soil Temperature 

Soil temperatures that are too high are a major constraint on crop production in many soils 
and eco regions of the tropics. soil temperatures are influenced by many factors, including 
surface residues. Soil temperatures, in turn, influence processes such as seed germination, 
plant root and top growth, nutrient availability, insect populations, and pesticide degradation 
(Gupta et al., 1984). High temperatures adversely affect not only the crop growth but also 
growth and development of the micro-organism population. Mulch of crop residues or cover 
crops regulates soil temperature. The soil cover reflects a large part of solar energy back into 
the atmosphere, thereby reducing the temperature of the soil surface. These results in a lower 
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maximum soil temperature in mulched conditions compared with to un-mulched soil, and 
reduce fluctuations (Indoria et al., 2017a). 

1.3.2. Soil Moisture

A significant cause of low crop production and crop failure in rainfed agriculture in the 
tropics is low and erratic rainfall. However, in many areas crop and land management do not 
optimise water flow along the rooting zone of the crop. The water-holding capacity of a soil 
in a particular place depends on the depth of the soil, the volume of pore-spaces, and the 
proportion of the voids that retain water against the pull of gravity. In a sandy soil, there is 
relatively large total volume of pore space among the large mineral particles, but the majority 
of the pores are so large that rainwater drains through most of them, and relatively little is 
retained within the profile. In clayey soils, the opposite can be expected. There may be a 
large proportion of small pore-spaces and while percolating rainwater may enter partly under 
capillary action, but the water cannot drain out and can only be removed by plant roots and/
or by slow evaporation into any air-filled spaces within the soil. In very compact clay soils, 
both entry and exit of rainwater may be very slow (Indoria et al., 2017). 

1.3.2.1. Factors Influencing Soil Moisture Content

The factors influencing soil moisture content are climate, soil properties, topography and 
soil cover. Surface residues aid water retention by: (i) protecting soil aggregates against 
dispersion, thereby reducing the potential for the development of a surface seal that could 
reduce water infiltration; (ii) slowing water flow across the surface and so providing more 
time for infiltration; and (iii) reducing evaporation (Indoria et al., 2016; Indoria et al., 2018). 
Conservation of soil and water resources is of paramount importance for sustaining cropland 
productivity in many semiarid environments. Other benefits of surface residues include 
greater soil organic matter (SOM) concentrations, soil temperature moderation and increased 
soil biological activity, all of which are also important for sustaining crop production.

Blevins et al. (1983) considered the presence of additional plant residue on the soil surface 
is one of the most prominent features of conservation tillage systems when compared 
with conventional tillage. The surface residue affects the absorption of solar radiation, and 
decreases the thermal admittance of the surface relative to that of bare soil. So more of the 
absorbed radiant heat goes to the atmosphere, thus decreasing the energy available to heat 
the soil. Soil water storage at many semi-arid locations increased with increasing amounts 
of crop residue maintained on the surface (Unger, 1984; Ojeniyi, 1986; Rasmussen et al., 
1986; AI-Darby et al., 1989; Nyborg and Malhi, 1989; Marley and Littler, 1990; Sharma 
et al., 1990; and others). Greater infiltration, less evaporation, and effective weed control 
contributed to the higher soil water contents with conservation tillage.
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1.4. Effect of Tillage and Residue Application on Soil Organic Carbon and Carbon 
Pools
The deficiency of water in drylands severely constrains the plant productivity that provides 
the ultimate source of soil carbon. Dryland soils contain less than 1%, and frequently less 
than 0.5% carbon (Lal, 2002b). Soil C dynamics play a crucial role in sustaining soil quality, 
promoting crop production and protecting the environment (Bauer and Black, 1994; Doran 
and Parkin, 1994; Robinson et al., 1996). Soil management techniques viz., reduction in 
tillage and addition of organic residues are considered important for improvement of soil 
properties and diminishing atmospheric CO2 concentrations by storing carbon in the form of 
organic matter (IPCC, 2000; Jarecki & Lal, 2003). Gale and Combadellar (2000) distinguished 
the beneficial effects of no-tillage on SOC sequestration from residue- and root-derived C by 
a stimulated experiment. Lal (1997) reported that about 15% of the plant residue returned to 
the soil could be converted to passive soil organic carbon. Both the quality and quantity of 
plant residues are important factors for determining the amount of carbon that is stored in soil. 
The quantity is highly dependent on the environmental conditions and agricultural practices 
and so will be very varied. The type of crop also makes a difference on the amount of carbon 
incorporated. Decomposition of the crop residue is influenced by the concentration of lignin 
and C: N ratio. 

Tillage practices can also influence the distribution of SOC in the soil profile. Higher 
soil organic matter (SOM) content is found in surface layers with zero tillage than with 
conventional tillage, but a higher content of SOC in the deeper layers where residue is 
incorporated through tillage (Jantalia et al., 2007; G´al et al., 2007; Thomas et al., 2007; 
Dolan et al., 2006; Yang and Wander, 1999; Angers et al., 1997). 

Considering the status report on the related subject, a long term experiment was imitated 
during the year 2005 with following broader objectives: 

Objective 1: Quantitative assessment of climatic resilient soil parameters as influenced by 
conservation agricultural practices in rainfed Alfisols. 

Objective 2: Effects of changing climate (temperature, moisture, etc.,) on soil N mineralization, 
CO2 emission, and root respiration processes as influenced by conservation agricultural 
practices in rainfed Alfisols. 

Objective 3: Quantitative relationships of climatic resilient soil parameters with crop 
productivity under conservation agricultural practices.

2. Methodology of the Field Experiment 
While planning this experiment, the central was i) Recycling the crop residue back in 
adequate amount as surface application., ii) growing crops without tilling the soil or with 
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minimum tillage, iii) application of adequate amount of nutrients.,iv) effectively controlling 
weeds. v) allowing crop stubbles standing on the surface of the soil and sowing the next crop 
between the stubbles, vi) Protecting the residue from burning and grazing and vii) protecting 
the loss of clay and soil organic matter occurring due to water erosion. The experiment 
was initiated in the year 2005 during the kharif season at Hayathnagar Research Farm of 
Central Research Institute of Dryland Agriculture, Hyderabad, India. The  experimental site 
is located at 17° 18’ N latitude and 78° 36’ E longitude at an elevation of 515 m above 
mean sea level. The climate of the region is semi arid tropical with severe summer and 
mild winter, having mean annual temperature of 14 –17°C and average rainfall of 750 mm. 
These soils represent Hayathnagar soil series (Typic Haplustalf), which are mildly acidic to 
neutral in pH (pH 6.5) with sandy loam texture and increasing clay content in the lower 
horizon. Soils were low in organic carbon (<5.6 g kg –1) and available N (<120 kg ha−1), 
medium (15 kg ha–1) in available P and K (209.0 kg ha−1). The experiment was laid out in 
randomized block design (RBD) with three replications of each treatment. The treatments 
are comprised of applications of four levels of Sorghum residues, the details are as follows: 
T-1 = Control (No crop residue applied),T-2 = Crop residue applied @ 2 t ha−1 ,T-3 = Crop 
residue applied @ 4 t ha−1 ,T-4 = Crop residue applied @ 6 t ha−1, The chemical fertilizers 
were applied uniformly as per recommended dose of 60 Kg N ha−1 and 30 kg P2O5 in case 
of Sorghum (Sorghum vulgare L.) and 30 Kg N ha−1 and 30 kg P2O5 in case of Cowpea 
(Vigna unguiculata (L.). These two crops were grown in a yearly rotation during the kharif 
season under minimum tillage conditions. Soil was disturbed only minimally in the plough 
planting operation using the bullock drawn country plough at the time of sowing. In case 
of Sorghum, 50% of N was applied as basal and remaining 50% as top dressing, and for 
Cowpea 100% N was applied as basal dose. Sorghum crop residues (@ 0, 2, 4 and 6 t ha-1) 
were applied to each treatment as per the technical program every year. Crop residue was 
spread uniformly on soil surface during the crop growing season. Weeds were controlled 
by spraying the broad spectrum herbicide during the summer and by using pre-emergence 
selective herbicide immediately after sowing of the crop. The crops were harvested between 
the last week of September and first week of October every year. Sorghum crop was 
harvested at 30 cm height from the ground level and stubbles were retained (as vertically 
standing) in the field. The remaining upper part (above 30 cm height.) of the sorghum stover 
was removed out of the field and stored for field application during the next kharif season. 
After picking of the pods, the residue/stubbles of cowpea were retained in the field every 
year. However, amount of residue left in the field during the harvests of the crops every year 
was quantified by drawing samples from a unit area and converting the data to per hectare 
basis to compute C input/output balance. 

(The methodology followed for the collection of soil samples and for the analysis of soil was 
same as given in the Part I. Section 1.2.2). 
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3. Results and Discussion
3.1. Effect of Graded Levels of Residue Application on Pooled Yields of Sorghum 
and Cowpea after 15 Years of Experimentation 
As this experiment was initiated in the year 2005, sorghum crop was sown in the years 
viz., 2005, 2007, 2009, 2011, 2013, 2015, 2017 and 2019 whereas cowpea crop in yearly 
rotation was sown in the years viz., 2006, 2008, 2010, 2012, 2014 and 2018. The results of 
the pooled yield analysis have been presented as follows 

Pooled analysis of the data collected on crop yields  for both sorghum and cowpea over a 
period of 15 years has been done to study the long term effects of graded level of surface 
residue application under minimum tillage on crop yields. 

3.1.1. Pooled Grain Yield of Sorghum

The pooled analysis of the data for sorghum crop is presented in Tables 1& Figs. 1. From the 
perusal of the data, it was observed that the crop yields were significantly different over the 
years. In the present study, pooled sorghum grain yield varied from 1528 to 1969 kg ha-1. 
Significantly higher pooled sorghum yield (1969 kg ha-1) was observed with T4 treatment 
compared to control (1528 kg ha-1). The increase in yield with T2, T3 and T4 was found to 
be 9.09, 20.94 and 28.86% respectively compared to control. Higher sustainable yield index 
was recorded with T2, T4 and T6 treatments (0.55,0.63 and 0.63 respectively) compared to 
control (0.49). 

Table 1: Effect of graded level of residue application on sorghum grain yield and sustainable 
yield index 

Treatments 2005 2007 2009 2011 2013 2015 2017 2019
Pooled
Yield

SYI

T1-Control 1473 1878 1470 1233 1595 1140 1434 2000 1528 0.49

T2-2t ha-1 of 
sorghum residue 

1501 1882 1688 1494 1870 1273 1513 2114 1667 0.55

T3-4t ha-1 of 
sorghum residue

1549 2020 1702 1617 2028 1912 1667 2284 1848 0.63

T4-6t ha-1 of 
sorghum residue

1396 2242 1819 1518 2290 2111 1858 2520 1969 0.63

LSD (p=0.05) NS 239.42 199.27 73.58 265.35 272.25 224.55 186.66 239.42
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Fig. 1: Effect of graded level of residue application on sorghum grain yield

3.1.2. Pooled Grain Yield of Cowpea

In case of cowpea, the pooled cowpea grain yield varied from 397 to 655 kg ha-1. Significantly 
higher sorghum grain yield was observed with the surface application of crop residue @ 2 t 
ha-1 (550 kg ha-1), 4t ha-1 (635 kg ha-1) and 6 t ha-1 (655 kg ha-1) compared to control no residue 
application (397 kg ha-1). The increase in cowpea pooled grain yield due to application of 
sorghum residue @ 2, 4 and 6 t ha-1 was to the extent of 38, 59 and 65%, respectively over 
no residue application. The sustainable yield index was found to be higher with the of 4 and 
6 t ha-1 which was 0.08 and 0.12 respectively compared to control (0.06) (Table 2 & Fig. 2). 

Table 2: Effect of graded level of residue application on cowpea grain yield and sustainable 
yield index 

Treatments 2006 2008 2010 2012 2014 2016 2018 Pooled
yield SYI

T1-Control 196 348 462 1015 209 114 438 397 0.06

T2-2t ha-1 of sorghum residue 210 420 660 1510 292 126 634 550 0.05

T3-4t ha-1 of sorghum residue 210 543 870 1615 328 144 736 635 0.08

T4-6t ha-1 of sorghum residue 290 466 708 1565 538 174 848 655 0.12

LSD (p=0.05) 27.15 89.46 104.48 8.43 15.82 25.32 67.218 18.06

Fig. 2: Effect of graded level of residue application on cowpea grain yield
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Plate: Field view of sorghum crop at different growth stages in sorghum- cowpea system

3.1.3. Effect of Graded Levels of Crop Residue Application under Minimum Tillage on Crop 
Yield during Different Rainfall Years

The variation in rainfall influenced the Sorghum and Cowpea yields. After 11 years, it was 
observed that application of sorghum stover at 4 and 6 t ha-1 (T3 and T4) could maintain higher 
mean yield even in low rainfall years. Cowpea yield was higher with T3 and T4 treatments 
throughout the experimental period (Fig. 3). In 2014, when the seasonal rainfall received was 
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only 319 mm, the order of performance of the treatment was: T4>T3>T2>T1, indicating 
that crop yield increased with the amount/intensity of the residue cover applied in cowpea 
(Table 3 & 4).

Table 3: Effect of residue application under minimum tillage on sorghum grain yield (kg 
ha-1) during different rainfall years

Treatments
Sorghum grain yield (kg ha-1)

2005 2007 2009 2011 2013 2015

T1-Control 1473 1878 1470 1233 1595 1140

T2-2t ha-1 of sorghum residue 1501 1882 1688 1494 1870 1273

T3-4t ha-1 of sorghum residue 1549 2020 1702 1617 2028 1912

T4-6t ha-1 of sorghum residue 1396 2242 1819 1518 2290 2111

Seasonal rainfall (mm) 1021 604 537 475 946 588

Table 4: Effect of residue application under minimum tillage on cowpea seed yield (kg ha-1) 
during different rainfall years

Treatments
Cowpea seed yield (kg ha-1)

2006 2008 2010 2012 2014

T1-Control 196 348 462 1015 209

T2-2 t ha-1 of sorghum residue 210 420 660 1510 292

T3-4 t ha-1 of sorghum residue 210 543 870 1615 328

T4-6 t ha-1 of sorghum residue 290 466 708 1565 538

Seasonal rainfall (mm) 506 755 974 749 319

  
Fig. 3: Effect of residue application under minimum tillage on sorghum and cowpea yield (kg ha-1) during different 

rainfall years

3.2. Effect of Graded Levels of Residue Application on Soil Enzyme Activity
The effect of graded levels of residue application was studied on activities of enzymes (acid 
phosphatase, alkaline phosphatase, phosphodiesterase, arylsulphatase, dehydrogenase and 
urease) in different sized soil aggregates viz., 1 mm, 5µm, 2.5 µm, 1.06µm and <1.06µm 
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(Fig. 5). It was observed that enzyme activities were significantly higher with application of 
sorghum residue @ 6t ha-1 followed by 4t ha-1 treatment. The lowest activities of enzymes 
were observed with control. In case of acid and alkaline phosphatase, it was observed that 
1mm and 5 µm sized aggregates recorded greater activities compared to smaller sized 
aggregates. The activities of aryl sulphatase and DHA were found to be higher in 1.06µm 
followed by 2.5µm size soil aggregates. The lowest activities were found to be observed with 
<1.06 µm size. Similarly, phosphodiesterase activity was higher with 2.5 µm aggregates 
followed by 1 mm. Urease activity was found significantly higher with aggregates of size 
<1.06 µm followed by 5 µm (Fig. 7).

 

 

 
Fig. 7: Effect of graded levels of residue application on enzyme activities in different sized soil aggregates
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3.3. Effect of Graded Levels of Residue Application on Available Water Capacity
In the present study, the effect of long term application of graded levels of residues on soil 
available moisture was studied. Soil moisture at field capacity (1/3 bars) and permanent 
wilting point (15 bars) was measured using pressure plate apparatus. The difference in soil 
moisture at field capacity and permanent wilting point was recorded as available water 
capacity. Significantly higher available water capacity (5.49 cm m-1) was observed with 
application of sorghum stover @ 6t ha-1 followed by residue application at 4t ha-1(3.85 cm 
m-1). The increase in available water capacity with higher doses of surface residue could 
be attributed to higher organic C, improved soil structure and consequently more water 
retention. These parameters are very crucial for creating resilience towards climatic ill effects 
especially drought and high temperature.

Plate: Field view of sorghum crop at different growth stages in sorghum-cowpea system
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3.4. Relationship between Available Water Capacity and Crop Yield 
In order to establish a relationship between crop yield and volumetric moisture, a simple 
linear regression equation was developed with yield as functional goal and soil moisture 
as independent variable (Fig. 8). It was observed that the regression relationship between 
sorghum grain yield and soil moisture was significant (p=0.01). The coefficient of regression 
(R2=0.55) denotes that sorghum yield could be explained up to 55% by volumetric soil 
moisture content. 

YSorghum yield = 1053.2 + 222.2 (Volumetric Soil Moisture).........(R2 = 0.55)**

Fig. 8: Effect of volumetric soil moisture content on sorghum grain yield (kg ha-1)

3.5. Effect of Graded Levels of Residue Application on Soil Temperature
Soil temperature of experimental plots was recorded at 0-10 cm depth at 9:00 AM and 
2:00 PM using soil thermometers. The average soil temperature recorded during crop season 
(June-September) at 9 AM in the morning varied from 26.68 to 27.64 0C across the treatments. 
Relatively lower average soil temperatures were recorded with surface application of sorghum 
stover @ 6t ha-1 (26.680C) and @ 4 t ha-1 (26.960C). The reduction in soil temperature with 
residue application was to the extent of 0.960C and 0.640C respectively over control (27.60C). 
The average soil temperatures recorded at 2:00 PM varied from 30.3 0C to 33.0 0C across 
the treatments. In this case also, the reductions in average soil temperatures recorded with 
application of sorghum stover @ 6t ha-1 (30.30C) and @ 4 t ha-1 (30.70C) were 2.70C and 2.50C 
respectively over control (33.00C). 

After the harvest of the crop (December 2012-April 2013), on an average, the application of 
residues @ 2, 4 and 6 t ha-1 resulted in reduction in soil temperature recorded at 9:00 AM 
by 1.0, 1.9 and 2.60C and 2:00 PM by 1.1, 2.2 and 3.4 0C respectively over control (Fig. 9). 
Thus, this study clearly indicated the importance of surface residue management / land cover 
in protecting the soil surface from extreme heat fluxes and high temperatures. This in turn 
will help in reducing the rate of decomposition of organic matter and in reducing the GHG’s 
emissions.
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Fig. 9: Effect of graded levels of residue application on soil temperatures at 9:00 AM and 2:00 PM

During the current year (March – May 2015) residue application decreased soil temperature 
varying from 0.3 to 2.60C compared to control or no residue application at 9 AM and 2 
PM (Fig. 10). Similarly, studies on soil temperatures in the months of June-August at 9 AM 
decreased the soil temperature by 0.3 to 1.6 0C and at 2 PM by 0.3 to 2.50C. The highest 
decrease in soil temperature was recorded with T4 treatment followed by T3 treatments 
compared to control.

 

 
Fig. 10: Effect of graded levels of residue application on soil temperature under minimum tillage
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3.6. Effect of Graded Levels of Residue Application on Water Infiltration Rate 
Storing of water in profile by enhancing receptivity by way of improving water infiltration 
rate in these compacted soils is very important. The infiltration studies were conducted using 
‘Double ring infiltrometer’. The observations were recorded in 10 minutes interval after 1 
hour. It was quite interesting to note that the application of graded levels of residues for 8 
years i.e., at 2, 4 and 6 t ha-1 significantly influenced the water infiltration rate. The infiltration 
rate in these soils varied from 156 to 246.5 mm/hr (Fig.11). It was observed that, among all 
the treatments, application of residue at 6t ha-1 significantly increased the infiltration rate by 
58%. Similarly, application of residue at 2t and 4t ha-1 significantly increased the infiltration 
rate by 21% and 27% respectively over control or no residue application (Table 5). The 
present study reveals that surface residue application improves the infiltration rate of a loamy 
sand soil which is very important for creating resilience towards intermittent droughts. 

Table 5: Effect of graded level of residue application on infiltration rate (mm hr-1)

Treatments Infiltration rate (mm/hr)

T1-Control 156.0

T2-2 t ha-1 of sorghum residue 189.0

T3-4 t ha-1 of sorghum residue 198.5

T4-6 t ha-1 of sorghum residue 246.5

LSD 6.48

Fig. 11: Effect of graded levels of residue application on water infiltration rate (2014)

In the year 2015 (after 11 years of experimentation), application of residues at 2, 4 and 6 
tha-1 significantly influenced the water infiltration rate which varied from 135 to 234 mm/hr. 
Among the treatments, application of residue at 6t ha-1 significantly increased the infiltration 
rate by 58%. Similarly, the increase in infiltration rate with 2t and 4t ha-1was 21% and 27% 
respectively over control or no residue application. 
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Plate: Field view of cowpea crop at different growth stages in sorghum-cowpea system

3.7. Effect of Graded Levels of Residue Application on Soil Compaction/ Penetration 
Resistance 
One of the objectives of this study was to reduce the soil compaction to create better 
conditions for crop growth. Penetration resistance/ soil compaction was measured at 21 DAS 
and after harvest of the crop with the penetrometer.

3.7.1. Soil Compaction at 21 DAS

It was observed that at 21 DAS, soil compaction was significantly lower with application 
of sorghum residue @ 6t ha-1 at the entire depths measured (0-10 cm). Similar results were 



81

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

observed after crop harvest. At 0-2.5 cm depth, soil compaction varied from 0.02 to 0.3 
M Pa, the lowest being recorded with application of sorghum stover @ 6t ha-1 (0.02 M Pa) 
(Tables 6 and 7).

Table 6: Effect of crop residue application on soil penetration resistance/soil compaction 
at 21 DAS 

Treatments
Penetration Resistance (M pa)

0-2.5cm 2.5-5cm 5-7.5cm 7.5-10cm

T1-Control 0.30 0.53 0.89 1.37

T2-2 t ha-1 of sorghum residue 0.08 0.18 0.58 0.85

T3-4 t ha-1 of sorghum residue 0.07 0.15 0.32 0.82

T4-6 t ha-1 of sorghum residue 0.02 0.12 0.23 0.48

LSD (p=0.05 level) ** ** ** **

3.7.2. Soil Compaction at Harvest 

Soil compaction/penetration resistance at maturity decreased with the increase in levels of 
residue applied. At 0-2.5 cm depth, soil compaction was found to be significantly lowest (0.13 
M pa) with application of sorghum stover @ 6 tha-1 followed by 4t and 2t ha1. Significantly 
highest compaction was observed under no residue conditions (0.41 M Pa). Similar trends 
were observed at all the depths measured. This signifies that higher levels of surface residue 
application in these soils are very useful to reduce compaction, to enhance water infiltration 
and to increase productivity.

Table 7: Effect of crop residue application on soil compaction/ penetration resistance after 
crop harvest in 2014

Treatments
Soil compaction /Penetration Resistance (Mpa)

0-2.5cm 2.5-5cm 5-7.5cm 7.5-10cm 10-12.5cm

T1-Control 0.41 0.52 0.92 1.26 1.70

T2-2 t ha-1 of sorghum residue 0.20 0.39 0.50 0.75 1.46

T3-4 t ha-1 of sorghum residue 0.16 0.35 0.53 0.68 1.40

T4-6 t ha-1 of sorghum residue 0.13 0.30 0.45 0.56 0.90

LSD (p=0.05 level) ** * * ** **

3.8. Effect of Different Levels of Residue Application on Carbon Pools 
3.8.1. Soil Organic Carbon (SOC)

From the data presented in Table 8, the soil organic carbon (SOC) in the surface layer  
(0-5 cm) was higher than the lower layers (5-15cm) in all the treatments. The SOC in 0-5 cm 
soil layer varied from 5.77 to 7.01 g kg-1 and 5.43 to 5.81 g kg-1 in 5-15 cm soil. The SOC 
content in the soil in both depths increased with the increase in the level of residues applied. 
Significantly highest organic C (7.01 g kg-1) content was found at 0-5 cm depth followed by at 



82

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

5-15 cm depth (5.81 g kg-1) with the surface application of sorghum stover @ 6t ha-1, resulting 
in 21% and 6% increase respectively over control (no residue application). The increase in 
organic C could be attributed to direct contribution of residues towards SOC, conserving 
soil moisture and moderating soil temperature and protecting carbon from oxidation and 
mineralization (Halvorson et al., 2002). Dalal et al. (1991) observed that in the surface soil 
layers, the interactive effects of zero tillage and returning residues resulted in higher organic 
C contents compared with CT.

3.8.2. Inorganic Carbon (IC)

The inorganic C in the soil varied from 2.04 to 2.58 g kg-1 in 0-5cm depth and 1.83 to 2.39 g 
kg-1 in 5-15 cm depth of soil. The highest values were reported with residue applied @ of 6 t 
ha-1. Total carbon was calculated by adding both organic C and inorganic C pools. The total 
carbon in the upper layers of the soil (0-5cm depth) was found to be higher compared to the 
lower layers and it varied from 7.81 to 9.59 g kg-1. In the 5-15 cm layer of the soil, the total 
carbon varied from 7.26 to 8.19 g kg-1. It was also observed that the total C in the surface 
(9.59 g kg-1) and sub surface soil (8.19 g kg-1) was found to be significantly higher with the 
residue applied @ 6 t ha-1 treatment.
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Plate: Soil observations on various parameters in sorghum-cowpea system

3.8.3. Particulate Organic Carbon (POC)

The amount of particulate organic carbon was significantly influenced with the application 
of residues and it varied from 1.10 g kg-1 to 1.42 g kg-1 in the surface layer (0-5 cm). 
Significantly higher POC (1.42 g kg-1) was recorded with the application of sorghum stover @  
4t ha-1. In the lower layer (5-15 cm), application of residues did not significantly influence the 
particulate organic carbon in soil. 

3.8.4. Microbial Biomass Carbon (MBC)

Microbial Biomass Carbon in soil varied from 112.9 to140.8 mg/kg soil (Table 8). Significantly 
higher MBC (140 mg kg-1) was observed with application of sorghum stover @ 6t ha-1 followed 
by 4t ha-1 and 2t ha-1 which was higher to the extent of 24.6%, 15.9%, 9.5% respectively 
over control (112.9 mg kg-1). Earlier studies revealed that the amendment of soil with organic 
materials resulted in more inputs towards organic carbon to the soil, which could stimulate 
the microbial growth and activity (Sastre et al., 1996; Kanchikerimath and Singh, 2001). Shah 
et al. (2003a) reported that residue management and tillage have played important role in 
influencing soil organic matter accumulation and microbial community dynamics in addition 
to C sequestration. 

3.8.5. Labile Carbon (LC)

The content of Labile Carbon ranged from 357.5 to 370 mg kg-1 across the treatments  
(Table 8). Significantly higher labile C (370 mg kg-1) was recorded with the application of 
sorghum stover @ 6t ha-1. Despite non significant values, application of sorghum residue @ 
4t ha-1 (366.23 mg kg-1) and 2t ha-1 (360.41 mg kg-1) recorded relatively higher content of LC 
compared to control (357.5 mg kg-1). The importance of labile C lies in the fact that it is one 
of the most sensitive indicators of changes influenced by management practices.
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Table 8: Effect of different levels of surface application of sorghum stover on soil carbon 
pools 

Treatments     OC g kg-1 IC g kg-1 TC g kg-1   POC g kg-1 MBC mg kg-1 LC mg kg-1

0-5 5-15 0-5 5-15 0-5 5-15 0-5 5-15

T1 5.77 5.43 2.04 1.83 7.81 7.26 1.10 1.07 112.99 357.49

T2 6.74 5.45 2.49 2.18 9.23 7.63 1.18 1.08 123.72 360.41

T3 6.85 5.68 2.54 2.28 9.39 7.96 1.42 1.13 130.97 366.23

T4 7.01 5.81 2.58 2.39 9.59 8.19 1.31 1.16 140.08 370.00

LSD (p =0.05) l) 0.31 NS 0.08 0.30 0.29 NS 0.17 NS 3.14 7.52

3.8.6. Influence of Different Levels of Residues on Soil Carbon Fractions and Lability Index

The fractions of organic C were estimated using a modified Walkley and Black method as 
described by Chan et al. (2001) using 5, 10 and 20 ml of concentrated H2SO4 resulting three 
acid–aqueous solution ratios of 0.5:1, 1:1 and 2:1 (which corresponded respectively to 12.0 
N, 18.0 N and 24.0 N of H2SO4). The amount of C fractions extracted through these acids 
–aqueous solutions were labeled as very labile, labile and less labile organic C pools. 

This study also indicated that long term application of graded level of residues had a 
significant effect on soil carbon fractions. Very labile C was found to be higher in 0-5 cm 
layer of the soil compared to 5-15 cm soil layer. The amount of very labile fraction of carbon 
was significantly higher (1.04 g kg-1) with the application of sorghum stover @ 6t ha-1 in the 
0-5 cm soil layer (Table 9). Similar trends were observed in case of labile and less labile 
organic C fractions. Lability index increased with the increase in the amount of residues 
applied. It was also found that lability index was significantly higher in the surface soils 
compared to subsurface soils. The significant changes in C fractions/lability indices in surface 
and subsurface might be due to changes in soil and residue management practices as these 
fractions are most sensitive to changes due to the treatments and along depth (Majumdar et 
al., 2007).

Table 9: Effect of graded levels of residues on labile carbon 

Treatments
Very Labile C g kg-1 Labile C g kg-1 Less Labile C gkg-1 Lability Index

0-5 5-15 0-5 5-15 0-5 5-15 0-5 5-15

T1 1.75 0.19 0.62 0.44 0.39 0.19 1.19 0.30

T2 1.82 0.31 0.71 0.51 0.27 0.24 1.06 0.40

T3 3.80 0.81 0.89 0.58 0.30 0.28 1.97 0.68

T4 3.96 0.98 1.03 0.72 1.03 0.17 2.14 0.78

LSD (p=0.05 level) 0.29 0.094 0.15 0.42 0.23 0.07 1.19 0.30

3.8.7. Correlation among C Pools

Significant correlation among sorghum and cowpea yield with carbon pools was observed 
(Tables 10 and 11) which reveals that C pools play significant role in influencing the crop 



85

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

yield. Sorghum and Cowpea grain yield was significantly correlated with soil inorganic 
carbon, POC and LC. The part of the results presented in this section has been published 
earlier in a Research Journal (Suma et al., 2016).

Table 10: Correlation among sorghum yield and carbon pools

Sorghum Yield SOC SIC POC MBC LC

SOC 0.247 1

SIC 0.884** 0.266 1

POC 0.680* 0.300 0.658* 1

MBC 0.408 0.324 0.333 -0.095 1

LC 0.881** 0.162 0.653* 0.581* 0.366 1

Table 11: Correlation among cowpea yield and carbon pools

Cow Pea Yield SOC SIC POC MBC LC

SOC 0.256 1

SIC 0.942** 0.266 1

POC 0.801** 0.300 0.658* 1

MBC 0.111 0.324 0.333 -0.095 1

LC 0.689* 0.162 0.653* 0.581* 0.366 1

3.8.8. Effect of Graded Levels of Residue Application on Soil Organic Carbon, Carbon 
Stock and Carbon Sequestration

After 11 years of experimentation, it was observed that soil organic carbon varied form 6.16 
to 8.10 g kg-1. Application of sorghum stover @ 2, 4 and 6 t ha-1 resulted in an increase 
of organic carbon to the extent of 19, 27 and 32% respectively compared to control  
(Table 12). Carbon stock was computed and the results revealed that significantly higher 
amount of carbon stock was recorded with 6t ha-1 (15.67 Mg ha-1) followed by application 
of residue at 4 t ha-1 (15.3 Mg ha-1) and 2t ha-1(14.93 Mg ha-1) compared to control  
(13.12 Mg ha-1). Carbon sequestration varied from 1.12 to 3.67 Mg ha-1 which was significantly 
highest with application of residue @ 6t ha-1 (3.67 Mg ha-1) followed by 4t and 2t ha-1 (3.3 
and 2.93 Mg ha-1). Thus, it was found that continuous application of sorghum residue @ 6t 
ha-1 under minimum tillage for 11 years resulted in greater carbon sequestration compared 
to other residue treatments.

Table 12: Effect of graded levels of residue application on soil organic carbon, carbon stock 
and carbon sequestration

Treatments SOC g kg-1 Carbon Stock Mg ha-1 Carbon Sequestration Mg ha-1

T1-Control 6.16 13.12 1.12

T2-2 t ha-1 of sorghum residue 7.32 14.93 2.93

T3-4 t ha-1 of sorghum residue 7.79 15.30 3.30

T4-6 t ha-1 of sorghum residue 8.10 15.67 3.67

LSD (p=0.05 level) 0.28 0.54 0.54
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3.9. Effect of Graded Levels of Residue Application on Soil Organic C and Available 
Nutrients 
3.9.1. Soil Organic Carbon 

Soil organic carbon in the soil varied from 1.50 to 6.62 g kg-1 across all the four soil depths 
studied. At all the soil depths, the SOC significantly increased with the increase in the level 
of residue application and decreased with increase in the soil depth. The increase in SOC 
with surface application of sorghum residue @ 2, 4 and 6t ha-1 was 25.95, 35.34 and 48.09% 
respectively at 0-15 cm soil depth over no residue application. Similarly, at other depths also 
there was conspicuous increase in the SOC with the increase in residue levels. (Table 13, 
Figure 11)

Table13: Effect of graded levels of residue application on soil organic carbon g kg-1 in soil 

Treatments
Organic carbon ( g kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 4.47 4.39 2.24 1.50

T2-2 t ha-1 of sorghum residue 5.63 5.46 2.76 1.69

T3-4 t ha-1 of sorghum residue 6.05 5.79 3.09 1.80

T4-6 t ha-1 of sorghum residue 6.62 6.23 3.43 1.81

LSD (p=0.05 level) 0.21 0.29 0.25 0.18

3.9.2. Soil Available Nitrogen 

Soil available nitrogen significantly  varied from 154.07 to 403.45 kg ha-1 across the levels 
of residue treatments and the soil depths studied. The available N significantly increased 
with the increase in the level of residue application and decreased with increase in the 
soil depth. At the surface (0-15cm) soil depth, the application of sorghum residue @ 2, 
4 and 6t ha-1 significantly influenced the soil available nitrogen content which was 7.21, 
17.48 and 28.61% higher compared to no residue application. Similarly, at other soil depths 
also, available N content was significantly influenced with the increasing levels of residue 
application. The lowest content of available soil N was observed in 45-60 cm depth which 
varied from 154.07 to 193.75 kg ha-1 (Table 14, Figure 12).

Table 14: Effect of graded levels of residue application on available nitrogen (kg ha-1) in soil 

Treatments
Available Soil Nitrogen ( kg ha-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 313.70 287.41 252.77 154.07

T2-2 t ha-1 of sorghum residue 336.33 315.07 261.45 166.85

T3-4 t ha-1 of sorghum residue 368.56 343.64 272.11 177.79

T4-6 t ha-1 of sorghum residue 403.45 358.00 296.80 193.75

LSD (p=0.05 level) 17.39 12.24 20.86 14.88
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Fig. 11& 12: Effect of graded levels of residue application on soil organic carbon (g kg-1) and available nitrogen(kg ha-1) 

3.9.3. Available Phosphorus in Soil 

Graded levels of residue application significantly increased the available phosphorus in soil 
and it varied from 5.28 kg P ha-1 to 14.07 kg P ha-1. The available P in soil significantly 
increased with the increase in the level of residue application and decreased with increase 
in the soil depth. Application of crop residue @ 2, 4 and 6 ha-1, significantly increased the 
available phosphorus in surface soil (0-15 cm) by 7.29, 18.80 and 35.02%, respectively. 
Similarly at other soil depths also, the increase in available P in soil was significant with the 
increasing levels of residue application. The lowest content of available P was observed in 
45-60 cm depth which varied from 5.28 to 6.11 kg ha-1 (Table 15, Figure 13). 

Table 15: Effect of graded levels of residue application on soil available phosphorus (kg ha-1) 

Treatments
 Available Soil Phosphorus (kg ha -1 )

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 10.42 9.14 6.47 5.28

T2-2 t ha-1 of sorghum residue 11.18 9.69 7.20 5.56

T3-4 t ha-1 of sorghum residue 12.38 10.84 7.92 5.78

T4-6 t ha-1 of sorghum residue 14.07 12.58 8.27 6.11

LSD (p=0.05 level) 0.997 1.15 0.561 0.247

3.9.4. Available Potassium in Soil

Graded levels of residue application has significant influence on available potassium in soil 
and it varied from 118.17 to 268.17 kg ha-1 across all the residue levels applied and soil 
depths studied. The available K in soil  significantly increased with the increase in the level 
of residue application and decreased with increase in the soil depth. The increase in the 
available potassium in soil with the application of sorghum stover @ 2, 4 and 6t ha-1 was 
found to be 13.5, 23.06, and 36.07% respectively over no residue application (Table 16, 
Figure 14). 
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Table 16: Effect of graded levels of residue application on soil available potassium (kg ha-1) 

Treatments
Available Soil Potassium (kg ha-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 197.07 128.77 121.63 118.17

T2-2 t ha-1 of sorghum residue 223.38 142.94 128.75 125.62

T3-4 t ha-1 of sorghum residue 242.53 155.21 140.28 133.83

T4-6 t ha-1 of sorghum residue 268.17 172.78 153.38 142.20

LSD (p=0.05 level) 9.884 12.566 8.609 8.059

 
Fig. 13 & 14: Effect of graded levels of residue application on available phosphorus and potassium in soil (kg ha-1) 

 3.9.5. Available Zinc in Soil 

Available zinc in soil varied from 0.08 to 0.98 mg kg-1 across all the levels of residue treatments 
and the soil depth studied. The available Zn in soil  significantly increased with the increase 
in the level of residue application and decreased with increase in the soil depth. At the 
surface (0-15 cm depth), the application of sorghum residue @ 2, 4 and 6t ha-1 significantly 
increased the available zinc in soil to the extent of 13.23, 27.94 and 44.11%, respectively 
compared to no residue application (0.68 mgkg-1). The lowest zinc content was observed at 
45-60 cm soil depth which varied from 0.08 to 0.21 mg kg-1. (Table 17, Figure 15).

Table 17: Effect of graded levels of residue application on soil available zinc (mg kg-1) 

Treatments
Available Zinc in Soil (mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control     0.68 0.20 0.14 0.08

T2-2 t ha-1 of sorghum residue     0.77 0.28 0.19 0.12

T3-4 t ha-1 of sorghum residue     0.87 0.35 0.24 0.16

T4-6 t ha-1 of sorghum residue     0.98 0.42 0.31 0.21

LSD (p=0.05 level)     0.061 0.048 0.047 0.036
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3.9.6. Available Manganese in Soil

Increased levels of crop residue application significantly increased the available manganese 
content in soil and it varied from 9.10 to 38.81mg kg-1. Further, it was observed that the 
available Mn in soil significantly increased with the increase in the level of residue application 
and decreased with increase in the soil depth. Application of crop residue @ 2, 4 and 6 t 
ha-1 significantly increased the available manganese in soil by 11.75, 28.66 and 50.54% 
respectively over no residue application. The lowest available manganese content in soil was 
observed at 45-60 cm depth which varied from 9.10 to 12.81 mg kg-1 (Table-18, Figure 16).

Table 18: Effect of graded levels of residue application on soil available manganese (mg kg-1) 

Treatments
Available Managnese in Soil ( mg kg-1 )

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 25.78 20.11 14.70 9.10

T2-2 t ha-1 of sorghum residue 28.81 24.46 18.05 10.55

T3-4 t ha-1 of sorghum residue 33.17 29.48 20.70 11.73

T4-6 t ha-1 of sorghum residue 38.81 33.80 21.14 12.81

LSD (p=0.05 level) 6.36 4.69 4.14 2.24

 
Fig. 15 & 16: Effect of graded levels of residue application on available zinc and manganese in soil (mg kg-1) 

3.9.7. Available Iron in Soil

Available iron in soil varied from 1.85 to 10.58 mg kg-1 across the levels of residue treatments 
and the soil depths studied. It was also observed that the available Fe in soil significantly 
increased with the increase in the level of residue application and decreased with increase 
in the soil depth. At the surface (0-15 cm depth), application of sorghum residue @ 2, 4 and 
6t ha-1 significantly increased the Fe content by 19.52, 39.84 and 69.28% over no residue 
application (6.25 mgkg-1). The lowest amount of available iron in soil was observed in 45-60 
cm depth which varied from 1.85 to 3.49 mg kg-1 (Table19, Figure 17). 



90

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

Table 19: Effect of graded level of residue application on soil available iron (mg kg-1) 

Treatments
Available Iron in Soil (mg kg-1 )

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control     6.25 4.20 3.02 1.85

T2-2 t ha-1 of sorghum residue     7.47 5.47 3.91 2.16

T3-4 t ha-1 of sorghum residue     8.74 6.52 4.44 2.82

T4-6 t ha-1 of sorghum residue    10.58 7.60 5.25 3.49

LSD (p=0.05 level)     2.20 0.80 1.10 0.70

3.9.8. Available Copper in Soil

Available copper in soil varied from 0.75 to 1.64 mg kg-1 across the levels of residue treatments 
and the soil depths studied. Further, it was observed that the available Cu  in soil  significantly 
increased with the increase in the level of residue application and decreased with increase in 
the soil depth. At the surface soil (0-15 cm) the application of crop residue @ 2, 4 and 6 t ha-1 
significantly increased the available copper in soil by 6.76, 15.03 and 23.30% respectively 
over no residue application. The lowest available Cu in soil was observed in 45-60 cm depth 
which varied from 0.75 to 1.05 mg kg-1. (Table 20, Figure 18).

Table 20: Effect of graded levels of residue application on soil available copper (mg kg-1) 

Treatments
Available Copper in Soil (mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 1.33 1.28 1.12 0.75

T2-2 t ha-1 of sorghum residue 1.42 1.36 1.17 0.87

T3-4 t ha-1 of sorghum residue 1.53 1.45 1.24 0.94

T4-6 t ha-1 of sorghum residue 1.64 1.52 1.32 1.05

LSD (p=0.05 level) 0.094 0.066 0.063 0.099

 
Fig. 17 & 18: Effect of graded levels of residue application on soil available iron and copper (mg kg-1) 
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3.10. Effect of Graded Levels of Residue Application on Total Nutrients in Soil 
3.10.1. Soil Total Nitrogen

Total N in soil varied from 330.0 to 1033.0 mg kg-1 across the graded levels of residue treatments 
and the soil depths studied. The Total N in soil significantly increased with the increase in the 
level of residue application and decreased with the increase in the soil depth. At 0-15cm depth, 
the application of sorghum residue @ 2, 4 and 6t ha-1 significantly increased the total N in soil 
by 8.89, 17.79 and 31.34% respectively, over no residue application (786.7 mg kg-1). The 
lowest content of total N in was observed at 45-60 cm depth which varied from 330.0 to 533.3 
mg kg-1 (Table 21 & Figure 19).

Table 21: Effect of graded levels of residue application on total N in soil (mg kg-1) 

   Treatments
Total Nitrogen in Soil  (mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm
T1-Control 786.7 606.7 466.7 330.0

T2-2 t ha-1 of sorghum residue 856.7 690.0 526.7 393.3

T3-4 t ha-1 of sorghum residue 926.7 773.3 620.0 473.3

T4-6 t ha-1 of sorghum residue 1033.3 860.0 690.0 533.3

LSD (p=0.05 level) 93.90 92.95 113.23 111.26

3.10.2. Soil Total Phosphorus 

Increasing levels of residue application significantly increased the soil total phosphorus across 
different soil depths and it varied from 194.9 mg kg-1 to 395.7 mg kg-1. It was observed that 
the total P in soil significantly increased with the increase in the levels of residue application 
and decreased with the increase in the soil depth. Application of residue @ 2, 4 and 6 t ha-1 
significantly increased the soil total phosphorus by 7.55, 16.15 and 28.19% respectively 
over no residue application (Table 22 & Figure 20).

Table 22: Effect of graded levels of residue application on total P in soil (mg kg-1) 

Treatments
Total Phosphorus in Soil (mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm
T1-Control 308.74 284.23 237.56 194.90

T2-2 t ha-1 of sorghum residue 332.08 315.29 256.62 216.96

T3-4 t ha-1 of sorghum residue 358.61 337.53 274.53 234.53

T4-6 t ha-1 of sorghum residue 395.78 358.23 292.23 258.56
LSD (p=0.05 level) 23.60 30.47 14.18 19.87

3.10.3. Soil Total Potassium

Soil total potassium was found to be significantly influenced by graded levels of residue 
application across different soil depths and it varied from 13355.0 to 22133.3 mg kg-1 over 
no residue application. It was recorded that the total K in soil significantly increased with the 
increase in the levels of crop residue application and decreased with the increase in the soil 
depth. The increase in total potassium with the application of sorghum residue @ 2, 4 and 
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6t ha-1 was found to be 7.02, 10.03 and 14.28% respectively over no residue application. 
(Table 23 & Figure 21).

Table 23: Effect of graded levels of residue application on total K in soil (mg kg-1)

Treatments Total Potassium in soil ( mg kg-1 )

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 19366 16500 14580. 13355

T2-2 t ha-1 of sorghum residue 20726 17366 15400 14255

T3-4 t ha-1 of sorghum residue 21310 18250 16333 15366

T4-6 t ha-1 of sorghum residue 22133 19233 17466 16450

LSD (p=0.05 level) 23.60 30.47 14.18 19.87

  

Fig. 19, 20 &21: Effect of graded levels of residue application on total N, P and K in soil at 0-60 cm profile depth

3.10.4. Total Zinc in Soil 

Soil total zinc varied from 21.75 to 86.58 mg kg-1 with the application of different crop 
residue levels across different soil depths. It was recorded that the total Zn in soil significantly 
increased with the increase in the levels of crop residue application and decreased with the 
increase in the soil depth. The application of sorghum residue @ 2, 4 and 6t ha-1 at 0-15 cm 
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depth, significantly increased the soil total zinc by 5.09, 14.06 and 25.93% respectively over 
no residue application. The lowest total zinc content was observed at 45-60 cm depth which 
varied from 21.75 to 38.92 mg kg-1(Table 24 & Figure 22).

Table 24: Effect of graded levels of residue application on total Zn in soil (mg kg-1)

Treatments
Total Zinc in Soil (mg kg-1)

0 -15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 68.75 43.58 32.75 21.75

T2-2 t ha-1 of sorghum residue 72.25 47.75 37.25 27.92

T3-4 t ha-1 of sorghum residue 78.42 53.25 45.42 32.75

T4-6 t ha-1 of sorghum residue 86.58 62.08 50.42 38.92

LSD (p=0.05 level) 9.17 11.20 11.73 8.38

3.10.5. Total Manganese in Soil

Soil total manganese was found to be significantly influenced by graded levels of residue 
application across different soil depths and it varied from 343.0 to 877.83 mg kg-1 over no 
residue application. It was recorded that the total Mn in soil  significantly increased with the 
increase in the levels of crop residue application and decreased with the increase in the soil 
depth. The increase in total manganese with the application of sorghum residue @ 2, 4 and 
6t ha-1 was found to be 6.24, 10.85 and 19.16% respectively over no residue application 
(Table 25 & Figure 23). 

Table 25: Effect of graded levels of residue application on total Mn in soil  (mg kg-1) 

Treatments
Total Managnese in Soil (mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 736.67 579.67 454.00 343.00

T2-2 t ha-1 of sorghum residue 782.67 637.33 483.83 391.50

T3-4 t ha-1 of sorghum residue 816.60 675.33 518.50 425.50

T4-6 t ha-1 of sorghum residue 877.83 731.67 586.83 486.33

LSD (p=0.05 level) 57.32 71.17 28.56 66.17

3.10.6. Total Iron in Soil

Increasing levels of residue application significantly increased the soil total Fe content across 
different soil depths and it varied from 15202 mg kg-1 to 33646 mg kg-1. It was observed that 
the total Fe in soil significantly increased with increase in the levels of residue application 
and decreased with the increase in the soil depth. Application of residue @ 2, 4 and 6 t ha-1 
significantly increased the soil total iron by 7.34, 17.11 and 32.19% respectively over no 
residue application. The lowest total iron content was observed in 45-60 cm depth which 
varied from 15202 to 19341mg kg-1. (Table 26 & Figure 24).
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Table 26: Effect of graded levels of residue application on total Fe in soil (mg kg-1) 

Treatments
Total Iron in Soil ( mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control  25452 21014 18623 15202

T2-2 t ha-1 of sorghum residue 27329 23370 19554 16678

T3-4 t ha-1 of sorghum residue 29809 24851 21199 17546

T4-6 t ha-1 of sorghum residue 33646 27047 23029 19341

LSD (p=0.05 level) 2637.59 3202.83 2620.26 2043.56

3.10.7. Total Copper in Soil 

Total copper in soil varied from 24.17 to 82.00 mg kg-1 across the levels of residue treatments 
and the soil depths studied. In general, it was observed that the total Cu  in soil significantly 
increased with the increase in the level of residue application and decreased with the increase 
in the soil depth. At the soil surface (0-15cm depth, the application of sorghum residue @ 
2, 4 and 6t ha-1 significantly increased the total Cu in soil by 10.76, 24.12 and 43.03% 
respectively, over no residue application. The lowest total Cu content in soil was observed in 
45-60 cm depth which varied from 24.17 to 44.33 mg kg-1(Table 27 & Figure 25).

Table 27: Effect of graded levels of residue application on total Cu in soil (mg kg-1) 

Treatments
Total Copper in Soil (mg kg-1)

0-15 cm 15-30 cm 30-45 cm 45-60 cm

T1-Control 57.33 42.17 28.83 24.17

T2-2 t ha-1 of sorghum residue 63.50 48.27 33.50 29.91

T3-4 t ha-1 of sorghum residue 71.33 57.17 41.83 35.50

T4-6 t ha-1 of sorghum residue 82.00 63.50 52.08 44.33

LSD (p=0.05 level) 12.02 12.32 5.82 11.51
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Fig. 22, 23, 24 and 25: Effect of graded levels of residue application on Total soil Zn, Mn, Fe and Cu 

Plate: Field view after crop harvest in sorghum cowpea system
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3.11. Effect of Graded Levels of Residue Application on Uptake of Nutrients by Cowpea 

The long term application of graded levels of residue resulted in a significant influence on the 
nutrient uptake of cowpea. N uptake of cowpea varied from 256.4 to 380 kg ha-1 across the 
treatments (Table 28) (Fig. 26). Significantly highest (380 kg ha-1) uptake of N was observed 
with application of sorghum stover @6t ha-1 followed by @4t ha-1 and 2t ha-1 which were 
48.2%, 24% and 8.5% higher respectively compared to control (256.4 kg ha-1). Similar 
trend was observed also in potassium uptake. The uptake of potassium by cowpea varied 
from 83.6 to 130 kg ha-1 across the treatments. The uptake of potassium increased with the 
increase in the level of residue application. The treatments T2, T3 and T4 treatments recorded 
22%, 33.5% and 55.5%, higher potassium uptake respectively compared to control (83.6 kg 
ha-1). Among the secondary nutrients, only uptake of Magnesium was found to be significant. 
The uptake of Mg varied from 42.3 to 52.3 kg ha-1 across the treatments. Significantly higher 
Mg uptake was observed with T3 (52.5 kg ha-1) and T4 (52.3 kg ha-1) treatments compared to 
control (42.3 kg ha-1). 

Fig. 26: Effect of graded levels of residue application on primary nutrient uptake by cowpea

Table 28: Effect of graded levels of residue application on primary and secondary nutrient 
uptake by cowpea 

Treatments
N P K Ca Mg S

(kg ha-1)

T1-Control 256.4 11.1 83.6 173.7 42.3 9.5

T2-2 t ha-1 of sorghum residue 278.1 15.2 102.2 215.4 43.3 15.0

T3-4 t ha-1 of sorghum residue 317.7 15.7 111.6 240.3 52.5 16.8

T4-6 t ha-1 of sorghum residue 380.1 19.8 130.0 239.6 52.3 17.1

LSD (p=0.05 level) 45.0 NS 16.9 NS 5.49 NS

Among all micronutrients, only Zn and B uptake were significantly influenced by residue 
treatments. Application of sorghum stover @6t ha-1 recorded significantly higher uptake of 
Zinc (1.12 kg ha-1) and Boron (2.24 kg ha-1) (Table 29). Since, nutrient uptake is the function 



97

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

of crop yield, higher crop yields were recorded with the application of higher amounts of 
residues as a result of greater uptake of nutrients by cowpea.

Table 29: Effect of graded levels of residue application on micronutrient uptake by cowpea 

Treatments
Fe Cu Zn Mn B

(Kg ha-1)

T1-Control 2.42 0.02 0.76 0.89 1.80

T2-2 t ha-1 of sorghum residue 3.55 0.03 0.88 0.98 2.03

T3-4 t ha-1 of sorghum residue 4.63 0.03 0.99 1.35 2.18

T4-6 t ha-1 of sorghum residue 4.39 0.04 1.12 1.36 2.24

LSD (p=0.05 level) NS NS 0.18 NS 0.19

3.12. Effect of Graded Levels of Residues Application on Uptake of Nutrients by Sorghum 

In the present study, plant samples collected after the harvest of sorghum crop in the year 
2011 were analyzed for nutrient uptake. The uptake of nitrogen by sorghum crop varied from 
87.9 to 118.6 kg ha-1 across all the treatments. Significantly higher N uptake (118.6 kg ha-1) 
was observed with the application of sorghum stover @ 6t ha-1 (118. kg ha-1) which was on 
par with application of sorghum residue @ 4t ha-1 (114 kg ha-1) compared to control (Table 
30). The increase in N uptake under 2, 4 and 6 t ha-1 was to the tune of 12%, 30% and 35% 
respectively over the control (no residue application). The P uptake increased significantly 
with application of sorghum stover and was found significantly higher (22.2 kg ha-1) with 
the application of sorghum stover @ 6t ha-1 which was on par with application of sorghum 
residue @ 4t ha-1 (21.1 kg ha-1) compared to control (12.51 kg ha-1) (Fig. 27). The K uptake 
by sorghum significantly varied with the application of sorghum stover and ranged from 44.6 
kg ha-1to 57.3 kg ha-1across the treatments. K uptake was found significantly higher (57.3 kg 
ha-1) with application of sorghum stover @ 6t/ha compared to control (44.6 kg ha-1).  

Fig. 27: Effect of graded levels of residue application on major and secondary nutrients uptake by sorghum
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Table 30: Effect of graded levels of residue application on major and secondary nutrients 
uptake (kg ha-1) 

Treatments
N P K Ca Mg S

(kg ha-1)
T1-Control 87.9 12.5 44.6 11.1 6.5 19.4

T2-2 t ha-1 of sorghum residue 98.8 16.0 49.1 15.3 8.0 21.1

T3-4 t ha-1 of sorghum residue 114.0 21.1 55.4 19.9 10.5 23.6

T4-6 t ha-1 of sorghum residue 118.6 22.2 57.3 20.8 12.5 24.4

LSD (p=0.05 level) 9.3 6.2 9.0 1.23 1.03 NS

The Calcium uptake varied from 11.1 to 20.8 kg ha-1. Significantly higher Ca uptake was 
observed with application of sorghum stover @ 6t ha-1 (20.8 kg ha-1) which was on par 
with application of sorghum stover @ 4t ha-1 (19.9 kg ha-1) compared to control (11.1 kg 
ha-1) (Table 31). The Magnesium uptake varied from 6.5 kg ha-1 to 12.5 kg ha-1 across the 
treatments (Fig. 28). There was no significant difference of application of sorghum stover on 
S uptake by sorghum crop.

Fig. 28: Effect of graded levels of residue application on secondary nutrient uptake (kg ha-1) by sorghum

The micronutrient uptake by sorghum crop was found to be significantly influenced with 
application of sorghum stover. The Fe uptake varied from 3.9 to 9.3 kg ha-1 across the 
treatments and was found significantly higher with application of sorghum stover @ 6t ha-1 
(9.3 kg/ha) (Table 31). Similar results were observed with Zn, Cu, Mn and B uptake by 
sorghum crop.

Table 31: Effect of graded levels of residue application on micro nutrient uptake by sorghum 

Treatments
Fe Zn Cu Mn B

(kg ha-1)

T1-Control 3.9 0.86 0.68 0.41 0.60

T2-2 t ha-1 of sorghum residue 7.1 0.98 0.98 0.65 0.84

T3-4 t ha-1 of sorghum residue 8.9 1.11 1.12 0.74 0.99

T4-6 t ha-1 of sorghum residue 9.3 1.20 1.23 0.91 1.06

LSD (p=0.05 level) 0.36 0.06 0.05 0.03 0.03



99

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

3.13. Controlled Studies on C and N Mineralisation as Influenced by Long-term Use of 
Minimum Tillage and Graded Levels of Residue Application under Different Moisture Regimns

Main Treatments: Residue treated Soils: 4

S1- Control, S2-2 t ha-1 of sorghum residue 

S3-4 t ha-1 of sorghum residue

S4-6 t ha-1 of sorghum residue

Sub treatments: Incubation temperature: 2

T1- 28.40C; T2- 26.40C

Sub-sub treatments: Moisture levels: 2

M1- Moisture at field capacity

M2- Moisture at 50% field capacity

The mineralization of carbon and nitrogen were 
studied for 14 consecutive weeks and the results 
are presented hereunder.

3.13.1. Mineralization of Carbon

The results of this study revealed that application 
of residues, moisture and temperature 
significantly affected the carbon mineralization 
in soil. Mineralization of soil carbon significantly 
increased with the increase in the amount of 
sorghum stover applied. It was found highest with 
residue applied @ 6t/ha. Mineralization of carbon 
increased throughout the incubation period and it 
varied from 9.4 to 22.3 mg kg-1 of soil (Table 32 
a & b) during the first week of incubation across 
the residues. The amount of carbon mineralized 
was found to be lowest with S1 treatment, where 
no residue was applied (Fig. 29). It was observed 
that, on an average, mineralization of carbon was 
78% and 61% higher with S4 and S3 treatments 
respectively compared to S1 treatment (control). 

Among the two moisture levels studied, M1 
(moisture at field capacity) recorded higher 
amounts of mineralized carbon compared to M2 
(moisture level at 50% field capacity) (Fig. 30). 
During the period of incubation, the average 

Fig. 29: Effect of graded levels of residue 
application on carbon mineralization (mg g-1) in 

soil under controlled conditions

Fig. 30: Effect of moisture levels on carbon 
mineralization (mg g-1) in soil under controlled 

conditions

Fig. 31: Effect of temperature treatments on  
carbon mineralization under controlled 

conditions
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percentage increase in mineralization with M1 treatments was 22% in comparison to M2 
treatment. 

Incubation temperature had a significant effect on carbon mineralization in soil. It was 
observed that C mineralization was higher (22%) at higher temperature (T1: 28.40C) compared 
to lower temperature treatment (T2: 26.40C) (Fig. 31). The interaction effects of residue and 
moisture levels (SxM), temperature and moisture levels (TxM) were found to be significant. 

Table 32 (a): Effect of graded levels of residue application, moisture and incubation 
temperature on carbon mineralization (mg kg-1)

Treatment
Mineralized carbon mg/kg of soil

week1 week 2 week 3 week 4 week 5 week 6 week 7

Main Treatments

S1 9.4 26.3 48.9 66.1 66.1 81.5 95.4
S2 22.3 46.7 69.2 92.0 92.0 118.1 142.3
S3 17.6 39.0 59.0 81.5 108.0 134.0 157.9
S4 21.9 46.5 68.9 94.2 123.1 150.0 173.2

Sub Treatments
M1 20.0 42.7 65.8 90.5 90.5 117.4 142.9
M2 15.6 36.5 57.1 76.4 76.4 97.9 118.0

Sub-Sub Treatments
T1 19.1 42.6 65.4 87.6 87.6 114.6 139.8
T2 16.4 36.6 57.5 79.3 79.3 100.7 121.0
Residue levels(S) ** ** ** ** ** ** **
Moisture levels (M) ** ** ** ** ** ** **
Temperature levels(T) ** ** ** ** ** ** **
RxM ** ** ** ** ** ** **
RxT ** ** ** ** ** ** **
MxT ** ** ** ** ** ** **

** Significant @ p=0.01

Table 32 (b): Effect of graded levels of residue application, moisture and incubation 
temperature on carbon mineralization (mg kg-1)

Treatment
Mineralized carbon mg/kg of soil

week 8 week 9 week10 Week11 week12 week 13 week 14
Main Treatments

S1 107.8 119.2 127.1 133.3 138.7 147.8 151.7

S2 163.9 184.2 201.0 215.4 226.8 245.0 250.6

S3 178.4 196.3 210.0 222.2 232.9 241.0 248.6

S4 195.1 213.9 229.3 242.2 253.4 260.2 266.9

Sub Treatments
M1 165.5 186.4 203.6 218.1 230.3 248.1 254.8

M2 135.8 152.1 165.6 175.8 184.7 198.9 204.2

Sub-Sub Treatments
T1 162.3 183.0 199.8 213.2 224.0 239.6 245.2
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Treatment
Mineralized carbon mg/kg of soil

week 8 week 9 week10 Week11 week12 week 13 week 14
T2 139.1 155.4 169.3 180.8 191.0 207.4 213.8
Residue levels (S) ** ** ** ** ** ** **
Moisture levels (M) ** ** ** ** ** ** **
Temperature levels (T) ** ** ** ** ** ** **
RxM ** ** ** ** ** ** **
RxT ** ** ** ** ** ** **
MxT ** ** ** ** ** ** **

** Significant @ p=0.01

3.13.2. Mineralization of Nitrogen 

Beside Carbon, the mineralization of Nitrogen 
was also studied with the application of graded 
levels of residues, at two moisture levels and 
at two temperature levels by incubating the 
soil samples for 14 weeks. On an average, 
mineralization of N was significantly higher 
with application of sorghum stover @ 4t/ha 
(135.1 mg/kg) compared to other treatments 
(Fig. 32). The mineralization of nitrogen 
increased up to 10th week of incubation from 
27.34 mg/kg to 220.25 mg/kg at different 
moisture and temperature levels. A further 
decline in mineralizable N beyond 10 weeks 
after incubation is observed (Table 33 a & 
b). The mineralizable N decreased to 75.76 
mg/kg after 14 weeks of incubation. It was 
also observed that on an average, residue 
application at 6 t ha-1 recorded 40.5% higher 
mineralization rates of N compared to control 
or no residue application. 

On an average, among the two temperatures 
studied, mineralization of N was significantly 
higher (127.2mg/kg) with T1 (incubation at 
28.40C) compared to T2 (110.3 mg/kg with 
incubation at 28.40C) (Fig. 33). On an average, 
after 14 weeks of incubation, among the two 
moisture levels, mineralization of N was 
observed significantly higher with moisture at 

Fig. 32: Effect of graded levels of residue application 
on N mineralization under controlled conditions

Fig. 33: Effect of different temperatures on N 
mineralization under controlled conditions

Fig. 34: Effect of different moisture levels on 
mineralization of nitrogen under controlled conditions
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field capacity (135.0 mg/kg) followed by moisture at 50% field capacity (102.5 mg/kg). It was 
found that the mineralization rate of N at field capacity was 32% higher compared to the 
sample incubated with moisture at 50% field capacity (Fig. 34).

Table 33 (a): Effect of residue application, moisture levels and incubation temperature on 
nitrogen mineralization (mg kg-1) in soil

Nitrogen Mineralization (mg kg-1) in soil

week1 week 2 week 3 week 4 week 5 week 6 week 7

Main Treatments

S1 21.84 49.34 56.19 64.57 78.71 93.73 107.08

S2 19.48 49.18 67.63 85.15 111.37 122.58 140.73

S3 27.34 64.85 79.75 94.46 122.04 146.32 161.64

S4 28.37 58.54 72.34 91.75 138.09 156.37 174.32

Sub Treatments
M1 26 63.77 79.68 99.42 133.99 147.71 165.36

M2 22.51 47.19 58.27 68.54 91.11 111.79 126.53

Sub-Sub Treatments

T1 25 58.91 73.8 93.71 120.72 140.66 156.03

T2 23.51 52.04 64.15 74.25 104.38 118.83 135.85

Residue levels (S) ** ** ** ** ** ** **

Moisture levels (M) ** ** ** ** ** ** **

Temperature levels (T) ** ** ** ** ** ** **

** Significant @ p=0.01

Table 33 (b): Effect of residue application, moisture levels and incubation temperature on 
nitrogen mineralization (mg kg-1) in soil

Nitrogen Mineralization (mg kg-1) in soil
week 8 week 9 week10 Week11 week12 week 13 week 14

Main Treatments
S1 124.29 198.59 151.29 139.06 107.8 72.41 57.31
S2 161.86 205.69 182.38 162.08 124.58 74.35 51.75
S3 213.02 245.89 220.25 185.97 140.58 113.86 75.76
S4 209.72 256.47 222.92 157.56 150.37 104.45 57.24

Sub Treatments
M1 190.96 244.93 209.51 160.6 139.32 97.89 69.04
M2 1649 208.4 178.91 161.73 122.35 84.65 51.99

Sub-Sub Treatments
T1 25 58.91 73.8 93.71 120.72 140.66 56.03
T2 23.51 52.04 64.15 74.25 104.38 118.83 135.85
Residue levels (S) ** ** ** NS ** ** **
Moisture levels (M) ** ** ** NS ** ** **
Temperature levels(T) ** ** ** NS ** ** **

** Significant @ p=0.01
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3.14. Influence of Residue Application on Nitrogen Chemical Fractions 

In addition to the influence of graded levels of surface residue application + minimum tillage 
+ 30 kg N on cowpea crop yield, the effect on hydrolyzable and non-hydrolyzable nitrogen 
fractions /pools was also studied under this experiment. The methodology adopted for 
estimation of various N fractions was described in the earlier section. The data thus obtained 
on different N fractions was statistically analyzed using the same design (randomized block 
design) in which this field experiment was conducted and the results are discussed hereunder.  

The data obtained on various N fractions as influenced by different levels of residue application 
are presented in Tables 34 and 35. Most of the N fractions studied were significantly influenced 
by the treatments except NO3-N, the unidentified N and fixed ammonical N. Among the 
inorganic N fractions studied (Fig. 35), exchangeable NH4-N was significantly influenced by 
the residue treatments and varied from 20.4 to 30.7 mg kg-1 across the treatments. On the 
other hand, nitrate N was not influenced by the residue application and varied from 14.4 
and 19.3 mg kg-1 across the treatments. The plots which received sorghum residue @ 6 t ha-1 
along with 30 kg N ha-1 recorded significantly highest exchangeable NH4-N (30.7 mg kg-1) as 
well as NO3-N (19.3 kg ha-1) followed by the treatment receiving sorghum residue @ 4 t ha-1. 

Fig. 35: Inorganic N fractions as influenced by residue application 

The organic N fractions were estimated in terms of total hydrolyzable N which comprised of 
hydrolysable NH4-N, hexosamine-N, amino acid-N and unidentified N. Total hydrolyzable 
N varied from 416.9 to 545.7 mg kg-1 across the treatments and was significantly influenced 
by the residue application (Fig. 36). It was observed that with the increase in the amount of 
residue applied, the total hydrolyzable N content in this case also increased significantly. 
It was observed that the plots receiving 6 t ha-1 and 4 t ha-1 of sorghum residue maintained 
total hydrolysable N to the extent of 545.7 and 521.9 mg kg-1 and the values were almost 
at par with each other. Of the fractions, hydrolyzable NH4-N ranged from 53.3 to 71.7 mg 
kg-1, hexosamine N from 13.0 to 22.3 mg kg-1, amino acid N from 307.0 to 384.3 mg kg-1 
and unidentified N from 43.7 to 67.4 mg kg-1 across the treatments. It was observed that the 
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treatment which received 6 t ha-1 of sorghum residue was at par with 4 t ha-1 of sorghum 
residue treatment in terms of organic N fractions viz., hydrolyzable NH4-N, Hexosamine- N, 
amino acid-N and unidentified N. Of the various fractions of total hydrolyzable N, amino 
acid N constituted 72%, hydrolyzable NH4-N contributed 12.7%, hexosamine N constituted 
3.8% while the unidentified N was 11.5% (Fig. 37). 

Fig. 36: Influence of graded levels of residue 
application on organic N fractions (mg kg-1)

Fig. 37: Influence of graded levels of residue 
application on total hydrolyzable N (mg kg-1)

The fixed ammonical N varied from 171.5 to 202.7 mg kg-1 across the treatments and was 
not significantly influenced by the treatments. Available N and total N were significantly 
influenced by the management treatments and varied from 276.7 to 357.6 kg ha-1 and 
1324.6 to 1758.8 kg ha-1 across the treatments. Among the treatments, application of 6 t ha-1 
recorded significantly highest amount of available N (357.6 kg ha-1) and total N (1758.8 kg 
ha-1) followed by the other treatments. 

Table 34: Effects of graded levels of residue application on nitrogen fractions (mg kg-1) 

Treatments 
Nitrogen Fractions (mg kg-1)

Exch. 
NH4-N

Nitrate- N Total 
Hydrolyzable N

Hydrolyzable 
NH4-N

Hexosamine 
N

T2-2 t ha-1 of sorghum residue 22.8 17.5 484.2 60.8 19.2

T3-4 t ha-1 of sorghum residue 28.1 17.8 521.9 64.3 19.5

T4-6 t ha-1 of sorghum residue 30.7 19.3 545.7 71.7 22.3

LSD (p=0.05 level) 4.02 NS 36.3 6.54 5.19

Table 35: Effects graded levels of residue application on nitrogen fractions (mg kg-1) 

Treatments 
Nitrogen Fractions (mg kg-1)

Amino acid Unidentified N Fixed Ammonical N Available N Total N
T1-Control 307.0 43.7 171.5 276.7 1324.6

T2-2 t ha-1 of sorghum residue 357.0 47.2 183.4 324.5 1506.5

T3-4 t ha-1 of sorghum residue 369.4 68.8 198.1 342.8 1603.4

T4-6 t ha-1 of sorghum residue 384.3 67.4 202.7 357.6 1758.8

LSD (p=0.05 level) 30.3 NS NS 29.3 137.3
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3.15. Effect of Graded Levels of Residue application on Physical, Chemical and Soil 
Biological Properties 

In the present study, soil quality assessment was carried out to quantify the effect of long term 
application of graded levels of crop residue under minimum tillage. Surface soil samples 
(0-5 cm) were collected from the treated plots after the harvest of Sorghum crop in the year 
2010 i.e after 6 years of experimentation. The soil pH in these soils varied from 6.75 to 7.12 
across the treatments. The pH in the soil is significantly higher with control (7. 12) followed 
by application of sorghum stover @ 2 t ha-1 (6.92).

Significantly lowest pH was observed with the application of sorghum stover @ 6 t ha-1 
(6.75) (Table 36). The organic carbon in these soils varied from 4.36 to 6.80 g kg-1across 
the treatments. Significantly higher organic carbon (6.80 g kg-1) content was recorded with 
the application of sorghum stover @ 6t ha-1 followed by @ 4t ha-1 (5.48 g kg-1) compared to 
control (4.36 g kg-1). An increase in organic carbon to the extent of 55.89% was observed with 
application of sorghum stover @ 6t/ha compared to control after 6 years of experimentation.

The available nitrogen (alkaline –KMnO4) 
in these soils varied from 131 kg ha-1 to 
170.9 kg ha-1 across the treatments (Table 
37). Significantly higher amount of N was 
observed with the application of sorghum 
stover @ 4t ha-1 which was 30.4% higher 
compared to control. Application of 2t and 
6t ha-1 of sorghum stover also recorded an 
increase in available N to the extent of 19.5 
and 28% respectively. The available P in 
these soils varied from 9.1 to 10.67 kg ha-1 
across the treatments. Significantly higher available P (10.67 kg ha-1) was observed with 
application of sorghum residue @ 4t/ha followed by application of sorghum stover @ 2t ha-1 
(9.56 kg ha-1). Available K in these soils varied from 188.8 kg ha-1 to 288.8 kg ha-1 across the 
treatments. Significantly higher available K in these soils was observed with application of 
sorghum stover @ 4t ha-1 (288.8 kg ha-1) compared to control (Fig. 38). 

Table 36: Effect of graded levels of residue application on soil properties 

Treatments pH EC OC 
(g kg-1)

N P K

(kg ha-1)

T1-Control 7.12 0.05 4.36 131.03 9.10 188.81

T2-2 t ha-1 of sorghum residue 6.92 0.05 5.15 156.56 9.56 227.18

T3-4 t ha-1 of sorghum residue 6.81 0.07 5.48 170.91 10.67 288.98

T4-6 t ha-1 of sorghum residue 6.75 0.08 6.80 167.43 9.44 226.96

LSD (p =0.05) 0.14 NS 0.95 8.52 0.67 5.63

Fig. 38: Effect of graded levels of residue application on 
soil available N, P and K
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Exchangeable calcium in these soils varied 
from 5.54 cmol kg-1 to 8.79 cmol kg-1 (Table 
37). Significantly higher exchangeable 
calcium (8.79 cmol kg-1) was observed 
with application of sorghum stover @ 6t/
ha followed by @ 4t/ha (7.44 cmol kg-1). 
Similarly, significantly higher exchangeable 
magnesium (2.82 cmol kg-1) was observed 
with the application of sorghum stover @ 
6t/ha followed by @ 4t/ha (2.68 cmol kg-1). 
Significantly higher available sulphur (61.6 
kg ha-1) was  recorded with application of sorghum stover @ 6t ha-1 compared to that applied 
@ 4t ha-1 (50.4 kg ha-1) (Fig. 39).

Table 37: Effect of graded levels of residue application on soil available secondary nutrients

Treatments Ca (cmol kg-1) Mg (cmol kg-1) S (kg ha-1)

T1-Control 5.54 1.87 11.34

T2-2 t ha-1 of sorghum residue 6.32 2.27 33.3

T3-4 t ha-1 of sorghum residue 7.44 2.68 50.4

T4-6 t ha-1 of sorghum residue 8.79 2.82 61.6

LSD (p=0.05 level) 0.20 0.15 4.45

Significantly higher Fe content (5.04 ug g-1) in soils was observed with application of sorghum 
residue @ 4t ha-1 which was on par with application of sorghum stover @ 2t ha-1 (4.95 ug 
g-1). Significantly higher Cu content (1.51 ug g-1) in soils was observed with application of 
sorghum stover @ 6t/ha compared to control (1.29 ug g-1). Similar results were observed 
with Zn content in soils which was found significantly higher (0.71 ug g-1) with application 
of sorghum stover @ 6t/ha compared to control (0.64 ug g-1) (Table 38). Soil available Mn 
content in these soils was not significantly influenced by residue treatments. The available 
B content in these soils varied from 0.39 to 0.83 ug g-1 across the treatments. Significantly 
higher B content in these soils was significantly higher (0.83 ug g-1) with application of 
sorghum stover @ 4t/ha compared to control (0.39 ug g-1).

Table 38: Effect of graded levels of residue application on soil available micronutrients (ug g-1) 

Treatments
DTPA Available micronutrients (ug g-1)

Fe Cu Zn Mn B
T1-Control 3.55 1.29 0.64 34.19 0.39

T2-2 t ha-1 of sorghum residue 4.81 1.37 0.65 35.63 0.56

T3-4 t ha-1 of sorghum residue 4.95 1.37 0.67 35.14 0.74

T4-6 t ha-1 of sorghum residue 5.04 1.51 0.71 35.70 0.83

LSD (p=0.05 level) 0.12 0.06 NS 0.58 0.05

Fig. 39: Effect of graded levels of residue application on 
soil available secondary nutrients 
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Among the biological properties, significantly higher microbial biomass carbon (MBC) and 
dehydrogenase activity (DHA) was observed in soil with application of sorghum stover @ 
4t ha-1 (Table 39). The MBC content in the soils varied from 52.4 ug kg-1 to 78.6 ug kg-1 

across the treatments. Significantly higher MBC content (78.66 ug kg-1) in soils was observed 
with application of sorghum stover @ 4t ha-1 followed by 6t ha-1 (72.8 ug kg-1) compared to 
control (Fig. 40). The MBC content was found to be higher to the extent of 50% compared to 
control. The labile carbon content in the soils varied from 256.9 to 326.7 µg g-1 of soil across 
the treatments. Significantly higher labile carbon content (326.7 µg g-1) was recorded with 
the application of sorghum stover @ 6t ha-1 followed by @ 4t/ha (283.67 µg g-1). The DHA 
activity in these soils varied from 0.56 to1.55 TPF hr-1g-1

. Significantly higher DHA activity 
(1.55 TPF hr-1g-1) was recorded with application of sorghum stover @ 4t ha-1 (Table 39).

Among the physical properties, significantly lower bulk density (1.10 Mgm-3) was observed 
with application of sorghum stover @ 6t ha-1 which was on par with application of sorghum 
stover @ 4t ha-1 (1.13 Mgm-3) compared to control (1.20 Mg m-3) (Fig. 40 & 41). Application 
of residues had a significant influence on the mean weight diameter of the soil aggregates 
and it varied from 0.15 to 0.32 mm. The MWD was significantly higher with application of 
sorghum stover @ 6t ha-1 (0.32mm) compared to control (0.15mm).  

Fig. 40: Effect of graded levels of residue application 
on microbial biomass carbon and labile carbon

Fig. 41: Effect of graded levels of residue application on 
bulk density and mean weight diameter of aggregates

Table 39: Effect of graded levels of residue application on biological and physical properties 

Treatments MBC
ug kg-1

LC
µg g-1 of soil

DHA
µg TPF hr-1g-1

BD
Mg m-3

MWD
mm

T1-Control 52.43 256.97 0.56 1.20 0.15

T2-2 t ha-1 of sorghum residue 63.76 263.63 0.65 1.26 0.15

T3-4 t ha-1 of sorghum residue 78.66 283.67 1.55 1.13 0.25

T4-6 t ha-1 of sorghum residue 72.87 326.71 0.75 1.10 0.32

LSD (p=0.05 level) 1.74 5.41 0.036 0.03 0.02
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3.16. Effect of Graded Levels of Crop Residues Applied to Soil on Mineral N

In the present study, effect of graded level of 
crop residues applied to soil under minimum 
tillage on soil mineral N (Ammonical and 
nitrate N) was assessed at two phenological 
stages i.e., at 50% flowering and near to 
maturity of the crop. Surface soil samples 
from 0-15 cm were collected, air dried and 
extracted with 2 N KCl. The mineral N was 
estimated by distillation method using N 
analyzer of Pelican make (Chennai, India). 
Ammonical N in these soils varied from 19.9 
to 26.6 mg kg-1across the treatments. Significantly higher ammonical N (26.6 mg kg-1) was 
observed with application of sorghum residue @ 6t ha-1 compared to control (19.9 mg kg-1) at 
50% flowering stage of the cowpea crop (Table 40). The amount of Nitrate N recorded was 
significantly higher with application of sorghum residue @ 2t ha-1 (57.6 mg kg-1) followed by 
@ 6t ha-1 (53.8 mg kg-1) compared to control (45.1 mg kg-1) (Fig. 42). 

Table 40: Effect of graded levels of residues on mineral N in soil under minimum tillage at 
50% flowering in cowpea

Treatments Ammonical N mg kg-1 Nitrate N mg kg-1 % increase in mineralizable N

T1-Control 19.90 45.1

T2-2 t ha-1 of sorghum residue 24.9 57.6 26.91

T3-4 t ha-1 of sorghum residue 23.8 51.8 16.30

T4-6 t ha-1 of sorghum residue 26.6 53.8 23.61

LSD (p=0.05 level) 0.89 1.41

Mineral N release was studied at near to 
maturity stage of the crop. The amount of 
ammonical nitrogen in the soil varied from 
17.8 to 23.3 mg kg-1 across the treatments 
(Table 41). Significantly higher (23.3 mg kg-1) 
ammonical N was observed with application 
of sorghum residue @ 6t/ha followed by @ 
4t/ha (19.7 mg kg-1) compared to control 
(17.8 mg kg-1) (Fig. 42). Nitrate N content 
was found significantly higher (70.5 mg kg-1) 
with application of sorghum residue @ 4t/ha 
followed by application of sorghum residue @ 6t/ha (61.4 mg kg-1) compared to control (55.5 
mg kg-1) at near to maturity stage (Fig. 43).

Fig. 42: Effect of graded levels of crop residue 
application on N mineralization at 50% flowering  

of cowpea crop (2012)

Fig. 43: Effect of graded levels of residues on 
mineralization of nitrogen (mg kg-1) near to harvest in 

cowpea crop (2012)
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Table 41: Effect of graded levels of residues on mineralization of nitrogen (mg kg-1) near 
maturity of cowpea in 2012

Treatments Ammonical N mg kg-1 Nitrate N mg kg-1 % increase in mineralizable N 

T1-Control 17.8 55.8

T2-2 t ha-1 of sorghum residue 18.2 61.0 7.6

T3-4 t ha-1 of sorghum residue 19.7 70.5 22.6

T4-6 t ha-1 of sorghum residue 23.3 61.4 15.1

LSD (p=0.05 level) 0.99 0.87

3.17. Influence of Graded Levels of Residue Application on Soil Quality Indicators and Soil 
Quality Index

In this study, principal component analysis of soil quality parameters was carried out to 
identify the predominant soil quality indicators affecting soil quality. 

3.18. Principal Component Analysis 

Data pertaining to the influence of graded levels of residue application under minimum 
tillage in Alfisols of Hyderabad on 20 soil quality indices has been statistically analyzed. It 
was observed that after 8th year of the experimentation, out of 20 soil quality parameters, 6 
Parameters viz., pH, organic carbon, Cu, Zn, Mn, DHA were insignificant and hence were 
dropped from further PCA analysis. In the PCA of 14 variables, three PCs had Eigen values 
>1 and explained 93% variance in the data set (Table 42). In PC1, N, P, K, Ca, Mg, S, LC, 
Fe, B, MBC, BD, MWD were highly weighted variables. In PC2 available water content and 
labile carbon and in PC3, EC were the highly weighted variables. 

Table 42: Principal component analysis of soil quality 

 Soil Quality Parameters
Component

PC1 PC2 PC3

Eigen Values 15.54 1.79 1.29

% of Variance 77.71 8.98 6.47

Cumulative % 77.71 86.70 93.17

pH -.948 .103 .075

EC -.618 .263 .557

OC .876 .290 .013

N .977 .088 -.003

P .956 .044 .106

K .974 -.157 .141

S .928 -.265 -.169

Ca .980 -.086 .154

Mg .989 -.086 .075

LC .894 .412 .138
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 Soil Quality Parameters
Component

PC1 PC2 PC3

Fe .898 -.271 -.277

Cu .876 .381 -.109

Mn .647 -.059 -.648

Zn .806 .373 .176

B .990 -.016 .094

MBC .894 -.404 .170

DHA .479 -.752 .421

BD -.974 .101 .049

MWD .899 .223 .318

AWC .819 .441 -.108

3.19. Soil Quality Indices

Soil quality indices were computed using fourteen key soil quality indicators viz., EC, N, P, K, 
Ca, Mg, S, Fe, B, LC, MBC, BD, MWD, and AWC. The soil quality indices varied from 6.6 to 
9.58 across the residue management treatments (Table 43). Application of sorghum stover @ 6t 
ha-1 recorded significantly higher soil quality index of 9.58 which was on par with T3 treatment 
(application of sorghum stover @ 4t ha-1 ) (9.28). The soil quality indices, when reduced to a 
scale of one, termed as ‘relative soil quality indices’ (RSQI), varied between 0.69 to 1.00. From 
the data (Table 43), it was observed that increased levels of residue application had a significant 
influence in maintaining relatively higher soil quality Index in all the treatments, however, the 
application of 6 t ha-1 of sorghum residue recorded higher relative soil quality index (1.00) 
(Table 43) followed by 4t ha-1(0.97). The part of the results presented in this section has been 
published earlier in a Research Journal (Sharma et al.; 2018).

Table 43: Soil quality indices as influenced by long term use of graded levels of residues 

Treatments SQI RSQI

T1-Control 6.60 0.69

T2-2 t ha-1 of sorghum residue 7.96 0.83

T3-4 t ha-1 of sorghum residue 9.28 0.97

T4-6 t ha-1 of sorghum residue 9.58 1.00

LSD (p=0.05 level) 0.46

Thus, the residue application in combination with minimum tillage significantly influenced 
crop yield as well as soil quality indicators which can be helpful in creating resilience towards 
climatic ill effects. 

In  the present study, it has been clearly established that the use of Long-term practice of 
minimum tillage + 4 to 6 t ha-1 application of sorghum  crop residue at surface + RDF (in 
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Sorghum @ 60 kg N ha-1 and 30 kg ha-1 in Cowpea ) + uniform application of P @ 30 kg P2O5 + 
in-situ Residue retention can help as adaptation measure towards climate change/ variability 
by way of improving the soil quality Indicators and Indices and can create resilience in the 
soil towards climatic ill effect. These practices can also help in sequestering more C in soil 
and make them soil as sink of C and thus also act as mitigation measure for climate change. 
The specific Outputs of this study were: Quantified impact of soil management practices on 
crop yield, SYI, soil chemical, physical and biological indicators including available and total 
soil nutrients, C sequestration and C stocks, soil temperature, CO2 emission, mineral N and 
C mineralization. This technology/ concept can be advocated to the farmers in a moderate 
manner, depending upon the resource availability with them.

3.19. Salient Findings of the Study 

 � From the present study, it was clearly observed that surface application of sorghum stover 
improved the pooled sorghum and cowpea yields over no residue application keeping 
other conditions identical.

 � Significantly higher pooled sorghum yield (1969 kg ha-1) was observed with T4 treatment 
compared to control (1528 kg ha-1). The increase in yield with T2, T3 and T4 was found 
to be 9.09, 20.94 and 28.86% respectively compared to control. Higher sustainable yield 
index was recorded with T2, T4 and T6 treatments (0.55,0.63 and 0.63 respectively) 
compared to control (0.49).

 � The increase in cowpea pooled grain yield due to application of sorghum residue @ 2, 4 
and 6 t ha-1 was to the extent of 38, 59 and 65%, respectively over no residue application. 
The sustainable yield index was found to be higher with application of 4 and 6 t ha-1 
which was 0.08 and 0.12 respectively compared to control (0.06).

 � After 10 years, it was observed that application of sorghum stover at 4 and 6 t ha-1 (T3 and 
T4) could maintain higher mean yield even in low rainfall years.

 �  Significantly higher organic carbon (8.10 g kg-1) content was recorded with the application 
of sorghum stover @ 6t ha-1 for 10 years and registered an increase of 22% over control 
(6.69 g kg-1).

 � The application of 6 t ha-1 of sorghum residue recorded highest relative soil quality index 
(1.00). The key soil quality indicators identified were Electrical Conductivity, available 
N, P, K, exchangeable Ca and Mg, available S, Fe, B, labile carbon, microbial biomass 
carbon, bulk density, mean weight diameter and available water capacity.

 � The graded levels of application of residues significantly influenced the carbon pools 
(organic carbon, inorganic carbon, total carbon, microbial biomass carbon, particulate 
organic carbon and labile carbon) in 0-5 cm soil depth. Significantly higher MBC (140 
mg kg-1) was observed with the application of sorghum stover @ 6t ha-1 followed by 4t 
ha-1 and 2t ha-1 which was higher to the extent of 24.6%, 15.9%, 9.5% respectively over 
control (112.9 mg kg-1). 
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 � Carbon sequestration varied from 1.12 to 3.67 Mg ha-1 which was significantly highest 
with application of residue @ 6t ha-1 (3.67 Mg ha-1) followed by 4t and 2t ha-1 (3.3 and 
2.93 Mg ha-1).

 � Surface application of residues @ 2, 4 and 6 t ha-1 (T2, T3 and T4) resulted in reduction 
in soil temperature recorded at 9:00 AM by 1.0, 1.9 and 2.60C and at 2:00 PM by 1.1, 
2.2 and 3.4 0C respectively over control. 

 � The relationship between crop yield and available water capacity was found to be 
significant.

 � Application of sorghum residue @ 6t ha-1 significantly lowered the soil compaction from 
0.3 MPa to 0.02 Mpa at 21 DAS and from 0.41 to 0.13 MPa at harvest.

 � Surface application of crop residue @ 6, 4, 2 t ha-1 for 8 years increased the water 
infiltration rate in soils by 58%, 27% and 21% respectively over control (no residue) 
under minimum tillage.

 � The increase in SOC with surface application of sorghum residue @ 2, 4 and 6t ha-1 was 
25.95, 35.34 and 48.09% respectively at 0-15 cm soil depth over no residue application. 
Similarly, at other depths also there was conspicuous increase in the SOC with the 
increase in residue levels.

 � The application of sorghum residue @ 2, 4 and 6t ha-1 significantly influenced the soil 
available nitrogen content which was 7.21, 17.48 and 28.61% higher compared to no 
residue application.

 � Application of crop residue @ 2, 4 and 6 ha-1, significantly increased the available 
phosphorus in surface soil (0-15 cm) by 7.29, 18.80 and 35.02%, respectively.

 � The increase in the available potassium in soil with the application of sorghum residue 
@ 2, 4 and 6t ha-1 was found to be 13.5, 23.06, and 36.07% respectively over no residue 
application. 

 � The application of sorghum residue @ 2, 4 and 6t ha-1 significantly increased the available 
zinc in soil to the extent of 13.23, 27.94 and 44.11%, respectively compared to no 
residue application.

 � Application of crop residue @ 2, 4 and 6 t ha-1 significantly increased the available 
manganese in soil by 11.75, 28.66 and 50.54%, respectively over no residue application.

 � Application of sorghum residue @ 2, 4 and 6t ha-1 significantly increased the Fe content 
by 19.52, 39.84 and 69.28% over no residue application.

 � The application of crop residue @ 2, 4 and 6 t ha-1 significantly increased the available 
copper in soil by 6.76, 15.03 and 23.30% respectively over no residue application.

 � The application of sorghum residue @ 2, 4 and 6t ha-1 significantly increased the total N 
in soil by 8.89, 17.79 and 31.34% respectively, over no residue application.
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 � Application of residue @ 2, 4 and 6 t ha-1 significantly increased the soil total phosphorus 
by 7.55, 16.15 and 28.19% respectively, over no residue application.

 � The increase in total potassium with the application of sorghum residue @ 2, 4 and 6t 
ha-1 was found to be 7.02, 10.03 and 14.28% respectively over no residue application.

 � The application of sorghum residue @ 2, 4 and 6t ha-1 significantly increased the soil total 
zinc by 5.09, 14.06 and 25.93% respectively over no residue application.

 � The increase in total manganese with the application of sorghum residue @ 2, 4 and 6t 
ha-1 was found to be 6.24, 10.85 and 19.16% respectively over no residue application.

 � Application of residue @ 2, 4 and 6 t ha-1 significantly increased the soil total iron by 
7.34, 17.11 and 32.19% respectively over no residue application.

 � The application of sorghum residue @ 2, 4 and 6t ha-1 significantly increased the total Cu 
in soil by 10.76, 24.12 and 43.03% respectively, over no residue application.
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Conservation Tillage and Crop Residue 
Management in Sorghum-Castor System
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1. Introduction
India has made significant efforts over years for improving its agriculture. This credit 
definitely goes to the several million small and marginal farmers, researchers, government 
and state agricultural departments, and other agencies involved in agriculture. Further, policy 
support, production strategies using new technologies, public investment in infrastructure, 
research and extension for crop, livestock and fisheries have greatly helped to increase food 
production and its availability. India has a huge task of feeding almost 17% of the world’s 
human and 11% of the livestock population on only 2.3 per cent of the world’s land and the 
entire burden of producing enough depends on the first few inches of the earth’s crust- soil. 
There are estimates that by 2025, India would require 350 million tonnes of food grains to 
feed its burgeoning population. This target has to be met under the constraint of almost fixed 
net cultivated area hovering around 140±2 m ha since the 1970s with presently about 73 
m ha of land totally depending upon rain and suffer due to productivity linked constraints. 
The per capita arable land availability which was 0.158 per hectare during the period 2000 
has declined to 0.136 ha by 2010 and would further shrink to 0.100 ha by another four 
decades i.e. by 2050. Coming to other precious natural resource which is inevitable for life, 
i.e. water, the situation is equally grim. Per capita availability of water has radically reduced 
from over 5000 m3 in the 1950’s to a meagre 1656 m3 in 2007 and is likely to be further 
reduced than the internationally prescribed level (1700 m3) to 1140 m3 by 2050. Presently, 
almost 80% of this water is generally allocated to agriculture, but likely to be cut down by 
10-15% due to challenges from other sectors like domestic, industry, power, etc. Population 
is another issue that needs to be redressed vis-à-vis precise soil and water management for 
ensuring food security. Considering all these, crop production is surmised to increase at a 
rate 4% in the coming decades which is only possible if we are able to manage our soil and 
water judiciously in the face of expected changing climate and its adverse impacts on soil 
and water resources.  

The problem of land degradation in terms of soil erosion, depletion of organic matter and soil 
fertility in rainfed regions is a matter of great concern. This in turn, is leading to decline in the 
productivity of rainfed soils (Indoria et al., 2018). There is apprehension that the likely climatic 
change, may induce higher degree of degradation in soil resource through its extreme events 
(high soil temperatures, droughts, seasonal and unseasonal high intensity rains, floods, rise in 
sea water level and intrusion of sea water into land, change in ground water table, etc.,) and 
may aggravate the magnitude and extent of deterioration of soil and water quality. 

In order to get desired productivity on sustainable basis in rainfed areas, it is of paramount 
importance to check soil degradation and improve soil quality. Lands can be protected 
from being degraded and soil quality can be improved by adopting suitable conservation 
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agricultural management practices depending upon climatic and edaphic factors on long term 
basis (Indoria et al., 2017a). Enhancing organic matter under tropical conditions becomes 
utmost difficult. Therefore, it is inevitable to focus the research efforts on enhancing organic 
matter in soil at all costs through conservation tillage, residue recycling, integrated nutrient 
management, incorporation of legumes in cropping systems, surface residue application and 
stubble retention and balanced fertilization for higher root biomass (Indoria et al., 2017; 
Indoria et al., 2016). Further, sorghum-castor system is one of the important cropping 
systems adopted by rainfed farmers in Alfisol soils (especially red chalka soils). Sorghum is a 
nutritious cereal and castor is an important non edible oilseed crop. The castor oil has great 
use and significance in ayurveic medicine, soap industry, preparation of lubricants etc. and 
hence, has good monetary value. The productivity of these crops grown in ranfed Alfisol soils 
is declining because of land degradation and consequently poor soil quality. 

In the recent past, however, with the intensification in agriculture, majority of the research 
efforts on the improvement and assessment of soil quality, identification soil quality 
indicators and computation in a systematic manner have gone in temperate regions only 
(Hussain et al., 1999; Andrews et al., 2002; Shukla et al., 2006). This information is much 
more limited in the fragile agro-ecosystems of the tropics which suffer more on several 
accounts of climatic and edaphic constraints and soil quality degradation. However, it is 
encouraging to mention that, some of the research initiatives made on improvement and 
assessment of soil quality in Indian sub-continent were in i) semiarid tropical Alfisol (Sharma 
et al., 2005), ii) irrigated Inceptisols (Masto et al., 2007), iii) irrigated rice-wheat system in 
Vertisols (Mohanty et al., 2007), and iv) lowlands of Assam under rice based system (Singh, 
2007), In most of these studies, except few, a wide spectrum of methodologies and varying 
set of soil quality indicators have been used under irrigated conditions with high cropping 
intensities and higher levels of management. Meagre research efforts have been made 
on systematic approaches of soil quality improvement and assessment in cereal-oilseed 
system. Keeping the above facts in view, with an aim of identifying suitable conservation 
agriculture practices for improving the soil quality and productivity of sorghum ((Sorghum 
vulgare (L) - castor (Ricinus communis (L)) system under different levels of fertliser N 
application and to assess soil quality indices under rainfed Alfisol, a long term study was 
initiated.

1.1. Objectives of the study 
•� To identify suitable soil and nutrient management practices for improving soil quality 

and productivity under sorghum-castor system in rainfed Alfisol.

•� To study the impact of soil and nutrient management practices on soil quality parameters. 

•� To  identify the key soil quality indicators for Alfisol under sorghum- castor system.        
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2. Methodology of Field Experiment
In this study, a long term field experiment was carried out at Hayathnagar Research Farm 
(17°18’ N latitude, 78°36’ E longitude and an elevation of 515 m above mean sea level) 
of Central Research Institute for Dryland Agriculture, Hyderabad. The experiment was laid 
out in a strip split-split plot design with three replications and was maintained since 1995 
with sorghum and castor as test crops grown in a two-year rotation. The strip constituted 
two tillage treatments: minimum tillage (MT) (weeding occasionally with blade harrow or 
chemical spray and only plough planting) and conventional tillage (CT) (two ploughings 
before planting + one plough planting + harrowing + operation for top dressing). In the 
CT strip, ploughing was done with a bullock-drawn country plough to a depth of 10-12 
cm at the onset of monsoon during the first week of June. At the time of sowing, the same 
country plough was used to open a furrow of 5-7 cm depth and seeds were placed by hand in 
the furrow (also called plough planting). The main plot treatments constituted three residue 
treatments: dry sorghum stover (SS) (N content of 5 g kg-1 and C: N ratio of 72) applied at 2 
t ha-1, fresh Gliricidia loppings (Gliricidia maculata) (GL) (N content of 27.6 g kg-1 and C: 
N ratio of 15) applied at 2 t ha-1 (fresh weight) and no residue (NR). Sub plot (4.5 x 6 m2) 
treatments consisted of four N rates 0 (N0), 30 (N30), 60 (N60) and 90 (N90) kg N ha-1. Residues 
were applied at the surface two weeks after sowing and allowed to decompose in the same 
plot. Residues acted as a mulch as well as source of organic matter. Nitrogen was applied in 
two equal splits, one at sowing and another at 45 days after sowing. In totality, 24 treatment 
combinations were evaluated.   

2.1. Soil Sampling and Analysis
Soil samples from 0-20 cm depth were collected from the experimental site after seventh 
year (during 2005) of the study and were partitioned and passed through 8 mm, 4.75 mm, 2 
mm, differently and saved for further different kind of analysis. Soil samples passed through 
8 mm sieve and retained on the 4.75 mm sieve were used for aggregate analysis using 
Yoder’s apparatus. Soil samples passed through 2 mm sieve were used for chemical analysis 
for pH, EC, N, P, K, Ca, Mg, S, and micronutrients such as Zn, Fe, Cu, Mn and B. A portion 
of 2 mm sieved sample was further grinded and passed through 0.2 mm sieve for organic 
carbon estimation. For biological properties like microbial biomass carbon, 2mm sieved soil 
samples were stored in at a low temperature, similarly, for dehydrogenase assay, the 2mm 
sieve processed samples were stored separately in a refrigerator for further analysis. The 
soils were analyzed for pH and electrical conductivity (EC) (Rhoades, 1982), soil organic 
carbon (SOC) by the Walkley-Black (1934) procedure, available nitrogen (Subbaiah and 
Asija, 1956), available phosphorus (P) (Olsen et al., 1954), available potassium (K) and 
exchangeable calcium (Ca) and magnesium (Mg) (Hanway and Heidal, 1952). Micronutrient 
cations viz., zinc (Zn), iron (Fe), copper (Cu), manganese (Mn) (Lindsay and Norvell, 1978) 
and concentrations were measured using Inductively Coupled Plasma Spectrophotometer 
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(ICP), model ICP-OES simultaneous system, GBC-Australia while, boron was estimated using 
DTPA-Sorbitol extraction (Miller et al., 2000). 

Bulk density (BD) was measured by soil core method (Blake and Hartge, 1986) and hydraulic 
conductivity (HC) by constant head method (Klute, 1965). The distribution of aggregates 
size was determined using wet sieving technique (Yoder, 1936) and mean weight diameter 
(MWD) was computed (van Bevel, 1949). The mean weight diameter was calculated using 
the equation: 

MWD = i=1Σ
n Xi * Wi 

Where Xi is the average diameter of each particle class (mm), and Wi is the proportion by 
weight of the given size fraction of aggregate relating to Xi. 

Microbial biomass C and N (MBC, MBN) were estimated using the chloroform fumigation 
incubation technique (Jenkinson and Powlson, 1976; Jenkinson and Ladd, 1981). 
Dehydrogenase activity (DHA) in the soils was measured by triphenyl tetrazolium chloride 
method (TTC) (Lenhard, 1956). Labile carbon (LC), which is also considered as one of the 
important biological soil quality indicator, was estimated using the method suggested by 
Weil et al. (2003) with slight modification. A summary of the methods for the estimation of 
potential soil quality indicators are given in Table 1.

Table 1: Methods used for measurement of potential soil quality indicators

Variable Method Reference/Indicators

pH 1:2 Soil water suspension -

Electrical conductivity 1:2 Soil water suspension Rhoades (1982)

Organic carbon Wet oxidation with H2SO4 + K2Cr2O7 Walkley and Black (1934)

Available N Alkaline- KMnO4 oxidizable N Subbaiah and Asija (1956)

Available P 0.5M NaHCO3 method Olsen et al.(1954)

Available K Neutral normal ammonium acetate method Hanway and Heidal (1952)

Exchangeable Ca, Mg Neutral normal ammonium acetate method -

DTPA exchangeable Zn, Fe, Cu, Mn DTPA-CaCl2-TEA using ICP Lindsay and Norvell (1978)

Extractable Boron DTPA-Sorbitol extraction Lindsay and Norvell (1978)

Bulk density Soil core method Lindsay and Norvell (1978)

Hydraulic conductivity Constant head method -

Aggregate stability
Mean weight diameter

Wet sieve method -

Microbial biomass carbon Fumigation extraction Jenkinson and Powlson (1976)

Microbial biomass N Soil fumigation technique
K2SO4 extraction and digestion

Jenkinson and Ladd (1981)

Dehydrogenase activity Triphenyl tetrazolium chloride method 
(TTC)

Lenhard (1956)

Labile carbon KMnO4 method Weil et al.(2003)
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2.2. Computation of Soil Quality Index (SQI)
The data obtained on the soil quality parameters were subjected to analysis of variance 
(ANOVA) using split-plot design for testing their level of significance. Further, to identify the 
minimum data set, various successive steps of data analysis were followed primarily employing 
the principal component analysis (PCA) technique (Doran and Parkin, 1994; Andrews et al., 
2002) using SPSS (Version 9.0). Principal components (PC) for a data set are defined as linear 
combinations of variables that account for maximum variance within the set by describing 
vectors of closet fit to the n observation in p-dimensional space, subject to being orthogonal to 
one another. Principal component analysis (PCA) is a mathematical procedure that transforms 
a number of (possibly) correlated variables into a (smaller) number of uncorrelated variables 
called principal components. The objective of principal component analysis was to reduce the 
dimensionality of the parameters data set and to identify new meaningful underlying variables, 
knowing that the principal components are dependent on the units used to measure the original 
variables as well as on the range of values they assume. The first principal component accounts 
for as much of the variability in the data as possible, and each succeeding component accounts 
for as much of the remaining variability as possible. 

In brief, the various successive steps of analysis followed to identify key indicators and to 
compute soil quality indices included the following: i) fixing or defining the goals ii) testing 
the level of significance for various soil indicators as influenced by various management 
treatments, iii) principal component analysis to select representative minimum data set (MDS) 
iv) correlation analysis among soil variables to reduce spurious grouping among highly 
weighted variables within each principal component (PC), v) multiple regression using the 
final MDS components as the independent variables and each goal attribute as a dependent 
variables, and vii) scoring of the MDS indicators based on their performance of soil function 
and computation of soil quality index (SQI). 

During the period under report, pooled analysis of grain yield data of sorghum and castor as 
influenced by tillage and INM treatments was completed.

2.3. Agronomic Efficiency (AE)
Agronomic efficiency (AE), a parameter representing the ability of the plant to increase yield 
in response to per unit N applied, was computed based on the average grain yield data using 
the following relationship:

AE = (YTP-YCP)/FN

Where YTP is the grain yield (kg ha-1) of treated plot, YCP is grain yield of control plot, and 
FN is the applied dose of fertilizer N (kg ha-1).

2.4. Sustainable Yield Index (SYI)
In rainfed agriculture, as the magnitude of the yield is predominantly influenced by rainfall 
besides other factors, the computation of the sustainability of the yield becomes more 
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important than simple mean (FAO 1989). In the present study, the sustainability in yield was 
monitored in terms of sustainable yield index (SYI), which represented minimum guaranteed 
yield in response to nutrient management treatment as a percentage of the maximum 
observed yield with high probability. This index was calculated as follows:

SYI= (Y -σ)  / Ymax 

Where Y is the average yield of the treatments across the years; σ is the treatments standard 
deviation and Ymax is the maximum observed yield over years in the experiment (Singh et al., 
1990).

2.5. Energy Use Efficiency
To evaluate the soil and nutrient management treatments in terms of energy use efficiency, 
the input energy (MJ/ha) was computed for each treatment by cumulating all the energy 
values (MJ/ha) used for different inputs like seed, fertilizer, herbicide, labour, animal and 
implements for land preparation, sowing, inter-culture, harvesting and other agricultural 
operations. The output energy was computed from the grain and straw yield harvested, and 
was expressed in terms of MJ/ha. The EUE could be derived as a ratio of output and input 
energy for each treatment. 

2.6. Profitability of the Management Treatments
In all the management treatments for sorghum and castor, the per hectare cost of inputs 
incurred in terms of total cost of cultivation (TC) such as, seed, fertilizers, herbicides and 
pesticides, green leaves collection and their application, cost of human labour, cost of 
bullock labour and /or traction power were considered to study the relative profitability. 
To compute the gross returns (GR) accrued, the prevailing market rates of outputs per ha 
including main product and by-product for the year 2012 were considered. The price used 
for 1 kg of sorghum and dry stover was 11/- (Indian Rupees) and 3, respectively. Per ha net 
returns (NR) accrued was calculated by subtracting the per ha total cost of cultivation incurred 
from the per ha gross returns accrued. Finally, for studying the techno-economic feasibility 
of the soil management treatments, benefit-cost ratio (BCR) for each of the soil management 
treatments was worked out as ratio of GR and TC (Maruthi Shankar et al., 2011). The test for 
significance of the treatments for profitability and energy use was performed using LSD (least 
square difference values). 

3. Results and Discussion
3.1 Sorghum Grain Yields as Influenced by Tillage, Residues and N Levels (1995 
-2017)
To study the performance of sorghum over the years as influenced by the long-term 
influence of tillage, residues and N levels, pooled analysis of sorghum yield data was 



131

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

done. Sorghum was grown in alternate years in rotation since the initiation of the 
experiment (1995). In the year 2003, even though there was a fairly good amount of 
average crop seasonal rainfall, there also was a significant deficit (69%) in rainfall during 
the month of June, which is a very critical period for sowing of sorghum crop. The crop 
could not be sown in time because of delayed rainfall. There was poor crop germination 
and crop stand due to desiccation of surface, crusting and hard setting. The data on the 
average sorghum grain yields is presented in Table 2 & Figs 1, 2 & 3. Statistical analysis 
of the data revealed a significant influence of tillage, residues as well as the N levels on 
sorghum grain yields.

Fig. 1: Sorghum grain yield as influenced by 
conventional and minimum tillage

Fig. 2: Sorghum grain yields as influenced by different 
types of residues

Fig. 3: Sorghum grain yields as influenced by different N levels

Of all the years, on an average, over tillage, residues and N levels, the year 2013 recorded 
highest sorghum grain yields (1903 kg ha-1) followed by the year 2015 (1560 kg ha-1) while 
the yields were very low (741 kg ha-1) during 1997. Among the tillage practices, on an 
average, conventional tillage performed significantly well in terms of maintaining higher 
sorghum grain yields (1267 kg ha-1) compared to minimum tillage (1146 kg ha-1) amounting 
to 10.5% increase in yield over the minimum tillage. Among the residues applied, Gliricidia 
application recorded significantly highest sorghum grain yields (1317 kg ha-1) followed by 
sorghum stover application (1220 kg ha-1), while the plots receiving ‘no residue’ recorded 
sorghum grain yield to the tune of 1082 kg ha-1. Average sorghum grain yields showed a 
significant response towards the application of N at varying levels, it was observed that 
the yields increased with the increase in N level. The average sorghum grain yields with 
the respective N levels were: 1528 kg ha-1 with 90 kg N ha-1, 1397 kg ha-1 with 60 kg N  
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ha-1, 1181 kg ha-1 at 30 kg N level, while at 0 level, the yields were only to the extent of 720 
kg ha-1. The increase in sorghum grain yields over the 0 level (control) was to the extent of 
64.0%, 94.0% and 112.2% at 30, 60 and 90 kg N ha-1 levels respectively. 

Table 2: Effect of tillage, residues and N levels on sorghum grain yields 

Tillage Residues N    
levels 1995 1997 1999 2001 2005 2007 2009 2011 2013 2015 2017 Pooled 

analysis

 CT

Sorghum 
stover

N0 468 603 721 704 520 990 771 521 913 918 797 721

N30 837 832 1541 997 1170 1733 1583 1009 2165 940 851 1242

N60 1048 1390 1739 1241 1492 1918 1865 1266 2237 1104 895 1472

N90 1174 1426 1839 1467 1734 2463 1619 1205 2175 1935 958 1636

Gliricidia 
loppings

N0 484 716 767 690 602 979 806 615 938 1245 811 787

N30
N60

928 824 1570 1041 1352 1857 1641 1169 2432 1696 839 1396

1452 1220 1788 1376 1548 1957 1750 1506 3231 1738 923 1681

N90 1265 1424 1836 1832 1822 2024 1647 1431 3185 1972 991 1766

No 
residue

N0 710 725 758 582 489 898 722 507 838 931 765 720

N30 1000 805 1497 848 1109 1654 1157 812 1364 1207 811 1115

N60 1258 942 1743 1155 1360 1748 1561 1118 1298 1267 864 1302

N90 1190 1236 1803 1405 1793 1760 1441 1004 1180 1280 910 1364

MT

Sorghum 
stover

N0 559 393 581 533 272 967 721 511 920 1690 818 724

N30 754 432 1126 872 891 1389 1286 1064 2511 1737 883 1177

N60 936 500 1227 1038 1279 1554 1507 1234 2519 1778 953 1321

N90 1146 622 1187 1058 1462 1662 1412 1198 2959 2404 1046 1469

Gliricidia 
loppings

N0 686 413 444 618 286 926 780 582 994 998 834 687

N30 1000 427 1142 975 1002 1366 1216 1001 1798 2081 927 1176

N60 1349 457 1168 1175 1363 1635 1510 1297 2195 2338 1018 1409

N90 1376 462 1420 1217 1547 1699 1411 1312 3602 2826 1134 1637

No 
residue

N0 615 357 648 662 245 917 657 677 956 900 800 678

N30 857 453 1126 869 793 1345 1195 752 1611 952 846 982

N60 1119 530 1148 996 1178 1498 1462 1114 1766 1453 909 1198

N90 1214 590 1237 1000 1346 1554 1233 1178 1890 2041 987 1297

T NS ** ** ** ** ** ** ** ** ** ** **

R ** ** NS ** ** ** ** ** ** ** ** **

N ** ** ** ** ** ** ** ** ** ** ** **

TX R NS ** NS NS NS NS NS ** ** ** ** **

TX N NS ** ** ** NS ** NS ** ** ** ** **

RX N NS ** NS ** NS NS NS ** ** ** NS **

TXRXN NS ** NS NS NS NS NS ** ** ** NS **

T, Tillage; R, Residue; N, Nitrogen; * and ** Indicates significant difference at P = 0.05 and P = 0.01, respectively; 
NS: Non Significant at P > 0.05.
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Plate: Surface residue application (Sorghum straw and Glyricidia lopping) in sorghum-castor system.

3.2. Castor Bean Yields as Influenced by Tillage, Residues and N Levels 
During the experimental period from 1996 to 2016, castor crop was grown only during the 
years 1996, 1998, 2000, 2002, 2004, 2006, 2008, 2010, 2012, 2014, 2016. The data on 
castor bean yields as influenced by the long-term impact of tillage, residues and N levels is 
presented in Table 3 & Figs. 4, 5 & 6. From the perusal of the data, a significant influence of 
tillage, residues as well as the N levels on castor bean yields was clearly observed. Of all the 
years, when averaged over tillage, residues and N levels, the year 2012 recorded significantly 
highest castor bean yield (1485 kg ha-1), followed by the year 2010 which recorded yields 
to the extent of 1236 kg ha-1. The castor yields were very low during the year 1998 (470 kg 
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ha-1). Among the tillage practices, on an average, it was observed that conventional tillage 
significantly performed well and recorded castor bean to the tune of 869 kg ha-1 which was 
24.8% higher than the yields obtained under minimum tillage (696 kg ha-1). 

Table 3: Effect of tillage, residues and N levels on castor bean yields (kg ha-1) 

Tillage Residues N    
levels 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 Pooled 

analysis

CT

Sorghum 
stover

N0 496 414 667 540 646 526 419 607 1461 420 479 607

N30 742 535 1223 765 842 707 725 1370 1924 484 498 892

N60 938 691 1196 843 923 812 828 1457 2054 596 559 991

N90 998 877 1238 967 1022 993 1001 1788 1938 657 697 1107

Gliricidia 
loppings

N0 576 505 832 575 625 598 404 685 1078 452 498 621

N30 857 793 1218 927 846 796 749 1268 1252 518 686 901

N60 988 975 1263 931 1085 845 849 1402 1847 596 800 1053

N90 1002 1013 1355 989 1176 1032 1018 1626 1656 652 837 1123

No 
residue

N0 553 491 640 505 598 496 368 594 691 370 437 522

N30 696 624 1222 687 613 658 685 1148 1035 422 476 752

N60 1073 824 1190 798 893 716 720 1272 1367 511 495 896

N90 1043 895 1306 904 1011 941 872 1318 1166 573 520 959

MT

Sorghum 
stover

N0 48 65 534 432 497 376 394 577 603 452 590 415

N30 189 192 682 574 559 423 546 1494 1720 505 617 682

N60 525 225 814 678 652 500 769 1544 2028 622 659 819

N90 636 397 842 807 835 611 891 1762 2238 666 729 947

Gliricidia 
loppings

N0 73 85 497 468 507 404 385 665 720 490 619 446

N30 264 184 705 710 695 588 584 1392 1662 534 764 735

N60 524 234 789 724 621 644 775 1531 1847 633 814 831

N90 715 409 949 788 830 759 904 1613 2060 752 874 966

No 
residue

N0 48 68 586 395 448 331 392 551 559 412 463 387

N30 154 188 817 423 529 473 464 1283 1318 446 495 599

N60 268 223 833 573 576 534 611 1323 1767 539 534 707

N90 600 383 911 693 787 589 790 1400 1651 601 575 816

T ** ** ** ** ** ** ** ** ** ** ** **

R * ** NS ** ** ** ** ** ** ** ** **

N ** ** ** ** ** ** ** ** ** ** ** **

TX R * ** NS NS NS ** NS NS ** NS * NS

TX N ** ** ** NS ** ** NS ** ** NS NS **

RX N NS * NS * NS NS NS ** ** NS ** **

TXRXN NS ** NS NS * * NS NS ** NS ** NS

T, Tillage; R, Residue; N, Nitrogen; * and ** Indicates significant difference at P = 0.05 and P = 0.01, respectively; 

NS: Non Significant at P > 0.05.        
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Among the residue treatments, Gliricidia application recorded significantly highest castor 
yields (835 kg ha-1) followed by sorghum stover application (808 kg ha-1) while the ‘no 
residue’ application maintained lowest castor yields of 705 kg ha-1. Average castor bean 
yields showed a significant response towards the N applied at varied levels and it was 
observed that the yields increased with increase in N levels. The average castor bean yields 
with the respective N levels were: 986 kg ha-1 with 90 kg ha-1, 883 kg ha-1 with 60 kg N ha-1, 
760 kg ha-1 at 30 kg N level while at 0 level, the yields were only to the extent of 500 kg ha-1. 
The increase in castor bean yields over the 0 level was to the extent of 52.0%, 76.6% and 
97.2% at 30, 60 and 90 kg levels respectively. The part of the results presented in this section 
have been published earlier in a Research Journal (Kusuma et al., 2013)

Fig. 4: Castor bean yields as influenced by 
conventional and minimum tillage Practices 

Fig. 5: Castor bean yields as influenced by different 
residues

Fig. 6: Castor bean yields as influenced by different N levels 

3.3. Predominant N Fractions (N Chemical Pools) 
Two major forms of Nitrogen are present in the soil viz., organic form and inorganic form. 
A major share of nitrogen occurs in organic form. The inorganic form of N is labile and is 
susceptible to losses by way of runoff, leaching, ammonia volatilization, denitrification and 
fixation in clay lattices. Organic forms of N can be categorized as hydrolyzable N (Hydrolyzable 
NH4, amino acid N, amino sugar N, acid soluble humin) and Non-Hydrolyzable N (Fixed 
NH4, insoluble humin), whereas, the inorganic N fractions can be categorized as ammonical 
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N (NH4-N), nitrate N (NO3-N) and nitrite N (NO2-N). The hydrolyzable N fraction is subjected 
to mineralization and is transformed to mineral N. The distribution of these forms in soils 
is important in understanding the conditions controlling their availability to growing crops. 
The transformation of one form to another under specific soil conditions determines their 
availability to plants. The continuous addition of organic manures along with chemical 
fertilizers may stimulate mineralization and immobilization of plant nutrients, thereby 
affecting their amounts in different organic and inorganic forms in soil (Sihag et al., 2005). 
A few studies also have quantified the impacts of conservation tillage on mineralizable N. It 
was also observed that application of residues in long term conservation tillage treatments 
significantly influenced the yield and uptake of nitrogen by the crop (Malhi et al., 2006). In an 
another study, Sharma et al. (1992) reported that, significant inter correlation coefficients (r2) 
between different N fractions indicated free mobility between the N fractions and significant 
contribution of Hydrolyzable N and unhydrolyzable N fractions towards N availability 
pool in Inceptisol soil. Organic soil N fractions including non-hydrolysable N were highly 
significantly correlated with soil mineralizable N (Sammi Reddy et al., 2003). The rainfed 
Alfisol soils of Southern India, which are predominantly characterized by low organic matter, 
low soil fertility especially, plant available nitrogen (<280 kg N/ha), low water holding 
capacity and poor soil physical conditions, do not support good crop growth unless, adequate 
amount of nitrogenous fertilizers are applied. Intensive tillage, poor recycling back of crop 
residue to the soil after crop harvest, high soil temperature during summer leading to faster 
decomposition of the organic matter could be some of the predominant reasons of low soil 
organic matter (SOM) and low plant available nitrogen in these soils. Consequent to these 
natural and man-made causes, yields of rainfed crops such as, sorghum and castor grown in 
these soils is considerably low and need appropriate soil management. 

Considering the above, after the 13th year (2008) of experimentation, soil samples were 
collected from 0-20 cm depth. The samples were air dried and passed through 2 mm sieve. 
The analysis was done for available soil N, total N (Micro-Kjeldahl method), soil inorganic 
N fraction and organic N fractions, viz. total hydrolyzable N, ammonium N, amino sugar 
N and amino acid N (Bremner, 1965). Castor grain, husk and stover samples were dried at 
60o C, finely powdered and digested in a diacid mixture of HNO3 and HClO4 in 3:1 ratio. 
Nitrogen was determined by modified Micro-Kjeldahl method (Jackson, 1973). The effect of 
tillage residues and N levels on organic and inorganic N fractions was evaluated by analysis 
of variance (ANOVA). The data was tested at the level of significance of 95%. Statistics 
calculations were performed by IBM SPSS Statistics 19. The data pertaining to these fractions 
is presented in Tables 4 & 5.

In the present study, it was found that among the inorganic fractions, exchangeable 
ammonical nitrogen varied from 17.1 to 42.1 mg kg-1 while the nitrate-N varied between 
3.89 and 13.4 mg kg-1 across the management treatments. Significantly highest ammonical 
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N was observed under conventional tillage (32.5 mg kg-1) than under minimum tillage (26.8 
mg kg-1). Application of residues, viz. sorghum stover and Gliricidia loppings performed 
equally well in maintaining significantly highest inorganic N fractions when compared to ‘no 
residue’ application. Both the ammonical and nitrate N fractions significantly improved with 
increase in N levels applied to the soil. Treatments which received N @ 90 kg ha-1, recorded 
87% higher exchangeable ammonical nitrogen compared to N0 treatment. However, the 
interaction effects of tillage, residues and N levels did not influence the contents of ammonical 
and nitrate N fractions in these soils. Yadav and Singh (1991) also found significant increase 
in inorganic N fractions with increasing rates of N application. 

The organic N fractions were estimated as the total hydrolyzable N which constituted 
hydrolyzable ammonical N, hexosamine N, amino acid N, and unidentified N. Total 
hydrolyzable N fraction varied from 333.6 to 648.9 mg kg-1 of soil across the management 
treatments. On an average, significantly highest total hydrolyzable N was observed with 
application of sorghum residues (508.5 mg kg-1) followed by Gliricidia loppings (481.6 mg 
kg-1) compared to ‘no residue’ plots (440.4 mg kg-1). Further, significant increase in total 
hydrolyzable N was observed with increase in N levels, the highest value being recorded in 
plots receiving N @ 90 kg ha-1 (577.2 mg kg-1). Of all the interactions studied, the interaction 
between tillage and residue was found to be significant. Similarly, Duraiswamy (1992) also 
observed increased amounts of organic N fractions under integrated nutrient management 
treatments. This indicates that inorganic and organic N undergoes a series of transformation 
process, thereby contributing to soil organic N pools. Appel and Mengel (1993) confirmed 
that the soil organic N fractions reflected the soils microbial activities, and contributed to 
easily-mineralizable N pools in soils.

On an average, hydrolyzable ammonical N constituted 13% to the total hydrolyzable N 
and varied from 41.2 to 83.6 mg kg-1 across the management treatments. Sorghum stover 
application recorded significantly highest hydrolyzable ammonical N content of 66.1 mg kg-1 
followed by Gliricidia loppings (63.9 mg kg-1). Higher hydrolysable ammonical N content 
was observed with increase in N levels. Sharawad and Dhyan Singh (2005) observed that 
long term use of optimum dose of NPK either alone or in conjunction with FYM resulted 
in a significant increase in the amount of hydrolysable N fraction in soil which is the 
most important source of nitrogen for plants and microorganisms. Hexosamine N fraction 
contributed up to 8% towards total hydrolyzable N fraction and varied from 20.9 to 59.3 
mg kg-1 across the various management treatments. Significant influence of the application of 
residues and N levels on hexosamine N was observed. Application of both sorghum stover as 
well as Gliricidia loppings performed equally well in influencing the hexosamine N fraction 
in soil and maintained significantly highest hexosamine N content of 43.1 mg kg-1 and 42.4 
mg kg-1, respectively, compared to ‘no residue’ application (34.7 mg kg-1). This fraction was 
found highest with N applied @ 90 kg/ha (54.4 mg kg-1 of soil). The contribution of amino 
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acid N towards total hydrolyzable N was the highest (52%) that varied from 178.8 to 308 
mg kg-1 across the management treatments. Tillage, residues as well as N levels significantly 
influenced the amino acid N fraction. On an average, significantly higher amino acid N 
content was observed under minimum tillage (265.0 mg kg-1) followed by conventional 
tillage (225.7 mg kg-1). Application of sorghum stover and Gliricidia residues recorded 
higher amino acid N content to the extent of 255.5 mg kg-1 and 258.3 mg kg-1, respectively, 
compared to control (222.2 mg kg-1). Application of 90 kg N ha-1 recorded significantly highest 
amino acid N (272.4 mg kg-1). The quantum of unidentified N was to the extent of 27% to 
the total hydrolyzable N in the soil. From the data, it was observed that the unidentified 
N fraction was significantly higher under conventional tillage (148.7 mg kg-1) while under 
minimum tillage, it was only 110.2 mg kg-1. On an average, the unidentified N fractions 
were found to be significantly lower with the application of Gliricidia loppings (117.0 mg 
kg-1) followed by ‘no residue’ application (127.5 mg kg-1) while it was slightly higher under 
sorghum stover application (143.7 mg kg-1). Similar to other fractions, the unidentified N 
fraction also increased with increase in N levels. Fixed ammonical N, which represents 
the nitrogen retained in the clay lattices, varied between 97.8 to 183.8 mg kg-1 across the 
management treatments and was significantly influenced by tillage, residue application as 
well as varying N levels. Fixed ammonical N was significantly higher under minimum tillage 
(153.6 mg kg-1) compared to conventional tillage (125.0 mg kg-1). This fraction was observed 
to be highest under Gliricidia loppings application (146.6 mg kg-1), which was at par with 
sorghum stover application (141.8 mg kg-1) compared to control (129.5 mg kg-1). Nitrogen 
levels applied @ 60 and 90 kg ha-1 recorded fixed ammonical N to the extent of 150.7 and 
159.0 mg kg-1, respectively, while N applied at 30 kg ha-1 recorded 141.8 mg kg-1(Table 4). 
Interaction effects of tillage, residues and N levels did not show much influence on fixed 
ammonical N. Sekhon et al. (2011) recorded marked increase in total N, hydrolysable N and 
non-hydrolysable N with continuous application of organic manures for 7 years. 

 Available N varied from 230.9 to 331.3 kg ha-1 across the treatments and was significantly 
influenced by tillage, residues as well as N levels. Available N content was significantly 
higher under minimum tillage (316.1 kg ha-1) compared to conventional tillage (287.8 kg ha-

1). Among the residues, both Gliricidia loppings as well as sorghum stover performed equally 
well and maintained higher available N content of 311.7 and 301.9 kg ha-1 respectively. 
Available N content in soils increased with increase in N levels and was highest with N 
applied @ 90 kg ha-1 (317.9 kg ha-1). Total nitrogen content varied from 1 566 to 2 344 kg 
ha-1 across the management treatments and was significantly influenced by residues and N 
levels. Tillage did not show any significant influence on total nitrogen. Both sorghum stover 
and Gliricidia loppings treatments were at par with each other which maintained total N to 
the extent of 2078 kg ha-1 and 2053 kg ha-1, respectively. Total N content in soils increased 
with increase in N levels and was highest at N applied @ 90 kg ha-1 (2242 kg ha-1). 
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Table 4: Influence of tillage, residues and N levels on nitrogen fractions (mg kg-1) 

Tillage Residues N levels Exch. 
NH4- N

Nitrate 
N

Total 
hydrolyzable N

Hydrolyzable 
NH4-N

Hexosamine 
N

CT

Sorghum 
stover

N0 22.2 6.55 367.8 49.4 26.7

N30 34.1 9.68 434.0 60.2 36.6

N60 38.3 11.6 576.1 69.4 47.4

N90 40.4 12.7 597.3 73.1 53.4

Gliricidia 
loppings

N0 20.1 7.16 382.9 49.5 26.6

N30 32.1 10.0 470.4 59.8 34.5

N60 39.2 12.9 526.1 63.9 45.0

N90 42.1 13.4 605.0 70.6 57.5

No residue

N0 19.9 4.61 337.8 42.6 20.9

N30 31.8 4.31 416.3 54.6 29.3

N60 33.8 5.66 457.2 60.6 36.5

N90 35.9 7.75 504.0 68.6 45.8

MT

Sorghum 
stover

N0 18.8 7.97 375.8 47.7 31.3

N30 27.8 9.47 512.4 67.8 39.4

N60 34.1 11.5 555.8 78.0 49.1

N90 36.4 12.4 648.9 83.6 61.3

Gliricidia 
loppings

N0 19.1 7.78 377.9 51.5 30.8

N30 24.3 9.96 436.7 65.0 38.0

N60 29.3 11.6 505.6 72.8 47.4

N90 33.3 12.7 548.4 78.4 59.3

No residue

N0 17.1 4.12 333.6 41.2 24.7

N30 23.8 3.89 426.0 48.5 36.8

N60 26.2 5.07 489.2 66.9 34.9

N90 31.8 6.96 559.4 64.7 48.8

T * NS NS NS NS

R * ** ** ** *

N ** ** ** ** **

T X R NS NS ** ** NS

T X N * NS NS NS NS

R X N NS NS NS NS NS

T XRXN NS NS NS NS NS

(T, Tillage; R, Residue; N, Nitrogen)
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Table 5: Influence of tillage, residues and N levels on nitrogen fractions (mg kg-1) and 
available (kg ha-1) and total N (kg ha-1) 

Tillage Residues N levels Amino 
acid N Unidentified N Fixed 

ammonical N
Available N 

(kg ha-1)
Total N
(kg ha-1)

CT

Sorghum 
stover

N0 212.6 79.1 105.1 247.5 1696.3

N30 228.3 108.9 123.0 280.7 1973.9

N60 259.9 199.4 135.8 301.1 2191.5

N90 273.2 197.6 145.4 323.0 2334.6

Gliricidia 
loppings

N0 22105 85.3 109.7 258.9 1702.9

N30 231.9 144.2 128.8 301.6 1891.6

N60 242.3 175.0 137.8 304.1 2240.5

N90 262.6 214.2 144.9 321.5 2253.4

No residue

N0 178.8 95.5 97.8 321.0 1566.0

N30 189.0 143.3 117.8 284.7 1770.8

N60 192.8 167.3 123.5 295.0 1906.8

N90 215.4 174.1 129.9 305.2 1973.1

MT

Sorghum 
stover

N0 228.5 68.3 111.4 321.4 1800.0

N30 270.0 135.3 162.9 306.6 1994.3

N60 282.9 145.8 171.1 317.0 2231.5

N90 288.5 215.5 179.6 317.9 2398.9

Gliricidia
 loppings

N0 235.5 60.0 108.6 327.2 1732.2

N30 260.6 73.2 177.2 327.3 1979.3

N60 303.8 81.6 181.7 322.0 2280.4

N90 308.0 102.7 183.8 331.3 2344.7

No residue

N0 194.1 73.5 101.5 302.6 1631.4

N30 256.2 84.5 141.2 303.1 1808.8

N60 264.6 122.7 154.1 307.6 2109.6

N90 287.0 158.9 170.4 309.0 2145.8

T * * ** * NS

R ** ** * ** **

N ** ** ** ** **

T X R NS ** NS NS NS

T X N NS NS ** ** NS

R X N NS NS NS NS NS

TXRXN NS * NS NS NS

(T, Tillage; R, Residue; N, Nitrogen)
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Plate: Field view of castor crop at different growth stages in sorghum-castor system

3.4. Nitrogen Uptake by Castor  
The effects of tillage, residues and N levels on the total nitrogen uptake by castor plant have 
also been studied. As the nitrogen fractions were estimated in the soil samples collected after 
the harvest of 2008, nitrogen uptake studies were also taken up in samples collected during 
the year 2008 to establish the logical relationship between the N fractions and N uptake by 
plants. Among the castor beans, stalk and husk yields, tillage showed its significant influence 
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only on castor bean yields, residues showed a significant influence on castor bean and husk 
yields, while the N levels showed a significant influence on all the three viz., beans, husk 
and stalk yields. 

During the year 2008, castor bean yields varied from 392 to 1018 kg ha-1, husk yields 
varied from 94 to 267 kg ha-1 and the stalk yields varied from 584 to 1169 kg ha-1 across 
the various treatments (Table 6 & 7). On an average, conventional tillage significantly 
influenced castor bean yield (720 kg ha-1) compared to minimum tillage (626 kg ha-1). 
The significant influence of residue application on bean yield and husk yields was with 
respect to ‘no residue’ application, and the plots which received sorghum stover and 
Gliricidia loppings maintained castor bean yields as well as husk yields at par. Among 
the various N levels, N applied @ 90 kg ha-1 recorded significantly highest castor beans 
(912.7 kg ha-1), husk (242.4 kg ha-1) and stalks (1107.7 kg ha-1) respectively followed by 
the application of N @ 60 kg N ha-1. The nitrogen content varied from 2.44 to 3.63% in 
castor bean, from 0.34 to 0.44 in castor husk and from 0.27 to 0.42 in castor stalks across 
the treatments (Table 6 & Fig. 7). It was observed that tillage did not show any significant 
influence on the% N content of beans, husk as well as stalks. However,  the residue 
treatments showed significant influence only on castor husk yields while the N levels 
showed a significant influence on all the three i.e. castor bean yield, husk as well as stalks. 
Among the residues, the application of both sorghum stover as well as Gliricidia loppings 
significantly performed well in maintaining higher % N content of 0.40% in castor husk 
compared to no residue application. Application of N at varied levels also significantly 
influenced the per cent N content in castor beans, husk as well as stalks which increased 
with increase in N levels. The total N uptake by beans, husk and stalks were calculated 
based on the per cent N content and their respective yields. The N uptake varied from 
8.4 to 36.5 kg ha-1 by castor bean, from 0.26 to 1.17 kg ha-1 by castor husk and from 1.79 
to 4.65 kg ha-1 in stalks, the total N uptake by all the three components of castor varied 
from 10.7 to 41.4 kg ha-1 across the management treatments (Table 7 and Fig. 8). It was 
observed that practice of tillage did not show  significant influence on the N uptake by 
grain husk and stover. The application of residues significantly influenced the N uptake 
by grain and husk, while the N uptake by stover was not influenced but various levels 
of nitrogen applied showed a significant influence on N uptake by all grain, husk and 
stover. On the whole, the total N uptake by the whole plant varied from 10.7 to 41.4 kg 
ha-1 across the treatments and was significantly influenced only by the residues and varied 
N levels. Among the residues, both sorghum stover and Gliricidia loppings significantly 
influenced the nitrogen uptake while the N uptake in grain, husk and stover significantly 
increased with the increase in N levels. 
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Table 6: Influence of tillage, residues and N levels on yields and per cent nitrogen of castor 
bean, husk and stover 

Tillage Residues N 
levels

Castor 
bean yield

Castor 
husk yield

Castor 
stover yield

% N in 
castor bean

% N in 
castor husk

% N in 
castor 
stover

CT

Sorghum 
stover

N0 419 96 584 2.78 0.34 0.31

N30 725 171 742 3.32 0.41 0.34

N60 828 195 943 3.50 0.41 0.35

N90 1001 235 1157 3.60 0.41 0.39

Gliricidia 
loppings

N0 404 93 596 2.80 0.37 0.37

N30 749 181 798 3.28 0.41 0.38

N60 849 238 900 3.41 0.41 0.38

N90 1018 267 955 3.57 0.44 0.35

No 
residue

N0 368 79 728 2.32 0.33 0.27

N30 685 161 950 3.22 0.37 0.29

N60 720 180 1044 3.29 0.39 0.29

N90 872 223 1091 3.38 0.40 0.32

MT

Sorghum 
stover

N0 394 95 896 2.72 0.36 0.36

N30 546 177 910 3.09 0.41 0.37

N60 769 216 1082 3.59 0.41 0.32

N90 891 266 1107 3.48 0.44 0.42

Gliricidia 
loppings

N0 385 94 809 2.63 0.36 0.37

N30 584 149 916 3.36 0.40 0.39

N60 775 229 1058 3.51 0.43 0.41

N90 904 255 1169 3.60 0.44 0.39

No 
residue

N0 392 93 792 2.44 0.34 0.32

N30 464 114 881 3.29 0.38 0.37

N60 611 175 980 3.18 0.39 0.39

N90 790 208 1167 3.62 0.38 0.39

T * NS NS NS NS NS

R ** ** NS NS ** NS

N ** ** ** ** ** **

T X R NS NS NS NS NS NS

T X N * NS NS NS NS NS

R X N NS NS NS NS NS NS

T X RX N NS NS NS NS NS NS

(T, Tillage; R, Residue; N, Nitrogen)
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Fig. 7: Influence of tillage, residues and N levels average yields of castor and nitrogen content (%) 

Table 7: Influence of tillage, residues and N levels nitrogen uptake by castor bean, husk and 
stover and total N uptake (kg ha-1) by plant 

Tillage Residues N 
levels 

N uptake 
by grain

N uptake 
by husk

N uptake by 
stover

Total N uptake by 
plant

CT

Sorghum stover

N0 11.6 0.33 1.79 13.7

N30 24.0 0.70 2.50 27.2

N60 29.0 0.79 3.29 33.0

N90 36.0 0.95 4.48 41.4

Gliricidia loppings

N0 11.3 0.34 2.17 13.8

N30 24.5 0.74 3.02 28.3

N60 28.9 0.98 3.44 33.3

N90 36.5 1.17 3.37 41.0

No residue

N0 8.4 0.26 2.00 10.7

N30 22.1 0.60 2.73 25.4

N60 23.8 0.70 3.06 27.5

N90 29.5 0.88 3.52 33.9

MT

Sorghum stover

N0 10.7 0.34 3.23 14.3

N30 16.9 0.73 3.36 20.9

N60 27.7 0.89 3.49 32.1

N90 30.9 1.17 4.65 36.7

Gliricidia loppings

N0 01.1 0.34 2.94 13.4

N30 19.7 0.60 3.61 23.9

N60 27.3 0.99 4.37 32.7

N90 33.0 1.13 4.58 38.7

No residue

N0 9.3 0.31 2.60 12.2

N30 15.5 0.43 3.28 19.3

N60 19.6 0.68 3.87 24.1

N90 28.8 0.80 4.60 34.1
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Tillage Residues N 
levels 

N uptake 
by grain

N uptake 
by husk

N uptake by 
stover

Total N uptake by 
plant

T NS NS NS NS

R * ** NS *

N ** ** ** **

T X R NS NS NS NS

T X N NS NS NS NS

R X N NS * NS NS

T X R X N NS NS NS NS

(T, Tillage; R, Residue; N, Nitrogen *Conventional Tillage: CT, Minimum Tillage: MT, Sorghum Stover: SS, Gliricidia 
Loppings: GL, No Residue: NR, N0: No Nitrogen, N30: 30 kg N ha-1, N60: 60 kg N ha-1, N 90: 90 kg N ha-1)

Fig. 8: Influence of tillage, residues and N levels on nitrogen uptake by castor bean (grain), husk and stover 

3.5. Relationships between Different Soil N Fractions/ Pools and Plant Response 
Parameters 
3.5.1. Relationship between Castor Bean Yield and Nitrogen Fractions 

Multiple regressions were also fitted to establish a relationship between castor bean yield 
and N fractions (Table 8). The coefficients of multiple determinations (R2) varied from 0.29 
(at N0 level) to 0.91 (sorghum stover @ 2 t ha-1). Different N fractions, when regressed 
simultaneously with castor bean yield, significant effect was observed in case of majority 
of the fractions. The predominant fractions which showed significant effect on crop yield in 
terms of partial regression coefficient were Exch. NH4

+, Amino acid N & Nitrate N across 
different components of management treatments. When all the components of management 
treatments (tillage, residue and N levels) were considered together, the order of contribution 
(based on the partial regression coefficient, ß) was: Exch. N** (ß=19.23) > hexosamine – 
N (ß=3.01) > Nitrate N (ß= 1.78) > Amino acid N (ß=0.67) > Hydrolyzable NH4- N

 

(ß=0.39) > unidentified N (ß=0.23) > fixed ammonical N (ß=0.02). 
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Table 8: Relationship between castor bean yield and nitrogen fractions 

Yield X Treatments R2 Adj R2 Regression Equation

Castor bean yield
 vs all mean data

0.827 0.808 207.9 + 19.23 (Exch. N)** + 1.785 (Nitrate N) - 0.386 (Hyd. NH4. N) + 
3.010 (Hexosamine N) – 0.673 (Amino acid N) + 0.018 (Fixed. Amm. N) 
+ 0.233 (unidentified N)

Castor bean yield 
vs CT

0.873 0.841 283.9 + 17.53 (Exch. N)** – 6.934 (Nitrate N) +  0.607 (Hyd. NH4. N) 
+ 4.446 (Hexosamine N) + 1.126 (Amino acid N) - 0.176 (Fixed. Amm. 
N) + 0.379 (unidentified N)

Castor bean yield 
 vs MT

0.776 0.719 209.1 + 17.17 (Exch. N)* + 4.235 (Nitrate N) -  0.389 (Hyd. NH4. N) + 
2.960 (Hexosamine N) + 0.460 (Amino acid N) + 0.802 (Fixed. Amm. 
N) - 0.061 (unidentified N)

Castor bean yield 
vs SS

0.910 0.870 -455.2 + 17.20 (Exch. N)** + 20.98 (Nitrate N) -  2.41 (Hyd. NH4. N) + 
3.51 (Hexosamine N) + 2.70 (Amino acid N)* -2.10 (Fixed. Amm. N)* - 
0.076 (unidentified N)

Castor bean yield 
 vs GL

0.894 0.848 -416.2 + 21.71 (Exch. N)** + 0.169 (Nitrate N) -  0.257 (Hyd. NH4. N) 
+ 2.147 (Hexosamine N) + 1.495 (Amino acid N) - 0.097 (Fixed. Amm. 
N) - 0.053 (unidentified N)

Castor bean yield 
 vs NR

0.773 0.674 -136.5 + 17.28 (Exch. N)* + 27.27 (Nitrate N) -  2.879 (Hyd. NH4. N) + 
0.567 (Hexosamine N) + 0.005 (Amino acid N) + 0.982 (Fixed. Amm. 
N) +1.111 (unidentified N)

Castor bean yield 
 vs N0

0.287 -0.212 539.0 + 6.831 (Exch. N) + 13.62 (Nitrate N) -  3.924 (Hyd. NH4. N) + 
5.402 (Hexosamine N) - 0.873 (Amino acid N) - 0.829 (Fixed. Amm. N) - 
0.694 (unidentified N)

Castor bean yield 
 vs N30

0.745 0.566 1210.5 + 4.698 (Exch. N) + 30.01 (Nitrate N)* -  0.689 (Hyd. NH4. N) 
– 3.956 (Hexosamine N) – 1.047 (Amino acid N) – 2.865 (Fixed. Amm. 
N)* – 1.032 (unidentified N)

Castor bean yield 
 vs N60

0.585 0.294 427.4 + 13.74 (Exch. N) + 5.184 (Nitrate N) -  4.158 (Hyd. NH4. N) + 
1.075 (Hexosamine N) + 1.414 (Amino acid N) – 1.497 (Fixed. Amm. 
N) - 0.535 (unidentified N)

Castor bean yield 
 vs N90

0.645 0.397 109.20 + 20.20 (Exch. N)* - 4.804 (Nitrate N) -  6.025 (Hyd. NH4. N) + 
9.524 (Hexosamine N) + 0.447 (Amino acid N) + 0.187 (Fixed. Amm. 
N) - 0.485 (unidentified N)

(*Conventional Tillage: CT, Minimum Tillage: MT, Sorghum Stover: SS, Gliricidia Loppings: GL, No Residue: NR, 
N0: No Nitrogen, N30: 30 kg N ha-1, N60: 60 kg N ha-1, N 90: 90 kg N ha-1)

3.5.2. Relationship between Total N Uptake by Castor and Nitrogen Fractions 

Nitrogen plays an important role in plant growth. Its content varies from 1 to 3%. It constitutes 
16 to 18% of all proteins. It exists in soil in two major forms: organic and inorganic. A major 
part of N in soil exists in organic form and about 2% in inorganic form. The inorganic form 
of N is considered as labile form of N and is susceptible to losses by way of runoff, leaching, 
ammonia volatilization, leaching, denitrification and fixation in clay lattices. Organic forms 
of N can be categorized as hydrolyzable N (Hydrolyzable NH4

+, amino acid N, amino sugar 
N acid soluble humin) and non-Hydrolyzable N (Fixed NH4

+, insoluble humin), whereas, 
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the inorganic N factions can be categorized as ammonical N (NH4
+-N), nitrate N (NO3

--N) 
and nitrite N (NO2

--N). The hydrolyzable N fraction is subjected to mineralization and is 
transformed to mineral N. This happens primarily in three steps: aminization, ammonification 
and nitrification, and is made available to plants. Non hydrolysable N faction constitutes stable 
and complex organic molecules which resist the mineralization process. The inorganic N 
forms viz. NH4

+-N, NO3
--N are important for crop nutrition. The NO2

--N is unstable and does 
not exist in adequate amount. Nitrate fraction is dominant under aerobic conditions whereas 
NH4

+–N is more dominant under anaerobic conditions. The relative balance between 
these two fractions is determined by microbial involved mineralization –immobilization 
processes and the factors affecting these fractions, in addition to redox potential status of 
soil. Ammonical ions in soils remain adsorbed on soil colloids and some may present in 
soil solutions. Nitrate ions, on the other hand mostly remain in the soil solution and some 
of it might be bound to the positive sites of the soil colloids (Mohanty and Singh, 2002). The 
major sources of N in soil include fertilizers, organic manures, crop residues, biofertilizers, 
green manure, organic wastes, rain water and biological N fixation. 

Considering the important contribution of different N fractions towards the available N pool, 
in the present study, these fractions (hydrolysable, non–hydrolysable and inorganic N fraction) 
were correlated with total N uptake by castor crop (bean + stalk + husk) using multiple 
regressions. In the regressions, total N uptake was considered as dependent variable (Y) and 
N fraction as independent variables (X1, X2, X3, -------------Xn). The regression functions were 
fitted individually for each component of soil management treatments such as Conventional 
Tillage (CT), Minimum Tillage (MT), Sorghum Stover application @ 2t ha1 (SS), Gliricidia 
Lopping (GL) application @ 2t ha-1, No Residue application (NR) and different levels of N 
(N0 N30, N60, N90). Equations were also fitted by taking the pooled observations for all the 
three management factors (72 plots). 

The perusal of the data presented in Table 9 indicated that N uptake by castor crop was 
significantly influenced by the simultaneous influence of various N fractions, with the 
coefficient of multiple determination (R2) varying form 0.46 (N uptake at N60) to R2= 0.91 (N 
uptake with SS). It was interesting to record that in majority of the soil management situation, 
exch. NH4

+-N significantly contributed towards N uptake by castor. The NO3
-–N and amino 

acid N also played an important role in contributing towards N uptake of castor. When all the 
soil management factors like tillage, crop residues and N levels were considered together, the 
order of contribution in terms of ß coefficients (partial regression coefficient) towards castor 
N uptake by different fraction was: Exch. NH4

+- N** (ß=0.862) > ß (ß =0.162) amino acid N 
(ß =0.039) and unidentified N(0.0009). The value of coefficient of multiple determinations 
was 0.820 which explained the simultaneous significant influence of various N fractions on 
N uptake in castor in these rainfed Alfisols. 
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Table 9: Relationship between total N uptake by castor crop and nitrogen 

Total N uptake  
X treatment   R2 Adj R2          Regression Equation

Total N uptake 
vs all mean 
data

0.820 0.801
-17.70 + 0.862 (Exch. N)** – 0.035 (Nitrate N) - 0.035 (Hyd. NH4. N) + 0.162 
(Hexosamine N) + 0.039 (Amino acid N) – 0.030 (Fixed. Amm. N) + 0.0009 
(unidentified N)

Total N uptake 
vs CT 0.872 0.840

-19.39 + 0.723 (Exch. N)** – 0.088 (Nitrate N) + 0.140 (Hyd. NH4. N) + 
0.160 (Hexosamine N) + 0.035 (Amino acid N) – 0.003 (Fixed. Amm. N) + 
0.013 (unidentified N)

Total N uptake 
vs MT 0.793 0.741

-18.5 + 1.177 (Exch. N)** + 0.194 (Nitrate N) – 0.168 (Hyd. NH4. N) + 0.118 
(Hexosamine N) + 0.047 (Amino acid N) + 0.039 (Fixed. Amm. N) - 0.021 
(unidentified N)

Total N uptake 
vs SS 0.913 0.875

-30.4 + 0.808 (Exch. N)** + 1.458 (Nitrate N)* - 0.140 (Hyd. NH4. N) - 0.023 
(Hexosamine N) + 0.129 (Amino acid N)* - 0.0448 (Fixed. Amm. N) - 0.009 
(unidentified N)

Total N uptake 
vs GL 0.888 0.839

-24.16 + 1.044 (Exch. N)** + 0.219 (Nitrate N) + 0.072 (Hyd. NH4. N) + 
0.159 (Hexosamine N) + 0.057 (Amino acid N) - 0.013 (Fixed. Amm. N) - 
0.046 (unidentified N)

Total N uptake 
vs NR 0.771 0.670

-13.79 + 0.681 (Exch. N) + 0.443 (Nitrate N) – 0.226 (Hyd. NH4. N) + 0.159 
(Hexosamine N) + 0.020 (Amino acid N) - 0.064 (Fixed. Amm. N) - 0.082 
(unidentified N)

Total N uptake 
vs N0 0.516 0.177

8.453 + 0.169 (Exch. N) + 0.675 (Nitrate N)* – 0.105 (Hyd. NH4. N) + 0.062 
(Hexosamine N) + 0.004 (Amino acid N) - 0.012 (Fixed. Amm. N) - 0.024 
(unidentified N)

Total N uptake 
vs N30 0.613 0.342

54.49 - 0.007 (Exch. N) + 1.261 (Nitrate N)* – 0.101 (Hyd. NH4. N) - 0.070 
(Hexosamine N) + 0.054 (Amino acid N) - 0.097 (Fixed. Amm. N) - 0.043 
(unidentified N)

Total N uptake  
vs N60

0.462 0.085 5.908 + 0.519 (Exch. N) + 0.072 (Nitrate N) – 0.151 (Hyd. NH4. N) + 0.079 
(Hexosamine N) + 0.073 (Amino acid N) - 0.029 (Fixed. Amm. N) - 0.006 
(unidentified N)

Total N uptake  
vs N90 0.631 0.372

3.610 + 1.001 (Exch. N)* - 0.023 (Nitrate N) – 0.434 (Hyd. NH4. N) + 0.522 
(Hexosamine N) + 0.014 (Amino acid N) - 0.045 (Fixed. Amm. N) - 0.056 
(unidentified N)

3.5.3. Relationship between Available N in Soil and Nitrogen Fractions 

Various organic and inorganic N fractions are known to contribute towards plant available 
N in soil. In the present study, we established the relationship between available N (KMnO4 
oxidizable N) and different nitrogen fractions as influenced by different soil management factors 
(Table 10). The value of coefficient of multiple determinations (R2) for these regressions fitted 
under different situations varied from 0.40 to 0.82. The various N fractions which emerged 
as potential positive contributor towards available soil N were found to be hexosamine N, 
hydrolyzable NH4

+- N, fixed ammonical N across the different soil management (tillage, 
residue and N levels) situations. When all the three management components were 
considered together, hexosamine N* with ß = 0.989 emerged as significant contributor 
towards available N. Other fractions which emerged as positive contributors, despite their 
non-significant partial regression coefficient, were: Nitrate N (ß = 0.763), hydrolyzable NH4-
+- N (ß =0.482) fixed ammonical N (ß= 0.169). 
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Table 10: Relationship between available N in soils and nitrogen fractions 

Available N vs 
Treatment   R2  Adj R2          Regression Equation

Available N vs 
all mean data 0.401 0.336

235.6 - 0.534 (Exch. N) + 0.763 (Nitrate N) + 0.482 (Hyd. NH4. N) + 
0.989 (Hexosamine N)* - 0.030 (Amino acid N) + 0.169 (Fixed. Amm. 
N) – 0.079 (unidentified N)

Available N 
vs CT 0.810 0.763

150.1 + 0.892 (Exch. N) + 0.287 (Nitrate N) + 1.163 (Hyd. NH4. N)* + 
0.019 (Hexosamine N) - 0.027 (Amino acid N) + 0.171 (Fixed. Amm. N) 
+ 0.135 (unidentified N)

Available N vs 
MT 0.416 0.269

325.6 + 1.157 (Exch. N) + 2.321 (Nitrate N) + 0.160 (Hyd. NH4. N) + 
0.300 (Hexosamine N) - 0.167 (Amino acid N) - 0.114 (Fixed. Amm. N) – 
0.198 (unidentified N)*

Available N 
vs SS 0.450 0.209

193.0 – 0.861 (Exch. N) + 6.841 (Nitrate N) + 0.121 (Hyd. NH4. N) + 
1.173 (Hexosamine N) + 0.301 (Amino acid N) - 0.318 (Fixed. Amm. N) 
– 0.170 (unidentified N)

Available N vs 
GL 0.428 0.177

265.9 – 0.033 (Exch. N) + 1.208 (Nitrate N) + 0.377 (Hyd. NH4. N) + 
0.867 (Hexosamine N) - 0.182 (Amino acid N) + 0.258 (Fixed. Amm. N) 
– 0.152 (unidentified N)

Available N vs 
NR 0.433 0.185

232.9 – 1.918 (Exch. N) – 4.881 (Nitrate N) + 0.922 (Hyd. NH4. N) + 
1.379 (Hexosamine N) - 0.154 (Amino acid N) + 0.453 (Fixed. Amm. N) 
– 0.111 (unidentified N)

Available N vs 
N0 0.819 0.693

336.7 – 15.85 (Exch. N)** + 2.310 (Nitrate N) + 4.238 (Hyd. NH4. N) 
+ 4.015 (Hexosamine N) - 0.864 (Amino acid N) + 1.508 (Fixed. Amm. 
N)* – 0.566 (unidentified N)

Available N vs 
N30 0.568 0.265

239.6 – 0.850 (Exch. N) - 0.550 (Nitrate N) + 0.631 (Hyd. NH4. N) + 
0.639 (Hexosamine N) - 0.116 (Amino acid N) + 0.456 (Fixed. Amm. N) 
– 0.061 (unidentified N)

Available N vs 
N60 0.597 0.315

306.0 – 0.783 (Exch. N) + 0.644 (Nitrate N) + 0.512 (Hyd. NH4. N) + 
0.514 (Hexosamine N) + 0.074 (Amino acid N) - 0.237 (Fixed. Amm. N) 
– 0.129 (unidentified N)

Available N vs 
N90 0.520 0.184

358.0 – 0.552 (Exch. N) + 4.252 (Nitrate N) - 0.681 (Hyd. NH4. N) + 
0.936 (Hexosamine N) – 0.180 (Amino acid N) + 0.011 (Fixed. Amm. N) 
– 0.115 (unidentified N)

3.5.4. Relationship between Total Nitrogen in Soil and Nitrogen Fractions

As mentioned earlier in the foregoing text, major part of the total N in soil comes from 
organic N pools comprising of hydrolyzable and non-hydrolyzable fractions. In order to see 
the quantum of contribution of different N fractions towards total N pool in soil, multiple 
regressions were fitted between total N as dependent variable and N fractions as independent 
variables (Table 11). From the perusal of these data, it was observed that coefficient of multiple 
determination (R2) of the regression equation varied from as low as 0.44 (at N0 level) to as 
high as 0.84 (Sorghum Stover (SS) @ 2t ha) across the soil management treatments. The 
important N fractions which emerged as potential positive contributor towards total N were 
exch. NH4

+- N, hydrolyzable NH4
+- N, fixed ammonical N & unidentified N across the 

soil management treatments. However, when all the three components of the management 
treatments were considered together, the predominant fractions viz. Exch. NH4

+- N* (ß 
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=7.93), hydrolyzable NH4
+- N* (ß= 4.82), fixed ammonical N* (ß= 2.52) and unidentified 

N (ß= 0.72) were found to be substantial contributor towards total N in the present study. 

Table 11: Relationship between total N in soils and nitrogen fractions 

Total N vs 
Treatment R2 Adj R2 Regression Equation

Total N vs all 
mean data 0.778 0.753

669.5 + 7.93 (Exch. N)* + 10.39 (Nitrate N) + 4.817 (Hyd. NH4. N)* – 
1.542 (Hexosamine N) + 1.310 (Amino acid N) + 2.522 (Fixed. Amm. 
N)** + 0.717 (unidentified N)

Total N vs CT 0.799 0.748
376.6 + 8.639 (Exch. N) + 17.86 (Nitrate N) + 6.207 (Hyd. NH4. N) – 
9.978 (Hexosamine N)* + 2.123 (Amino acid N) + 3.359 (Fixed. Amm. 
N) + 1.701 (unidentified N)*

Total N vs MT 0.816 0.770
868.1 + 11.308 (Exch. N) + 3.180 (Nitrate N) + 4.993 (Hyd. NH4. N) + 
1.759 (Hexosamine N) + 0.319 (Amino acid N) + 2.386 (Fixed. Amm. 
N) – 0.039 (unidentified N)

Total N vs SS 0.842 0.772
1277.2 + 3.727 (Exch. N) + 16.403 (Nitrate N) + 7.792 (Hyd. NH4. N) 
+ 4.951 (Hexosamine N) – 2.318 (Amino acid N) + 1.804 (Fixed. Amm. 
N) + 0.851 (unidentified N)

Total N vs GL 0.758 0.652
259.2 + 13.73 (Exch. N) – 8.394 (Nitrate N) + 9.149 (Hyd. NH4. N) – 
6.826 (Hexosamine N) – 2.953 (Amino acid N) + 1.939 (Fixed. Amm. N) 
+ 1.112 (unidentified N)

Total N vs NR 0.826 0.749
783.3 – 2.481 (Exch. N) – 20.279 (Nitrate N) + 5.111 (Hyd. NH4. N) – 
0.859 (Hexosamine N) + 0.211 (Amino acid N) + 5.247 (Fixed. Amm. 
N)* + 1.679 (unidentified N)

Total N vs N0 0.444 0.055
1035.9 + 5.337 (Exch. N) + 9.372 (Nitrate N) – 2.527 (Hyd. NH4. N) – 
0.685 (Hexosamine N) + 1.862 (Amino acid N) + 2.904 (Fixed. Amm. 
N) – 0.987 (unidentified N)

Total N vs N30 0.626 0.365
1194.2 + 5.650 (Exch. N) + 18.44 (Nitrate N) + 0.357 (Hyd. NH4. N) – 
0.533 (Hexosamine N) + 0.133 (Amino acid N) + 2.560 (Fixed. Amm. 
N) + 0.025 (unidentified N)

Total N vs N60 0.494 0.140
647.3 + 20.937 (Exch. N) + 2.313 (Nitrate N) + 6.736 (Hyd. NH4. N) – 
10.830 (Hexosamine N) + 2.229 (Amino acid N) + 1.857 (Fixed. Amm. 
N) - 0.386 (unidentified N)

Total N vs N90 0.518 0.181
1085.7 + 1.156 (Exch. N) + 31.75 (Nitrate N) + 2.995 (Hyd. NH4. N) + 
0.563 (Hexosamine N) – 0.736 (Amino acid N) + 3.798 (Fixed. Amm. N) 
+ 0.628 (unidentified N)

3.5.5. Simple (Linear) Quantitative Predictive Relationship 

Simple quantitative relationships were also worked out between total N uptake vs total 
hydrolyzable N, total N uptake vs available N, available N vs total hydrolysable N & total N 
vs total hydrolysable N (Table 12). The linear regression coefficient (R2) of these relationships 
varied from 0.2 (total N uptake vs available N) to 0.67 (total N vs total hydrolyzable N). From 
these simple functions, it was understood that total hydrolyzable N played an important role 
in contributing towards total N uptake by castor crop, soil available N and total N in soil. The 
part of the results presented in this section has been published earlier in a Research Journal 
(Suma Chandrika et al., 2016).
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Table 12: Relationship between castor bean yield and nitrogen fractions under different 
tillage, residues and N level

Relationship R2 Adj R2 Regression Equation

Total N uptake vs Total hydrolyzable N 0.644 0.639 -16.25 + 0.089 (Total Hyd. N)** 

Total N uptake vs Available N 0.220 0.209 -26.08 + 0.174 (Avail. N)** 

Available N vs Total hydrolysable N 0.223 0.212 234.18 + 0.142 (Total Hyd. N)**

Total N vs Total hydrolysable N 0.668 0.663 856.93 + 2.393 (Total Hyd. N)**

3.5.6. Inter Correlation between Different N Fractions

Exchangeable NH4
+- N showed significant correlation with all the N fractions. The magnitude 

of correlation coefficient varied from 0.306 (available N) to 0.756 (Total hydrolyzable N). 
Nitrate N also showed significant correlation with all the other N fractions studied. The 
magnitude of correlation coefficient in this case varied from 0.433 (unidentified N) to 0.680 
(Total hydrolyzable N). Total hydrolyzable N showed significant correlation with all the N 
fractions studied. The correlation value varied from 0.472 (Available N) to 0.859 (Hexosamine 
N). Similarly, hydrolyzable NH4

+- N also significantly correlated with all the N fractions, 
the range of correlation values being 0.532 (Available N) to 0.830 (Total hydrolyzable N). 
Hexosamine N also significantly correlated with all the N fractions, the value of correlation 
coefficient ranged from 0.562 (Available N) to 0.859 (Total hydrolyzable N). Amino acid N 
and available soil N also significantly correlated with all the N fractions except unidentified N. 
The quantum of correlation ranged from 0.165 (Unidentified N) to 0.708 (Total hydrolyzable 
N) and 0.182 (Unidentified N) to 0.562 (Hexosamine N) respectively. The fixed ammonical 
N also showed significant correlation with all the other N fractions, the value of correlation 
coefficient varied from 0.247 (Unidentified N) to 0.760 (Amino acid N). When total soil N 
content was correlated with all the other Nitrogen fractions, it showed significant correlation 
with all of them, with minimum and maximum values of correlation coefficient being 0.540 
(Available N) and 0.817 (Total hydrolyzable N) respectively. 

From the results presented above, it was clearly understood that there was significant long 
term effect of tillage, residues and N levels on soil N fractions and their contribution to the 
available N pool in soil and towards plant N uptake. The long term practice of tillage and 
application of residue also significantly influenced the total N uptake by castor. It was clearly 
observed that beside inorganic N fractions, some of the hydrolyzable and unhydrolyzable 
fractions also played a significant role in plant N uptake. A strong correlation between castor 
yield with total N and total uptake has been observed. Hence, buildup of N in these pools by 
following appropriate soil and nutrient management practices should be the prime strategy in 
improving the nitrogen economy in tropical soils. Among the different combinations of soil 
management practices, the order of superiority was MTSSN90 > MTGLN90 > MTSSN60 > 
CTSSN60 > MTGLN60. Thus, these practices can be recommended to the farmers/growers 
in tropical Alfisol regions as strategy to improve N economy of the soil by way of improving 
the quantum of N in different chemical fractions/pools, besides getting higher crop yield.
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Plate: Field view of sorghum and castor crop in sorghum- castor system.

3.6. Effect on Enzymatic Activity and Labile C Pools 
Soil enzymes help in maintaining soil health and its environment. The reliability of the 
terrestrial ecosystems lies mostly on the soil health. A careful and systematic understanding 
of the soil enzyme activities is crucial in promising the health of the soils as they catalyze 
various important reactions, necessary for several life processes in the soils. 

Soil samples were collected (0-15 cm depth) after 15th year (2010) of experimentation. 
Samples were analyzed for various soil biological properties. They were air-dried, processed 
and passed through a 2 mm sieve and analyzed for enzyme activity and labile carbon. Some 
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portion of the sample was stored at 5°C in a refrigerator for 3–4 days and analyzed for 
microbial biomass carbon (MBC). For estimation of soil organic carbon, samples passed 
through 0.5 mm sieve were used. Assay of phosphor mono esterase activity was based on 
calorimetric estimation (Tabatabai et al., 1969; Eivazi et al., 1977). Intensities of the yellow 
color that developed were measured at 415 nm. Arylsulphatase activity was estimated by 
measuring p-nitrophenol released by it (Tabatabai et al., 1970). Urease activity was measured 
by calorimetric method after incubating the soil at 37°C for 2 h with urea solution (Tabatabai 
et al., 1972). Estimation of MBC was done using chloroform fumigation technique and 
dehydrogenase activity (DHA) by triphenyl tetrazolium chloride method (TTC) (Lenhard et 
al., 1956). Labile carbon was analyzed by adopting the recommended protocol (Weil et al., 

2003). Organic carbon was analyzed using standard procedure (Walkley et al., 1934). 

3.6.1. Phosphatase Activity in Soils 

Most of the phosphorus in the soils is present in organic form constituting 50 to 55% of total 
P. Phosphatase enzymes are the enzymes which hydrolyze the P esters and play a major role 
in P cycles of the soil system by converting organic P to inorganic P. They are mostly of plant 
and microbial origin and consist of acid phosphatase and alkaline phosphatase. Alkaline 
phosphatases are mostly of microbial origin. Because phosphatase activity is sensitive to 
environmental perturbations, it is also often used as an environmental indicator of soil quality. 

3.6.1.1. Acid Phosphatase Activity in Soils 

In the present study, acid phosphatase activity in the soil ranged from 244.6 to 322.8 mg 
kg-1 across the management treatments (Table 13). Tillage as well as various N levels in 
the soil did not show any conspicuous influence on acid phosphatase activity whereas 
the various residues applied to the soil showed a significant influence. Irrespective of 
the statistical significance, minimum tillage maintained slightly higher acid phosphatase 
activity (280.2 mg kg-1) compared to conventional tillage (272.0 mg kg-1). Among the 
residues, when averaged over tillage and N levels, Gliricidia loppings played a significant 
role and showed significantly highest acid phosphatase activity (298.1 mg kg-1) followed 
by sorghum stover application (273.2 mg kg-1). While the no residue treatment showed the 
lowest acid phosphatase activity (257.0 mg kg-1). Even the various N levels did not show 
any significant influence on acid phosphatase activity. But irrespective of the statistical 
significance, application of N @ 90 kg ha-1 showed higher acid phosphatase activity (283.7 
mg kg-1) compared to N applied @ 0 kg ha-1 (268.5 mg kg-1). However, among all the 
combination of treatments, irrespective of the statistical significance, it was observed 
that the combination of treatments viz., minimum tillage + Gliricidia loppings + N @ 
90 kg ha-1 (MTGLN90) recorded higher acid phosphatase activity (322.8 mg kg-1) while 
the combination of treatment viz., conventional tillage + no residue + N @ 0 kg ha-1 
(CTNRN0) recorded lower acid phosphatase activity (244.6 mg kg-1). 
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Table 13: Effect of tillage, residues, and N levels on acid phosphatase enzyme activity, 
alkaline phosphatase enzyme activity, aryl sulphatase enzyme activity (mg kg-1) 

Tillage Residues N levels Acid phosphatase 
enzyme activity in soil

Alkaline phosphatase 
enzyme activity in soil

Aryl sulfatase enzyme 
activity in soil

CT

Sorghum

stover

N0 261.1 145.6 175.0

N90 284.3 168.9 188.6

Gliricidia

loppings

N0 271.2 170.1 175.0

N90 303.8 180.4 196.0

No residue
N0 244.6 129.3 144.4

N90 266.7 141.4 167.5

MT

Sorghum

stover

N0 284.3 153.6 182.2

N90 263.0 176.1 201.5

Gliricidia

loppings

N0 294.5 174.1 191.3

N90 322.8 186.7 218.1

No residue
N0 255.2 133.7 160.3

N90 261.6 146.5 189.4

T NS NS *

R ** * **

N NS NS **

T X R NS NS NS

T X N NS NS NS

R X N NS NS NS

T X R X N NS NS NS

(T, Tillage; R, Residue; N, Nitrogen)

3.6.1.2. Alkaline Phosphatase Activity in Soils 

The alkaline phosphatase enzyme activity in the soils varied from 129.3 to 186.7 mg kg-1 
across the management treatments (Table 14). From the perusal of the data, it was observed 
that only the application of various residues played a significant role whereas tillage and varied 
N levels did not show any significant influence on alkaline phosphatase activity. Irrespective 
of the statistical significance, among the tillage practices, it was observed that on an average, 
alkaline phosphatase activity was higher under minimum tillage (161.8 mg kg-1) compared 
to conventional tillage (156.0 mg kg-1). Among the various residue treatments, application of 
Gliricidia loppings recorded significantly higher alkaline phosphatase activity (177.8 mg kg-1) 
followed by sorghum stover residues (161.1 mg kg-1). While the treatment which received 
no residue recorded lower alkaline phosphatase activity to the extent of 137.7 mg kg-1. In 
case of varied N levels applied to sorghum-castor crops, there was no significant difference 
between both the levels in influencing the alkaline phosphatase activity. But still, the higher 
dose of N i.e. N applied @ 90 kg ha-1 recorded slightly higher alkaline phosphatase activity 
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(166.7 mg kg-1) compared to N @ 0 kg ha-1 (151.1 mg kg-1). However, when all the treatments 
where considered together, irrespective of the statistical significance, the treatment which 
received no nitrogen and no residue under conventional tillage (CTNRN0) recorded lowest 
alkaline phosphatase activity (129.3 mg kg-1) while the treatment which received Gliricidia 
loppings and N @ 90 kg ha-1 under minimum tillage (MTGLN90) recorded highest alkaline 
phosphatase activity (186.7 mg kg-1).   

3.6.2. Aryl Sulphatase Activity in Soils 

Aryl sulphatases are widespread in soils and are responsible for hydrolysis of sulphate esters. 
Apart from several other roles they play, aryl sulphatase have an important role in sulphur 
mobilization in soils. Their occurrence is often correlated with microbial biomass and rate of 
S immobilization. In the present study, aryl sulphatase activity in the soils varied from 144.4 
to 218.1 mg kg-1 across the tillage, residues and nutrient management treatments (Table 
14). From the data table, it was observed that tillage, residues, and various N levels played 
a significant role in influencing the aryl sulphatase activity. Among the tillage practices, 
minimum tillage maintained significantly highest aryl sulphatase activity (190.5 mg kg-1) 
while under conventional tillage the aryl sulphatase activity was to the extent of 174.4 mg 
kg-1. Among the residues treatments, on an average, the application of Gliricidia loppings 
recorded significantly highest aryl sulphatase activity (195.1 mg kg-1) followed by sorghum 
stover application (186.8 mg kg-1). Among the two N levels studied, application of N @ 90 
kg ha-1 recorded significantly highest aryl sulphatase activity (193.5 mg kg-1) while in the 
treatment which received N @ 0 kg ha-1 recorded lowest aryl sulphatase activity (171.4 
mg kg-1). Irrespective of the statistical significance, when all the treatments were considered 
together, highest aryl sulphatase activity was observed under the combination of Gliricidia 
loppings + N @ 90 kg ha-1 in minimum tillage (MTGLN90) (218.1 mg kg-1) while it was 
lowest in no residue + N@ 0 kg ha-1under conventional tillage (CTNRN0) (144.4 mg kg-1 ). 

3.6.3. Dehydrogenase Activity in Soils 

Dehydrogenases are the enzymes which oxidize soil organic matter by transferring protons 
and electrons from substrates to acceptors which become a part of respiration pathways 
of soil microorganisms. The activities of this enzyme represent the potential of the soil to 
support biochemical processes which are essential for maintaining better soil environment, 
soil fertility and health. In the present study, dehydrogenase activity in the experimental 
soils varied from 0.88 to 3.00 mg kg-1 across the long-term tillage, residues and nutrient 
management treatments (Table 14). Similar to aryl sulphatase activity, dehydrogenase activity 
was also significantly influenced by different tillage, residues and N level treatments. Among 
the tillage practices, on an average over residues and N levels, dehydrogenase activity 
was significantly highest under minimum tillage (2.17 mg kg-1) while it was lowest under 
conventional tillage (1.34 mg kg-1). Among the various residue treatments, on an average 
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over tillage and N levels, application of Gliricidia loppings recorded significantly highest 
dehydrogenase activity (2.29 mg kg-1) followed by sorghum stover residue application 
(1.69 mg kg-1), while the treatment which received ‘no residue’ recorded the lowest 
dehydrogenase activity to the extent of 1.28 mg kg-1. Among the various N levels, on an 
average across the tillage and residue treatments, application of N @ 90 kg ha-1 recorded 
significantly highest dehydrogenase activity (1.98 mg kg-1) compared to N applied @ 0 kg ha-1  
(1.53 mg kg-1). However, irrespective of the statistical significance, the treatment which 
received no residue + N @ 0 kg ha-1 under conventional tillage (CTNRN0) recorded 
significantly lowest dehydrogenase activity (0.88 mg kg-1) while the treatment which received 
Gliricidia loppings + N @ 90 kg ha-1 under minimum tillage (MTGLN90) recorded the 
highest dehydrogenase activity (3.00 mg kg-1).   

3.6.4. Urease Activity in Soils 

Urease enzyme is considered important in the regulation of N supply to plants after urea 
fertilization because it is responsible for the hydrolysis of urea fertilizers applied to the soils. 
Its activity in soils depends not only upon soil factors, but also upon many environmental 
factors. In the present study, urease activity in soils varied from 7.72 to 17.4 mg kg-1 across 
the long-term tillage, residues and nutrient management treatments (Table 14). From the 
perusal of the statistical analysis of the data, it was observed that the urease activity in the 
soils was significantly influenced by the long term effects of tillage, residues and N levels. 
Among the various tillage practices, when averaged over residues and N levels, urease activity 
was significantly higher under minimum tillage (13.2 mg kg-1) compared to conventional 
tillage practice (10.6 mg kg-1). In case of residue treatments, when averaged over tillage 
and N levels, it was observed that application of Gliricidia loppings recorded significantly 
higher urease activity (13.9 mg kg-1) followed by sorghum stover residue application (11.5 
mg kg-1). When the two N levels were compared, when averaged over tillage and residues, 
application of N @ 90 kg ha-1 recorded significantly highest urease activity in soil (13.2 mg kg-

1) compared to N applied @ 0 kg ha-1 (10.6 mg kg-1 ). However, irrespective of the statistical 
significance of the data, it was observed that the application of no residue + N @ 90 kg ha-1 
under conventional tillage (CTNRN0) recorded significantly lowest urease activity (7.72 mg  
kg-1) while the highest urease activity was observed under the treatment receiving Gliricidia 
loppings + N @ 90 kg ha-1 under minimum tillage practice (MTGLN90) (17.4 mg kg-1).  

3.7. Microbial Biomass Carbon in Soils
The microbial biomass carbon in the soils ranged from 121.3 to 258.3 mg kg-1 across the 
tillage, residues and nutrient management treatments (Table 14). From the statistical analysis 
of the data, it was observed that tillage, residues and various N levels played a significant role 
in influencing the microbial biomass carbon in the soils, but none of the interaction effects 
were statistically significant. Among the tillage practices, on an average over residues and 
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N levels, it was observed that minimum tillage maintained significantly highest microbial 
biomass carbon (218.2 mg kg-1) compared to minimum tillage (176.9 mg kg-1). Among the 
various residue treatments, when averaged over tillage and N levels, it was observed that the 
treatments which received Gliricidia loppings over a long term period maintained significantly 
highest microbial biomass carbon (231.4 mg kg-1) followed by sorghum stover application 
(201.2 mg kg-1). But the treatments which received no residue maintained significantly lowest 
microbial biomass carbon (160.2 mg kg-1). In case of N levels, when averaged over tillage and 
residue levels, it was observed that the application of N @ 90 kg ha-1 significantly maintained 
highest microbial biomass carbon to the extent of 212.6 mg kg-1 while the N applied @ 0 kg 
ha-1 maintained microbial biomass carbon only to the extent of 182.5 mg kg-1. Neither of the 
interaction effects between tillage, residues and N levels showed a conspicuous influence 
on microbial biomass carbon. However, irrespective of their statistical significance, it was 
observed that the combination of treatments viz., minimum tillage + Gliricidia loppings 
+ N @ 90 kg ha-1 (MTGLN90) recorded higher microbial biomass carbon of 258.3 mg kg-1 
while the combination of treatment viz., conventional tillage + no residue + N @ 0 kg ha-1 
(CTNRN0) maintained the lowest content of microbial biomass carbon (121.3 mg kg-1). 

3.8. Labile Carbon in Soils 
Labile carbon in the soils varied between 167.0 to 277.8 mg kg-1 across various tillage, 
residues and nutrient management treatments (Table 14). The statistical analysis of the data 
reveals that the long-term practice of residues as well as N levels played a significant role in 
influencing the labile carbon content in the soils while the tillage practices did not play any 
significant role in influencing the labile carbon. Among the tillage practices, when averaged 
over residues and N levels, it was observed that minimum tillage recorded significantly 
highest labile carbon content (239.1 mg kg-1) compared to conventional tillage (204.7 mg  
kg-1). In case of residue treatments, when averaged over tillage and N levels, it was observed 
that the application of Gliricidia loppings maintained significantly highest labile carbon 
content (252.2 mg kg-1) followed by sorghum stover application (214.8 mg kg-1), while the 
treatments which received no residue maintained labile carbon only to the extent of 198.8 mg 
kg-1. Among the two N levels, when averaged over tillage and residues, it was observed that 
application of N @ 90 kg ha-1 maintained significantly highest labile carbon content (234.0 
mg kg-1) while N applied @ 0 kg ha-1 recorded lowest labile carbon (209.9 mg kg-1). It was 
observed that neither of the interaction effects between tillage, residues and N levels played 
a significant role in influencing the labile carbon content in the soils. However, irrespective 
of the statistical significance, it was observed that, among all the tillage, residues and nutrient 
management treatments, the combination of minimum tillage + Gliricidia loppings + N 
@ 90 kg ha-1 (MTGLN90) recorded higher labile carbon content of 277.8 mg kg-1 while the 
combination of treatment viz., conventional tillage + no residue + N @ 0 kg ha-1 (CTNRN0) 
recorded the lower content of labile carbon (167.0 mg kg-1).  
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To summarize, minimum tillage, surface application of GL and N @ 90 kg ha–1 were found 
to be superior in positively influencing the activity of dehydrogenase enzymes as well as 
MBC and LC. The part of the results presented in this section has been published earlier in a 
Research Journal (Sharma et al., 2016).

Table 14: Effect of tillage, residues, and N levels on dehydrogenase and, urease enzyme 
activity, microbial biomass carbon and labile carbon (mg kg-1) 

Tillage Residues N 
levels

Dehydrogenase 
activity in soil

Urease enzyme 
activity in soil

Microbial biomass 
carbon in soil

Labile carbon 
in soils

CT

Sorghum
stover

N0 1.08 9.31 163.6 182.4

N90 1.53 11.9 194.8 200.5

Gliricidia
loppings

N0 1.18 11.7 198.6 231.7

N90 2.12 13.1 235.8 247.8

No 
residue

N0 0.88 7.72 121.3 167.0

N90 1.26 9.68 147.7 199.1

MT

Sorghum
stover

N0 1.95 10.8 204.4 227.9

N90 2.21 13.9 241.8 248.4

Gliricidia
loppings

N0 2.84 13.5 233.0 251.5

N90 3.00 17.4 258.3 277.8

No 
residue

N0 1.26 10.3 174.3 198.7

N90 1.73 13.3 197.4 230.6

Tillage (T) ** * * NS

Residue (R) ** ** ** **

Nitrogen (N) ** ** ** **

T X R NS NS NS NS

T X N NS NS NS NS

R X N NS NS NS NS

T X R X N NS NS NS NS

3.9. Long-term Effect of Tillage, Residues and N Levels on Organic Carbon in Soil 
Profile (0-90 cm Depth) 
The data pertaining to organic C content of soil profile as influenced by long term soil 
management treatments have also been presented. Soil samples were collected from six 
depths (0-15cm, 15-30cm, 30-45cm, 45-60cm, 60-75cm and 75-90cm) of soil profile after 
15 years of experimentation and SOC was determined using standard procedure (Walkley 
and Black 1934). The data are presented in Table 15. After 15 years of continuous practice of 
minimum tillage, application of residues resulted in significant influence of organic C in all 
the depths studied in the soil profile. 
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3.9.1. 0-15 cm Soil Depth 

In the surface layer i.e., 0-15cm depth, SOC varied from 4.24 to 7.89 g kg-1. Minimum tillage 
recorded significantly higher SOC (6.47 g kg-1) compared to conventional tillage (5.75 g 
kg-1). The higher SOC content under minimum tillage could be due to less disturbance and 
mixing of the soil thereby reducing the oxidation of the of carbon compared to conventional 
tillage. Application of residues resulted in significant improvement in SOC content in the 
surface layers compared to no residue application. Sorghum stover and Gliricidia application 
recorded significantly higher SOC contents to the order of  6.57 g kg-1 and 6.73 g kg-1 
respectively compared to control (4.80 g kg-1). Application of N @ 90 kg ha-1 along with the 
residues also significantly maintained higher SOC content (6.61 g kg-1) in soils compared to 
control or no nitrogen application (5.79 g kg-1). The interaction effects of tillage x residues x 
N levels were found to be significant. 

3.9.2. 15-30 cm Soil Depth

Tillage and residue management practices along with nitrogen application significantly 
influenced the SOC at 15-30cm depth. The organic carbon at this depth varied from 4.05 to 
7.09 g kg-1 across the treatments. Minimum tillage recorded significantly higher SOC content 
(6.28 g kg-1) compared to conventional tillage (5.50 g kg-1). Application of Gliricidia @ 2t ha-1 
significantly improved SOC content (6.46 g kg-1) followed by sorghum stover (6.36 g kg-1) 
compared to control (4.31 g kg-1). Nitrogen application also significantly improved the SOC 
content. The interaction effects of tillage x residues x N levels (TxRxN) were also found to 
be significant. 

3.9.3. 30-45 cm Soil Depth 

Significant effect of tillage practices and application of residues on SOC was observed at 30-
45 cm depth. The interaction effect of tillage with residues (TxR) and residues with N levels 
(RxN) were found to be significant. The SOC content at 30-45cm soil depth varied from 3.86 
to 6.3 gkg-1 across all the treatment combinations. Minimum tillage maintained significantly 
higher SOC (5.89g kg-1) compared to conventional tillage (5.18gkg-1). Application of residues 
(both sorghum stover and Gliricidia) significantly improved SOC (5.86 g kg-1) compared to 
no residue application (4.34 g kg-1). 

3.9.4. 45-60 cm Soil Depth 

The significant effects of tillage and residue management practices on SOC content were 
observed in 45-60 cm soil depth. The SOC content varied from 3.72 to 5.97 g kg-1 across 
the treatments. Minimum tillage maintained significantly higher SOC content (5.55 g kg-1) 
compared to conventional tillage practice (4.69 g kg-1). All interaction effects except tillage 
and N levels (TxN) were significant 

3.9.5. 60-75 cm Soil Depth 

Long-term use of tillage, residue and N levels had a significant influence on SOC at 60-75 
cm depth. The SOC varied from 3.3 to 5.3 g kg-1 across the treatments. Minimum tillage 
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(4.8 g kg-1) recorded significantly higher OC compared to conventional tillage (4.1 g kg-1). 
Gliricidia loppings (4.67 g kg-1) and sorghum stover application (4.71 g kg-1) resulted in 
significantly higher SOC compared to no residue application (3.5 g kg-1). Application of 
nitrogen significantly increased the SOC content in soils. N application @ 90 kg ha-1 resulted 
in significant improvement in SOC (4.65 g kg-1) compared to no nitrogen application (4.18 
g kg-1). 

3.9.6. 75-90 cm Soil Depth 

At this depth, SOC content varied from 3.15 to 5.22 g kg-1 across the treatments. Tillage, 
residues and N levels significantly influenced OC in soils. Minimum tillage had a significant 
effect on SOC (4.68 g kg-1) even in deeper layers of the soil compared to conventional 
tillage (4.03 g kg-1). The residues and N levels also showed a significant influence on SOC in 
75-90 cm depth. Gliricidia loppings and sorghum stover application resulted in significant 
improvement in SOC compared to no residue application. It was observed that tillage, 
residues and N levels were found to be significant. 

Table 15: Effect of tillage, residue application and N levels on soil organic carbon (g kg-1) 

Tillage Residues N levels 0-15 15-30 30-45 45-60 60-75 75-90

CT

Sorghum 
stover 

N0 5.77 5.34 5.29 4.24 4.31 4.27

N30 5.98 5.68 5.66 4.68 4.63 4.50

N60 6.58 6.37 5.86 4.64 4.54 4.62

N90 6.92 6.75 6.04 5.03 4.61 4.75

Gliricidia 
loppings

N0 6.10 5.74 5.64 5.41 3.47 3.42

N30 6.05 6.08 5.60 5.52 4.13 4.22

N60 6.60 6.51 5.65 5.50 4.33 4.33

N90 7.16 6.59 5.93 5.57 4.49 4.57

No residue 

N0 4.01 4.05 3.87 3.72 3.31 3.15

N30 4.24 4.19 4.16 3.76 3.52 3.25

N60 4.36 4.31 4.22 4.02 3.90 3.45

N90 4.42 4.35 4.23 4.15 4.07 3.85

MT

Sorghum 
stover 

N0 6.44 6.54 5.92 5.46 4.83 4.72

N30 6.54 6.53 5.91 5.56 4.89 4.67

N60 6.99 6.60 6.04 5.73 4.93 4.67

N90 7.32 7.04 6.16 5.60 4.94 4.83

Gliricidia 
loppings

N0 6.16 6.25 5.73 5.28 5.02 5.19

N30 6.83 6.45 5.80 5.39 5.30 5.22

N60 7.04 6.98 6.20 5.38 5.28 5.11

N90 7.89 7.09 6.33 5.97 5.30 5.17
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Tillage Residues N levels 0-15 15-30 30-45 45-60 60-75 75-90

MT No residue 

N0 5.45 5.30 5.49 5.36 4.14 4.12

N30 5.33 5.50 5.52 5.33 4.21 4.12

N60 5.74 5.43 5.84 5.77 4.39 4.13

N90 5.94 5.66 5.71 5.73 4.46 4.25

Tillage (T) ** ** ** ** ** **

Residue (R) ** ** ** ** ** **

Nitrogen (N) ** ** ** ** ** **

T X R ** ** ** ** ** **

T X N ** NS NS NS ** **

R X N NS ** NS ** ** **

T X R X N NS NS ** ** ** **

3.10. Long-term Effect of Tillage, Residues and N Levels on Labile Carbon in Soil 
Profile (0-90 cm Depth) 
Across the soil profile, it was observed that minimum tillage maintained its superiority over 
conventional tillage in recording higher labile C (Table 16). Residue application and N 
levels also played a significant role in positively influencing the LC in soil profile. The data 
pertaining to labile C (LC) is presented as follows: 

3.10.1. 0-15 cm Soil Depth

Tillage, residues and N levels significantly influenced the labile C in soil across all the 
treatments. Minimum tillage maintained significantly higher LC (254.5 mg kg-1) compared 
to conventional tillage (246.5 mg kg-1). Application of Gliricidia loppings proved to be 
significantly superior (261.6 mg kg-1) in improving labile carbon content in soils compared 
to other residues. The N application @ 90 kg ha-1 also resulted in significantly higher (264.0 
mg kg-1) labile carbon in soil compared to control (234.3 mg kg-1). All the other interaction 
effects of the treatments were found to be significant. 

3.10.2. 15-30 cm Soil Depth 

At this depth, Minimum tillage (248.6 mg kg-1) maintained significantly higher labile carbon 
content in soil compared to conventional tillage (240.7 mg kg-1). Application of Gliricidia 
loppings maintained significantly higher labile carbon (254.7 mg kg-1) compared to sorghum 
stover (250.6 mg kg-1) and no residue (228.6 mg kg-1). The interaction effects of the treatment 
components were also found to be significant on labile carbon.

3.10.3. 30-45 cm Soil Depth 

At 30-45 cm soil depth, the labile carbon content was significantly influenced by tillage, 
residues and N levels. Minimum tillage (233 mg kg-1) showed significantly higher LC over 
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conventional tillage (225.1 mg kg-1). Application of Gliricidia loppings recorded significant 
increase in labile carbon content (243.6 mg kg-1) compared to sorghum stover (223.4 mg  
kg-1) and no residue (220.1 mg kg-1). The effect of levels of N and other interaction effects 
were also found to be significant. 

3.10.4. 45-60 cm Soil Depth 

At 45-60 cm soil depth, labile carbon was significantly influenced by tillage, residue and N 
levels. Minimum tillage maintained significantly higher labile C (224.9 mg kg-1) compared to 
conventional tillage (213.8 mg kg-1). Among the residues, application of Gliricidia loppings 
maintained significantly higher labile carbon content (231.6 mg kg-1) compared to sorghum 
stover (217.4 mg kg-1) and no residue application (209.1 mg kg-1). The levels of N also 
significantly influenced the labile C content in soils. 

3.10.5. 60-75 cm Soil Depth

 The long term effect of tillage, residues and N levels was found to be significant in improving 
labile carbon content at this depth also. Minimum tillage maintained significantly higher 
labile C (213.2 mg kg-1) compared to conventional tillage (193.1 mg kg-1). Residues and N 
levels were found to significantly influence the labile carbon. The interaction effects with 
tillage and residues were also found to be significant. 

3.10.6. 75-90 cm Soil Depth 

Tillage, residues and N levels had significant influence on labile carbon content in soils. 
Further, the interaction effects of tillage, residues and N levels were also found to be 
significant. 

Table 16: Effect of tillage, residues, and N levels on labile C content in soil (0-90 cm depth) 

Tillage Residues N levels 0-15 15-30 30-45 45-60 60-75 75-90

CT

Sorghum 
stover 

N0 242.11 234.02 215.57 203.37 190.27 155.20

N30 252.31 237.05 217.77 209.47 193.10 181.40

N60 260.56 250.74 221.95 213.53 197.50 187.85

N90 267.93 253.47 228.57 218.13 199.47 189.13

Gliricidia 
loppings

N0 247.09 242.37 232.58 215.87 202.04 165.40

N30 254.93 249.90 233.50 222.02 204.33 182.30

N60 265.60 255.00 240.53 233.53 207.53 188.77

N90 274.72 265.50 253.77 236.87 208.53 193.40

No residue 

N0 190.90 224.38 204.43 189.77 163.90 156.49

N30 230.80 221.20 210.20 201.46 173.43 165.87

N60 232.13 226.65 219.15 210.20 185.07 167.63

N90 240.01 228.96 223.17 212.53 192.48 173.07
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Tillage Residues N levels 0-15 15-30 30-45 45-60 60-75 75-90

MT

Sorghum 
stover 

N0 247.13 243.73 218.70 220.20 211.13 165.73

N30 257.79 252.17 227.11 223.53 211.83 173.73

N60 271.02 263.13 227.68 226.50 218.13 188.73

N90 272.31 271.00 229.87 225.03 217.50 188.26

Gliricidia 
loppings

N0 251.53 247.23 237.45 231.80 222.87 185.41

N30 255.20 249.27 244.15 232.32 224.66 192.37

N60 267.53 257.13 251.25 234.77 228.50 193.10

N90 276.64 271.77 256.10 245.66 232.90 198.73

No residue 

N0 227.40 227.33 218.07 210.03 194.12 173.40

N30 232.97 228.53 223.27 212.70 194.63 178.43

N60 241.43 235.40 228.23 218.50 198.26 182.40

N90 252.53 236.82 234.50 218.33 204.77 183.40

Tillage (T) ** ** ** ** ** **

Residue (R) ** ** ** ** ** **

Nitrogen (N) ** ** ** ** ** **

T X R ** ** ** ** NS **

T X N ** NS NS ** ** **

R X N ** ** NS ** ** **

T X R X N ** NS NS ** ** **

3.11. Effect of Tillage, Crop Residue and N Applications on P Fractions (Chemical 
Pools)
Phosphorus is a constituent of key molecules such as nucleic acids, phospholipids, and ATP, 
and, it is one of the essential nutrients for plant growth. Although the total amount of P in the 
soil may be high, it is often present in unavailable forms or in forms that are only available 
outside of the rhizosphere. Soil P dynamics within the profile is affected by crop rotation, 
stubble management, and tillage practices, in part reflecting changes in the organic P (Po) 
pools. Soils with a high proportion of P in labile pools indicate greater potential availability 
to plants, but also greater potential export by leaching or runoff. 

The abundances of the principal P compounds, expressed as percentages of total P in the 
soil, are typically in the ranges: orthophosphates 60 – 80%; pyrophosphate 0.5 – 4%; 
P-monoesters 16 – 38%; and P-diesters 1.2 – 4% (Rheinheimer, 2002). Both inorganic P 
(Pi) and organic P (Po) species interact extensively with soil components and are subject to 
various chemical transformations that affect the retention of the element. Kothandaraman 
and Krishnamoorthy (1979) reported a close relationship of Total P with other forms of P 
indicating the existence of equilibrium between total P and the different forms of P in the soil.

Phosphorus fractions in soil occurs as solid bound phosphorus, Al-bound phosphorus; Fe 
bound phosphorus, reductant soluble phosphorus, Ca-P and organic P. Since, these forms of 
phosphorus have different solubility; the availability and uptake depend upon their amount 
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in the soil. The forms of phosphorus are influenced by soil characteristics such as texture, soil 
reaction, calcium carbonate, organic matter content and other management factors. 

Alfisols and related soils occupy the largest land area not only in semi-arid tropics but also 
worldwide. These soils occurring in Indian arid, semi arid and sub-humid eco-regions are 
extensively deficient in phosphorus (P) and it is one of the most important factors limiting crop 
productivity. The magnitude of (P) response is generally in the order red soils >alluvial soils. 
The increasing cropping intensity particularly in dry land agriculture will further increase 
crop demands for P due to its depletion. 

Conservation tillage systems reduce soil disturbance and mixing, and leave crop residues 
at the surface of the soil to reduce erosion and conserve water. Because of this change in 
the disposition of crop residues, the adoption of zero tillage (ZT) may affect the cycling, 
distribution and dynamics of nutrient transformations in the soil. Research on conservation 
tillage (zero- and minimum tillage) in farming systems has illustrated the greater opportunity 
to increase soil organic carbon (SOC), microbial biomass carbon, total nitrogen (N), and 
extractable phosphorus (P) due to accumulation of crop residues at the soil surface compared 
with conventional tillage ( Heenan et al., 2004). The short term availability of P to crops 
is strongly influenced by biochemical processes that affect organic matter, while its long-
term status is generally determined by geochemical transformations. Long-term manure 
application increases significantly the labile and moderately labile P, fractions in soil and 
microbial activity thus increasing the potential for mineralization of soil organic matter.

 Sorghum is the most important grain crop of non-irrigated areas of the semi-arid tropics in 
India. High P fixation in red soils has been reported to limit availability of applied P to crops. 
Response of Sorghum to P application in Alfisols is widely reported. Information on long term 
use of residues and fertilizers on P fractions in soil and its relation to plant uptake in Sorghum 
is very limited. Keeping in view the above, influence of long term use of tillage, crop residue 
and N application was studied with the following objectives: viz., 1) To study the effect of 
soil and nutrient management practices on inorganic P pools 2) To study the effect of soil 
and nutrient management practices on soil available phosphorus and total phosphorus 3) To 
study the relationship between P fractions and available phosphorus and total Phosphorus 4) 
To study the relationship between total P uptake, yield, available P and P fractions. 

3.11.1. Influence of Tillage, Residues and N Levels on P Fractions

After the 17th year of experimentation, soil samples were collected from 0-20 cm depth and 
analyzed to study the effect of tillage, residue and N levels on different P fractions like water 
soluble P, Al-P, Fe-P, Ca-P, reductant soluble P, available P and total P. The samples were air 
dried and passed through 0.5 mm sieve. For inorganic phosphorus fractionation, a standard 
procedure given by Chang and Jackson (1957) with some minor modifications was followed. 
Available P was determined by Olsen’s method. The data on P fractions, crop yield and P 
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uptake was analyzed by ANOVA. Correlation and regression equations were also developed 
to assess the relationship between response variables. The data was tested at the level of 
significance of 95% (p=0.05) and 99% (p=0.01). The statistics calculations were performed 
by IBM SPSS Statistics 19. The results of the study on the effect of tillage, residues and N 
levels on P fractions are presented hereunder.

3.11.2. Water Soluble Phosphorus

The water soluble phosphorus in these soils varied from 11.9 to 23.9 kg ha-1. Application of 
residues and N levels showed a significant effect on the water soluble phosphorus content 
in soils, whereas no significant difference was observed in case of the tillage treatments. 
There was no significant influence of tillage on water soluble phosphorus in these soils. 
When averaged over the residues, significantly higher water soluble phosphorus in soil was 
observed with the application of Gliricidia loppings (17.48 kg ha-1) (Table 17) followed by no 
residue application (16.74 kg ha-1). Between the two N levels, when averaged across all the 
treatments, application of N at 90 kg ha-1 (N90) recorded significantly higher water soluble 
phosphorus (17.70 kg ha-1) over N0 treatment (15.33 kg ha-1). The interaction effects between 
tillage, residues and N levels were also found to be significant. Among all the treatments, 
significantly highest water soluble phosphorus (23.9 kg ha-1) was observed with CTGLN90 
treatment.

Table 17: Influence of tillage, residues and N levels on P fractions (kg ha-1) 

Tillage  Residues    N levels    WSP Al-P     Fe-P    Ca-P    RSP Avail. P   Total P

CT

Sorghum 
stover

N0 11.9 60.4 93.1 25.1 72.1 28.8 262.6

N90 13.8 68.6 101.4 30.4 80.4 32.1 294.7

Gliricidia 
loopings

N0 13.0 74.8 97.9 26.2 84.6 30.6 296.5

N90 23.9 84.4 119.5 33.9 92.2 37.5 353.9

No residue N0 15.1 54.0 90.6 23.9 62.6 28.6 246.2

N90 16.6 64.1 104.9 24.7 73.8 30.3 284.1

MT

Sorghum 
stover

N0 18.3 65.2 103.5 27.7 80.0 33.3 294.7

N90 17.3 72.6 119.7 34.8 120.3 35.7 364.6

Gliricidia 
loopings

N0 15.1 85.8 109.7 32.4 68.2 33.6 311.2

N90 17.9 91.3 126.8 39.7 113.3 38.0 389.0

No residue N0 18.7 61.5 95.3 26.3 89.0 32.5 287.8

N90 16.7 67.9 108.6 30.4 83.9 32.7 307.5

Tillage NS 3.33 2.31 1.47 2.13 2.31 4.67

Residue 1.59 1.98 2.32 3.23 2.09 2.32 5.15

Nitrogen 1.47 0.75 2.37 2.24 2.10 2.37 4.65

TXR 3.23 NS 3.40 NS 3.10 NS 7.30

TXN 2.08 1.06 NS NS 2.98 NS 6.58

RXN 3.15 NS 4.97 NS 4.43 NS 10.02

TXRXN NS NS NS NS 13.76 NS 31.04
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3.11.3. Aluminium bound Phosphorus (Al-P)

In the present study, the Al bound phosphorus was significantly influenced by tillage, residue 
and N levels and it varied from 54.0 to 91.3 kg ha-1 across all the treatments (Table 18). 
Significantly higher water soluble phosphorus was observed in minimum tillage (74.05 kg 
ha-1) plots than in conventionally tilled plots (67.72 kg ha-1). Among the residue treatments, 
application of Gliricidia loppings (84.1 kg ha-1) significantly influenced the Aluminium bound 
phosphorus in the soils followed by sorghum stover (66.7 kg ha-1). Among the two nitrogen 
levels, application of N @ 90 kg ha-1 recorded significantly higher Al-P (74.82 kg ha-1) in soils 
over no nitrogen application (66.95 kg ha-1). Among the interaction effects, the interaction 
between tillage and N levels (TxN) was found to be significant. Significantly higher Al bound 
P (91.3 kg ha-1) was observed under minimum tillage with application of Gliricidia loppings 
and Nitrogen @ 90 kg ha-1. 

3.11.4. Fe bound Phosphorus (Fe-P) 

The Fe-P in these soils varied from 90.6 kg ha-1 to 126.8 kg ha-1 across the management 
treatments (Table 18). All the tillage, residue and N level treatments showed a significant 
effect on Fe bound phosphorus. Minimum tillage recorded significantly higher Fe bound 
phosphorus (110.6 kg ha-1) than conventional tillage (101.24 kg ha-1) when averaged over 
all the treatments. Among all the residues, application of Gliricidia loppings recorded 
significantly higher Fe-P (113.46 kg ha-1) followed by sorghum stover application (104.42 kg 
ha-1) and control (99.87 kg ha-1). Application of N @ 90 kg ha-1 significantly influenced Fe-P 
(113.47 kg ha-1) in soils than no nitrogen application (98.35 kg ha-1). The interaction effects 
among tillage and residue (TxR) and residues and N levels (NxR) were found to be significant. 
Application of Gliricidia loppings and Nitrogen @ 90 kg ha-1 recorded significantly higher Fe 
bound phosphorus (126.8 kg ha-1). 

3.11.5. Calcium bound Phosphorus

From the perusal of the data, it was observed that, the Calcium bound phosphorus in these 
soils varied from 23.9 to 39.7 kg ha-1 across all the treatments (Table 18). When averaged 
over tillage treatments, significantly higher Ca-P was observed under minimum tilled plots 
(31.87 kg ha-1) than conventionally tilled plots (27.37 kg ha-1). Residue application had a 
significant positive effect on the Calcium bound phosphorus in soils. Among the residues, 
application of Gliricidia loppings recorded significantly higher Calcium bound phosphorus 
(33.0 kg ha-1) followed by sorghum stover application (29.5 kg ha-1) and no residue 
application (26.32 kg ha-1) treatment. Application of N significantly influenced the Ca-P in 
soils. Nitrogen application @ 90 kg ha-1 recorded significantly higher Ca-P (32.3 kg ha-1) 
followed by no nitrogen application (26.93 kg ha-1). Significantly higher Ca-P (39.7 kg ha-1) 
was recorded with the application of Gliricidia loppings and Nitrogen @ 90 kg ha-1 across all 
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the treatments, while the interaction effects among tillage, residues and N levels were found 
to be non significant. 

3.11.6. Reductant Soluble Phosphorus

In the present study, reductant soluble phosphorus in the soils varied from 62.6 kg ha-1 
to 120.3 kg ha-1 across all the treatments (Table 18). When averaged over all the tillage 
treatments, significantly higher reductant soluble P was observed with minimum tillage (91.9 
kg ha-1) over conventional tillage (77.6 kg ha-1). Among all the residue treatments, application 
of Gliricidia recorded significantly higher reductant soluble P (89.5 kg ha-1) which was on 
par with sorghum stover application (88.2 kg ha-1) followed by no residue application (76.59 
kg ha-1). Nitrogen application @ 90 kg ha-1 recorded significantly higher reductant soluble 
P (93.9 kg ha-1) than no nitrogen application (75.5 kg ha-1). Significantly highest reductant 
soluble P was observed with application of Sorghum stover and Nitrogen application @ 90 
kg ha-1(120.3 kg ha-1) followed by application of Gliricidia loppings and Nitrogen application 
@ 90 kg ha-1(113.3 kg ha-1). The interaction effects among all the treatments were found to 
be significant. 

3.11.7. Available and Total Phosphorus

In the present study, the available phosphorus varied from 28.6 to 38.0 kg ha-1 (Table 18, 
Fig. 9). Minimum tillage recorded significantly higher soluble available phosphorus (34.31 
kg ha-1) followed by conventional tillage (31.31 kg ha-1). Among the residues, application of 
Gliricidia loppings (34.9 kg ha-1) recorded significantly higher available phosphorus followed 
by sorghum stover application (32.46 kg ha-1) compared to no residue application (31.01 kg 
ha-1). Application @ 90 kg ha-1 significantly influenced the available phosphorus in soils over 
no nitrogen application. Of all the treatment combinations, significantly highest available 
phosphorus content (38.0 kg ha-1) in the soils was observed with the application of Gliricidia 
loppings and Nitrogen @ 90 kg ha-1. 

The total phosphorus in the soils varied from 254.8 to 389 kg ha-1 across all the treatments. 
When averaged over tillage treatments, significantly higher total phosphorus was recorded 
with minimum tillage (325.79 kg ha-1) than conventional tillage (289.27 kg ha-1) (Table 18). 
Application of Gliricidia loppings recorded significantly higher total phosphorus in soils 
(334.9 kg ha-1) followed by sorghum stover application (304.13 kg ha-1) and no residue 
(283.56 kg ha-1). Moreover, application of Nitrogen also had a significant positive influence 
on the total phosphorus content in the soils. Significantly higher total phosphorus content 
(332.29 kg ha-1) was observed with the application of nitrogen @ 90 kg ha-1 than no nitrogen 
application (282.78 kg ha-1). Of all the treatment combinations, significantly highest total 
phosphorus content (389.0 kg ha-1) in the soils was observed with the application of Gliricidia 
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loppings and Nitrogen @ 90 kg ha-1 followed by application of sorghum stover + Nitrogen 
@ 90 kg ha-1 under minimum tillage.

 
Fig. 9: Influence of tillage, residues and N levels on total and available phosphorus in soils

3.11.8. Correlation between Phosphorus Fractions, Available and Total Phosphorus

In order to establish the relationships between P fractions, total and available P, Pearson 
correlation coefficients and  multiple regression analysis were done using SPSS software. 
The results of correlation study showed a significant positive correlation between WSP and 
Available P; Al-P with Fe-P, Ca-P, available P and total P (Table 18). Similarly, Fe-P showed 
a significant positive correlation with all the other P fractions, viz Ca-P., RSP, Al-P, WSP 
and available and total P. The results of the correlation study also indicated that RSP had a 
positive correlation between Fe-P, Ca-P, total P and Available P.

A significant correlation between available P and all the P fractions was observed, indicating 
that most the fractions contributed towards available P. The inter correlations between total 
P was found significant with all the P fractions except WSP and available phosphorus. 

Table 18: Simple correlation coefficients (R) between phosphorus fractions, available  
phosphorus and total phosphorus

P forms WSP Al-P Fe-P Ca-P RSP Ava P Total P

WSP  1

Al-P 0.362 1

Fe-P *0.579 **0.823  1

Ca-P 0.439 **0.850 **0.928  1

Res-P 0.407 0.517 **0.769 **0.762  1

Ava P **0.725 **0.809 **0.923 **0.920 **0.769  1

Total P 0.550 **0.834 **0.963 **0.945 **0.879 **0.948   1

R** and R* significant at P = 0.01 and P = 0.05 respectively

WSP- Water soluble phosphorus, Al-P= Aluminium bound P, Fe-P = Fe bound P, Ca-P = Calcium bound P, RSP 
= Reductant soluble P, Ava P = Available Phosphorus
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3.11.9. Regression Equations between Total Phosphorus, Available Phosphorus and 
Phosphorus Fractions

A simple linear regression relationship was developed between total Phosphorus and 
individual P fractions, and a multiple regression equations were fitted between total 
Phosphorus and P fractions as well as available P. From the perusal of the data from Table 
19, it was observed that, there exists a significant positive correlation between Total P and P 
fractions viz., WSP, Al-P, Ca-P, Fe-P, RSP and available P. When P fractions were regressed 
with total P, it was observed that all the fractions except Fe-P positively contributed towards 
total P. 

Table 19: Regression equations between total phosphorus, available phosphorus and 
phosphorus fractions

Dependent variable        Linear regression equation   R2

Y total P = 187.6 + 7.269 (WSP) *0.302

Y total P = 90.07 + 3.07 (Al-P) *0.695

Y total P = -65.92 + 3.52 (Fe-P) *0.927

Y total P = 66.46 + 8.14 (Ca-P) **0.893

Y total P = 125.67 + 2.14 (RSP) **0.772

Y total P -113.478 +12.83(Ava P) **0.898

Y total P = 12.99 + 0.406 (WSP)+ 0.409 (Al-P) -0.040 (Fe-P) + 0.353 (Ca-P) + 0.032 
(RSP)

**0.988

**significant at P=0.05 ; * P= 0.01

WSP- Water soluble phosphorus, Al-P= Aluminium bound P, Fe-P = Fe bound P, Ca-P = Calcium bound P, RSP 
= Reductant soluble P, Ava P= Available Phosphorus

3.11.10. Relationship between Sorghum Grain Yields, Phosphorus Fractions and P Uptake 

In order to establish the relationship between sorghum Crop yields, phosphorus fractions 
and P uptake, the crop yield data for the year 2011 was considered. During the year 2011, 
Sorghum was the test crop under rotation and the data obtained on the yields of Sorghum 
(SPV 462) as influenced by tillage, residues and N levels are presented in Table 20 & Fig10. 

The sorghum grain yields across the treatments varied from 507 to 1431 kg ha-1. Significantly 
higher grain yield of sorghum was recorded with conventional tillage followed by minimum 
tillage. Minimum tillage recorded an average higher grain yield of 910 kg ha-1 than under 
conventional tillage (881 kg ha-1). Among the residues, when averaged over tillage treatments, 
Gliricidia application recorded significantly higher sorghum yield of 985.4 kg ha-1 followed 
by sorghum stover application (859.3 kg ha-1) and no residue application (842.1 kg ha-1). 
Application of N @ 90 kg ha-1 recorded significantly higher grain yield (1221.8 kg ha-1) over 
no nitrogen application (569.4 kg ha-1). Significantly higher grain yield (1431 kg ha-1) of 
sorghum was observed with the application of Gliricidia loppings and N @ 90 kg ha-1 under 
conventional tillage followed by application of Gliricidia loppings and N @ 90 kg ha-1 under 
minimum tillage (1312 kg ha-1). 
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Table 20: Effect of tillage, residues and N levels on P uptake (kg ha-1) of sorghum grain, 
husk and stover 

Tillage Residues N 
levels

Sorghum 
grain yield

Grain P 
uptake

Stover P 
uptake

Husk P 
uptake

Total P 
uptake

CT

Sorghum stover
N0 521.7 1.62 2.71 0.17 4.5

N90 1205.6 4.01 6.74 0.43 11.2

Gliricidia 
loppings

N0 615.1 2.03 3.45 0.24 5.7

N90 1431.7 5.01 8.60 0.60 14.2

No residue
N0 507.7 1.42 2044 0.13 3.9

N90 1004.7 2.92 5.24 0.28 8.4

MT

Sorghum stover
N0 512.0 1.64 3.28 0.17 5.0

N90 1198.0 3.62 7.23 0.38 11.2

Gliricidia 
loppings

N0 582.9 2.04 3.73 0.24 6.0

N90 1312.0 3.70 7.61 0.45 11.7

No residue
N0 677.1 1.96 4.007 0.21 6.2

N90 1178.9 3.56 7.42 0.42 11.4

Tillage (T) 26.20 NS NS NS

Residue (R) 25.90 0.23 0.62 0.045

Nitrogen(N) 27.23 0.21 0.45 0.028

T X R 36.63 0.32 1.47 0.05

T X N 38.52 0.29 0.64 0.04

R X N 54.33 0.45 1.04 0.06

T X R X N 40.38 1.51 4.29 0.20

Fig. 10: Sorghum grain yields as influenced by tillage, residues and N levels
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3.11.11. Phosphorus Uptake in Sorghum Crop

The data on uptake of phosphorus by sorghum grain, husk and stover is presented in Table 
20. The P uptake by sorghum grain increased significantly due to residues and N levels and 
their interactions. Tillage did not influence the P uptake by grain, husk or stover. Application 
of Gliricidia loppings recorded significantly higher P uptake by grain (3.20 kg ha-1) followed 
by Sorghum stover (2.47 kg ha-1). Among the N levels, N applied @ 90 kg ha-1 observed 
significantly higher P uptake 3.84 kg ha-1 compared to no nitrogen application (1.79 kg ha-1). 
The total P uptake by sorghum crop was higher with application of Gliricidia loppings + N 
@ 90 kg ha-1(14.21 kg ha-1) under conventional tillage (CT) followed by the application of 
Gliricidia loppings + N applied at 90 kg ha-1) under minimum tillage (Table 20). 

3.11.12. Simple and Multiple Quantitative Predictive Relationships 

Simple quantitative relationships were also worked out between sorghum grain yield vs 
available P (Table 21). The linear regression coefficient (R2) of this functional relationship 
was 0.482. Multiple quantitative predictive relationships between sorghum grain yield Vs P 
fractions and Total P uptake Vs P fractions were also worked out. The coefficients of multiple 
determination (R2) were 0.726 and 0.666 respectively. A multiple regression relationship 
between total P uptake and P fractions revealed that WSP, Fe-P, Ca-P (R2= 0.66) played 
important role in total plant P uptake while yield of sorghum was significantly correlated with 
all the P fractions viz. WSP, Al-P, Fe-P, Ca-P, RSP. (Table 21). The part of the results presented 
in this section have been published earlier in a Research Journal (Sharma et al., 2020).

Table 21: Multiple regression equations between total P uptake, sorghum yield and P 
fractions

Dependent variable Linear regression equation    R2

Y total P uptake Vs P fractions -15.84 + 0.196 (WSP) -0.090 (Al-P) +0.186 (Fe-P) + 0.246 (Ca-P) + 
RSP (0.00)

 *0.666

Y Sorghum yield Vs P fractions 2278.09 + 132.47 (WSP) + 5.43 (Al-P) + 12.55 (Fe-P) + 123.44 (Ca-P) 
+ 10.12 (RSP) – 298.65 (Ava.P )

 *0.726

Y Sorghum Vs Available P  -1738.33 + 80.26 (Ava P) **0.48

**significant at P=0.05; *P= 0.01, WSP- Water soluble phosphorus, Al-P= Aluminium bound P, Fe-P = Fe bound 
P, Ca-P = Calcium bound P, RSP = Reductant soluble P, Ava.P = Available Phosphorus

3.12. Effect on Soil Zn Pools and its Availability
The intensive agricultural practices have resulted in the wide spread deficiency of 
micronutrients in most of the soils of India.. Among them, zinc is one of the most important 
micronutrient required by crop plants. It is an essential element which is required only 
in limited amounts by plants, animals and humans for physiological and reproductive 
functions but it influences the quality and yield of crops (Madyiwa et al., 2002; Alloway, 
2003; Chidanandappa et al., 2008). Certainly Zn, because of its concentration, can be 
considered as a trace element in soil. 
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Use of high yielding varieties by the farmers and continuous application of micronutrient free 
high analysis fertilizers without any organics is the main cause for deficiency of zinc in soil. 
Such practices also decreased organic carbon status in soil, which is required for maintenance 
of soil health. The evaluation of micronutrient status in Indian soils has been carried out by 
different centres of ICAR projects and other organizations. Among the micronutrients, zinc 
deficiency in soils is wide spread and is further expected to increase from 49 to 63 per cent 
of the Indian soils by the year 2025. So efficient management of micronutrients, that too 
zinc is vital to sustain the productivity of different crops and to ensure balanced supply of 
nutrients. The zinc availability to plants is reported to be associated with the distribution of 
this nutrient among soil fractions. Therefore, understanding of the distribution of Zn among 
various fractions of soils will help to characterise chemistry of Zn in soils and possibly its 
availability for plant uptake. However, distribution of Zn among various chemical forms 
may vary significantly in response to changing soil properties (Adhikari and Rattan 2007). 
Sequential fractionation quantifies the element distribution between fractions of different 
binding strengths, as defined by properties of selected extractants. Viets (1962) suggested 
the concept of various pools of micronutrients existing in the soil and defined five pools 
i) water soluble ii) exchangeable iii) adsorbed, chelated or complexed iv) secondary clay 
minerals and insoluble oxides and v) primary minerals. The first three forms of soil zinc exist 
in reversible equilibrium with one another. These are subjected to removal by different kinds 
of extractants and are regarded to be readily available to plants. The fourth and fifth fractions 
of zinc pool do not occur in reversible equilibrium with each other as well as first three 
forms. Moreover, these cannot easily be separated by chemical methods. Usually, the sum 
of above five forms constituted the total content of the zinc in soil. In most cases, the total 
Zn content in soil is high and the main reason for Zn deficiency among plant species is low 
bioavailability of this metal nutrient (Cakmak 2008). Even if total Zn seems to be not critical, 
several soils show a diethylene triamine pentaacetic acid (DTPA)-extractable concentration 
below the critical threshold of 1.0 mg kg−1.  

3.12.1 Zinc Fractionation Methodology 

After 17th year of experimentation, soil samples were collected from 0-20 cm depth and 
analyzed to study the effect of tillage, residue and N levels on different Zn fractions. The 
samples were air dried under shade and ground to pass through a 2 mm sieve. Soil samples 
were subjected to chemical fractionation of Zinc. 

The effect of tillage, residues and N levels on chemical Zn fractions was evaluated by 
analysis of variance (ANOVA) design. Regression equations were also developed to assess 
the relationship between response variables. The data was tested at the level of significance 
of 95% (p=0.05) and 99% (p=0.01). The statistics calculations were performed by IBM SPSS 
Statistics 19.
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Soil samples were subjected to chemical fractionation of Zinc according to the method 
proposed by Mc Laren (1973) which was modified for Zinc by Elsokkary (1979). The outlines 
of the procedures for the extraction of different forms of soil zinc are given here.

3.12.2. Water Soluble + Exchangeable Zinc (Zn-CA) 

20g of soil was extracted with 200 ml of 0.05M CaCl2 solution by shaking for 24 hrs in a 
250 ml centrifuge bottle using a horizontal shaker. Zinc was determined in the supernatant 
solution after centrifuging. 

3.12.3. Zinc Specifically Sorbed by Inorganic Sites (Zn- ACC)

5g soil was suspended carefully with gradual additions of 200 ml 25% (v/v) acetic acid 
solution. The suspension was allowed to stand for 24 hrs with intermittent shakings. Zinc was 
measured in the supernatant solution after centrifuging.

3.12.4. Zinc Specifically Sorbed by Organic Sites (Zn-PYR) 

The soil residue from the above extraction was shaken with 200 ml 0.1 M potassium 
pyrophosphate solution in 250 ml centrifuging bottle for 24 hrs. Zinc was measured in the 
supernatant solution after centrifuging.

3.12.5. Zinc Occluded by Free Oxides (Zn-OX) 

The soil residue from the potassium pyrophosphate extraction was firstly shaken with 50 ml 
deionised water, centrifuged and the supernatant solution was added to the Zn-PYR extract. 
The soil residue was then transferred to 250 ml wide neck conical flask with 100 ml acid 
ammonium oxalate reagent (0.1 M oxalic acid, 0.175 M ammonium oxalate –pH 3.25). The 
flask containing the soil oxalate suspension was gently warmed on a hot plate (55-600C) and 
was exposed to ultra violet radiation for 2.5 hrs with periodic shaking. The liquid level in 
the flask was maintained constant during extraction with deionised water. The soil was then 
centrifuged, the supernatant was decanted and the sample was rinsed with 50 ml oxalate 
reagent which was combined with the supernatant. Zinc content of the resultant solutions 
was determined.

3.12.6. Residual Zinc (Zn-Res) 

The soil residue from the oxalate extraction was evaporated to dryness and then digested 
with a concentrated HNO3-HClO4 mixture. Zinc was determined in this extract. Suitable 
volumes of each extracts were evaporated to dryness, then treated with 2 ml concentrated 
HNO3 and 1 ml concentrated HClO4 to destroy organic material. The residue was then 
dissolved in concentrated HCl, evaporated to dryness and then the residue was dissolved 
in dilute HNO3 solution. Zinc was measured in the filtrate by Atomic Absorption 
Spectrophotometer. 
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3.12.7. Total and Available Zinc 

The total zinc in soil was determined by using the method suggested by Pratt (1965). For 
this purpose, the soil was digested with HF, HClO4 and HNO3 and finally the residue was 
dissolved in 6N HCl. The available zinc in the soil samples was extracted by using DTPA 
method (Lindsay and Norvell, 1978). The total and available zinc in the soil extracts was 
determined using Atomic absorption spectrophotometer. 

3.12.8. Zn-CA 

Conventional tillage (1.09 ppm) showed significant positive effect on Zn-CA compared to 
minimum tillage (0.86 ppm). Application of residues did not show significant effect on Zn-
CA. On the other hand, application of nitrogen upto 90 kg ha-1 showed higher  concentration 
of Zn-CA (1.08 ppm) in soils compared to N0 (0.875 ppm). 

3.12.9. Zn-ACC

The Zn-ACC in these soils varied from 1.29 to 4.13 ppm across all the treatments. Minimum 
tillage recorded significantly higher Zn-ACC (3.48 ppm) compared to conventional tillage 
(2.04 ppm). Application of residues significantly influenced the Zn-ACC. Application of 
Gliricidia loppings increased the concentration of Zn-ACC (3.28 ppm) followed by sorghum 
stover (2.92) compared to control. Application of N @ 90 kg ha-1 significantly influenced the 
Zn-ACC concentration (3.02 ppm) over control (2.51 ppm). The interaction effects of tillage 
with residues and N levels were found to be significant.

3.12.10. Zn-PYR

The Zn-PYR in these soils varied from 5.75 to 8.86 ppm across all the treatments. Minimum 
tillage did not show any significant effect on Zn-PYR concentration while application of 
residues and nitrogen significantly influenced the Zn-PYR fraction in these soils. Application 
of Gliricidia loppings significantly increased the concentration of Zn-PYR (8.34 ppm) in 
soils compared to sorghum stover application (6.92). Application of N @ 90 kg ha-1 also 
recorded significantly higher concentration of Zn-PYR (8.01 ppm) compared to no nitrogen 
application (7.54 ppm). The interaction effects of tillage x residues x N levels were also found 
to be significant.

3.12.11. Zn-OX 

The Zn-Ox varied from 4.35 to 6.19 ppm across all the treatments. Application of residues 
and nitrogen had a significant effect on the concentration of Zn-OX in these soils, whereas 
tillage did not show any significant effect. Application of Gliricidia loppings significantly 
influenced the Zn-OX concentration (5.42 ppm) in soils compared to sorghum stover (4.60 
ppm). The interaction effects of tillage, residues and N levels were found to be significant. 
The results of the study were presented hereunder in Table 22 & 23 and Figs. 11 to 13.
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Table 22: Effect of tillage, residue and N levels on Zn fractions (ppm) 

Tillage Residues N levels Zn- Ca Zn-ACC Zn-PYR Zn-Ox

CT

Sorghum 
stover

N0
N90

1.04
1.18

1.29
2.56

5.75
6.96

4.35
4.44

Gliricidia 
loppings

N0
N90

0.85
1.15

2.61
2.90

7.61
8.86

5.53
6.19

No residue
N0

N90
1.09
1.26

1.39
1.55

8.36
8.12

3.76
3.80

MT

Sorghum 
stover

N0
N90

0.70
0.94

3.88
4.08

7.64
7.33

4.66
4.96

Gliricidia 
loppings

N0
N90

0.71
0.98

3.49
4.13

8.36
8.56

4.65
5.31

No residue N0
N90

0.85
0.99

2.54
2.94

7.55
8.26

3.98
4.71

Tillage (T) 0.19 0.27 NS NS

Residue (R) NS 0.20 0.32 0.36

Nitrogen (N) 0.08 0.10 0.35 0.13

T X R NS 0.28 1.45 0.51

T X N NS NS NS 0.19

R X N NS 0.18 NS 0.23

T X R X N NS 1.01 0.67 NS

3.12.12. Zn-Res 

The Zn-Res in soils was significantly influenced by the application of N alone. However, the 
residual Zn in these soils varied from 41.90 to 58.73 ppm across the treatments. Minimum 
tillage and residue application did not significantly influence the residual Zn concentration 
in soils. Application of residues also could not alter the residual Zn concentration in soils. 
Application of N @ 90 kg ha-1 recorded significantly higher concentrations of residual Zn 
(53.0 ppm) compared to control (48.91).

Fig. 11: Effect of conservation tillage practices on Zn 
fractions and available Zn

Fig. 12: Effect of application of residues, (average over 
minimum tillage and nitrogen) on Zn fractions and 

available Zn
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Fig. 13: Effect of application of N (averaged over tillage and crop residues) on Zn fractions and available Zn

3.12.13. Zn-DTPA 

The Zn-DTPA in these soils varied from 1.07 to 2.30 ppm across the treatments. Tillage, 
residue and N application treatments significantly influenced the concentration of available 
Zn in soils. Minimum tillage recorded significantly higher Zn-DTPA (1.76 ppm) compared to 
conventional tillage (1.49 ppm). Application of sorghum stover significantly influenced the 
available Zn (1.84 ppm) in soils followed by application of Gliricidia loppings (1.66 ppm) 
compared to no residue application (1.36 ppm). Similarly nitrogen application at 90 kg ha-1 
also recorded significantly higher concentrations of available zinc (1.75 ppm) compared to 
no nitrogen application (1.49 ppm) (Table 23). 

3.12.14. Zn-TOT 

The total Zn concentration in these soils varied from 134.13 to 198.76 ppm across the 
management treatments. Minimum tillage could not significantly influence the total Zn 
concentration in soils. However, the application of residues and nitrogen had a significant 
effect on total Zinc concentration in soils. Application of Gliricidia loppings recorded 
significantly higher total Zn concentration (172.84 ppm) in soils compared to sorghum stover 
application (142.77 ppm). Similarly, application of N @ 90 kg ha-1 recorded higher total 
Zn (167.36 ppm) in treated soils compared to no nitrogen (141.99 ppm) application. The 
interaction effects of tillage, residues and N levels were also found to be significant with 
respect to total Zn concentration in soils. 
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Table 23: Effect of tillage, residue and N levels on residual Zn, available Zn and total Zn 
(ppm) and Zn uptake (kg ha-1) 

Tillage Residues N levels Zn-Res Zn-DTPA Zn-TOT Zn uptake

CT

Sorghum 
stover

N0
N90

44.58
50.72

1.64
1.78

134.13
155.91

0.05
0.14

Gliricidia 
loppings

N0
N90

46.33
51.02

1.53
1.69

149.59
190.04

0.07
0.20

No residue
N0

N90
41.90
44.90

1.07
1.24

127.05
138.27

0.04
0.11

MT

Sorghum 
stover

N0
N90

52.25
57.60

1.65
2.30

138.21
142.83

0.05
0.14

Gliricidia 
loppings

N0
N90

55.97
58.73

1.69
1.77

152.93
198.76

0.07
0.18

No residue
N0

N90
52.45
55.09

1.40
1.76

150.05
178.34

0.06
0.14

Tillage (T) NS 0.16 NS 0.005

Residue (R) NS 0.08 5.41 0.003

Nitrogen (N) 1.98 0.05 4.08 0.005

T X R NS 0.12 20.55 0.005

T X N NS 0.08 NS NS

R X N NS 0.13 9.26 0.009

T X R X N NS 1.54 20.20 NS

The effect of conventional tillage, residue application and nitrogen levels on per cent 
contribution of Zinc fractions to total zinc in soil are depicted in the Fig. 14. 

 
Fig. 14: Effect of tillage, residue application and nitrogen levels on per cent contribution of zinc fractions to total 

zinc in soil

3.12.15. Plant Zinc Uptake 

The Zn uptake by sorghum crop was significantly influenced by tillage, residue application 
and nitrogen levels. The zinc uptake by the crop varied from 0.05 to 0.20 kg ha-1 across 
the treatments. Minimum tillage recorded significantly higher zinc uptake (0.108 kg ha-1) 
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by sorghum crop compared to conventional tillage (0.101 kg ha-1) (Table 23). Among the 
residues, application of Gliricidia loppings significantly influenced Zn uptake (0.13 kg ha-1) 
followed by sorghum stover application (0.09 kg ha-1) which was on par with no residue 
application (0.08 kg ha-1). Application of N @ 90 kg ha-1 significantly recorded higher Zn 
uptake (0.15 kg ha-1) compared to no nitrogen application (0.06 kg ha-1).

3.13. Predictive Relationships 
Simple quantitative relationships were worked out between plant Zn uptake vs available 
Zn as well as Sorghum yield and available Zn (Table 24). The linear regression coefficients 
(R2) were 0.25 and 0.24 respectively. Multiple quantitative predictive relationships between 
DTPA available Zn Vs Zn fractions; Total Zn Vs Zn fractions and Zn uptake Vs Zn fractions 
were worked out. The regression coefficients (R2) were 0.89, 0.85 and 0.89 respectively. 

A multiple regression relationship between DTPA available Zn and Zn fractions revealed 
that Zn-ca, Zn-ACC, Zn-OX and Zn-Res (R2= 0.89) played important role in soil available Zn 
content. There was also a significant positive correlation between total Zn and Zn fractions 
viz., Zn-CA, Zn-PYR, Zn-OX and Zn-Res (R2= 0.85). Yield of sorghum and total Zn uptake 
was positively correlated with DTPA- available Zn (Table 24).The results presented in this 
section have been published in a Research Journal (Munnalal et al., 2020).

Table 24: Regression functions between total Zn uptake, sorghum grain yield and Zn 
fractions

Dependent variable Linear regression equation R2

Y Zn DTPA Vs Zn fractions 0.40 + (0.52 (Zn-Ca) + 0.15 (Zn-ACC) -0.20 (Zn-PYR)+ 0.11 (Zn-OX) + 
0.026 (Zn-Res)

0.89*

YZn Total Vs Zn fractions -201.8 + 23.1(Zn-Ca) -18.73(Zn-ACC) + 8.09(Zn-PYR) + 19.35 (Zn-OX) 
+ 4.55 (Zn-Res)

0.85**

Y total Zn uptake Vs Zn 
fractions 

-0.65 + 0.25 (Zn-Ca) + 0.007 (Zn-ACC) + 0.006 (Zn-PYR) + 0.029 (Zn-
OX) + 0.0059 (Zn-Res)

0.99*

Y total Zn uptake Vs Zn-DTPA -0.043 + 0.091 (Zn-DTPA) 0.25

Y Sorghum Vs Available Zn - 45.37 + 578.62 (Zn-DTPA) 0.24

**significant at P=0.05 ; * P= 0.01

3.14. Effect of Tillage, Residues and N Levels on Mineralisable Nitrogen at 50% 
Flowering and Near to Maturity Stage
3.14.1. At 50% Flowering Stage

The long term effect of tillage, residue and N levels was studied on N mineralisation 
(ammonical N and nitrate N) at 2 stages of the crop viz., at 50% flowering stage and near to 
maturity stage. The soil samples were air dried and passed through 2 mm sieve. The samples 
were extracted with 2 N KCl using 1:10 soil solution ratios. The mineral N was estimated 
using N distillation system (Pelican make).
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The ammonical N in the soil was significantly influenced by tillage alone and it varied from 
13.9 mg kg-1 to 35.3 mg kg-1 across the treatments (Table 25). Minimum tillage recorded 
significantly higher ammonical N (28.2 mg kg-1) compared to conventional tillage (21.5 
mg kg-1). Residue application significantly influenced the mineralisation of N. Application 
of Gliricidia loppings significantly recorded higher ammonical N (29.4 mg kg-1) followed 
by sorghum stover application (24.8 mg kg-1). Nitrogen applied @ 90 kg ha-1 recorder 
significantly higher (28.7 mg kg-1) ammonical N compared to no nitrogen application (20.9 
mg kg-1) (Fig. 15). Similarly, tillage, residues and N application showed significant influence 
on nitrate N. The interaction effects of tillage and residues (TxR) and residues and N levels 
(RxN) were also found to be significant. However, the extent of nitrate N mineralised from 
the soil varied from 26.0 to 58.1 mg kg-1.

Fig. 15: Effect of long term tillage, residues and N levels on mineralisable nitrogen (mg kg-1) at 50% flowering stage

Table 25: Effect of tillage, residues and N levels on mineralisable N (mg kg-1) at 50% 
flowering stage

Tillage Residues N levels
Ammonical Nitrogen 

(mg/kg)
Nitrate N
(mg/kg)

Total Mineralisable N 
(mg/kg)

CT

Sorghum 
stover

N0 18.2 37.7 55.9

N90 23.8 55.1 78.9

Gliricidia 
loppings

N0 21.9 30.2 52.1

N90 30.0 39.6 69.6

No residue
N0 13.9 26.0 39.8

N90 21.7 26.7 48.4

MT

Sorghum 
stover

N0 24.6 39.7 64.3

N90 32.9 58.1 91.0

Gliricidia 
loppings

N0 30.6 32.7 63.3

N90 35.3 57.9 93.2

No residue
N0 16.9 30.9 47.8

N90 28.9 49.5 78.5



180

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

Tillage Residues N levels
Ammonical Nitrogen 

(mg/kg)
Nitrate N
(mg/kg)

Total Mineralisable N 
(mg/kg)

Tillage (T) 0.33 0.39

Residue (R) 0.35 0.25

Nitrogen(N) 0.33 0.47

T X R 0.50 0.36

T X N 0.46 0.66

R X N 0.57 0.81

T X R X N 0.81 1.15

3.14.2. At Near to Maturity Stage

Ammonical N is significantly influenced by tillage, residue as well as N levels. Ammonical N 
varied from 18.8 to 44.3 mg kg-1 across the treatments (Table 26). Minimum tillage recorded 
significantly higher ammonical N (31.0 mg kg-1) over conventional tillage (27.6 mg kg-1). 
Application of Gliricidia significantly influenced ammonical N (39.5 mg kg-1) mineralised 
from the soil followed by sorghum stover application (25.4 mg kg-1) compared to no residue 
application (25.2 mg kg-1). Further, the interaction effects of tillage and residues (TxR) and 
residues and N levels (R X N) were also found to be significant. 

Nitrate N mineralised was significantly influenced by tillage, residue and N levels. The 
nitrate N mineralised varied from 51.0 to 110.0 mg kg-1 across the treatments. Minimum 
tillage showed significant influence on nitrate nitrogen (78.8 mg kg-1) over conventional 
tillage (57.8 mg kg-1). Significantly higher nitrate N was observed with application of sorghum 
stover (71.2 mg kg-1) compared to application of Gliricidia loppings (70.8 mg kg-1) and no 
residue treatment (62.9 mg kg-1). Application of N at 90 kg ha-1 influenced the nitrate nitrogen 
mineralised and it was significantly higher (83.1 mg kg-1) over no nitrogen application (53.5 
mg kg-1) (Fig. 16). The interaction effects of tillage and residues and residues and N levels 
were found to be significant. 

Table 26: Effect of long term tillage, residues and N levels on mineralisable nitrogen at near 
to maturity stage 

Tillage Residues N levels Ammonical Nitrogen 
(mg kg-1)

Nitrate N  
(mg kg-1)

Total mineralisable N  
(mg kg-1)

CT

Sorghum 
stover 

N0 20.3 46.9 67.2

N90 28.9 67.4 96.3

Gliricidia 
loppings

N0 32.2 53.5 63.7

N90 42.4 75.7 108.8

No residue 
N0 18.8 51.0 60.3

N90 23.3 72.2 95.5
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Tillage Residues N levels Ammonical Nitrogen 
(mg kg-1)

Nitrate N  
(mg kg-1)

Total mineralisable N  
(mg kg-1)

MT

Sorghum 
stover 

N0 18.8 60.6 79.4

N90 33.6 110.0 142.7

Gliricidia 
loppings

N0 39.2 62.0 80.9

N90 44.3 92.1 124.2

No residue 
N0 22.2 55.3 77.5

N90 28.4 93.0 121.4

Tillage (T) 0.28 0.83

Residue (R) 0.32 0.20

Nitrogen (N) 0.40 0.52

T X R 0.46 0.29

T X N 0.57 0.74

R X N 0.70 0.90

T X R X N 0.99 1.28

Fig. 16: Effect of tillage, residues and N levels on mineralisable nitrogen near to maturity stage

3.15. Influence of Tillage, Residue Application and N Levels on Soil CO2 Emissions
3.15.1. Measurement of Soil CO2 Flux 

The soil CO2 flux was measured using dynamic closed chamber connected to LICOR-8100.

3.15.2. Methodology of Measurement of Soil CO2 Flux

Soil collars are installed in the treated and control plots. The chamber is placed on the soil 
collar that extends above the soil surface which allows undisturbed measurement of soil 
CO2 flux rates. The soil temperature/ moisture probe is inserted in to 0-10 cm soil surface 
to measure soil temperature and soil moisture during CO2 flux measurement. A pressure / 
vacuum air flow system expands and contracts the bellows to raise and lower the chamber 
over a soil collar to make the flux measurement. The measurement is noted in three replicates. 
When an observation is complete, the chamber will automatically rise up off the soil collar. 
Each measurement took about 2-3 minutes depending upon the efflux rate. 
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After taking the observation, enter the file name, date and time of observation along with 
treatment label of the corresponding observation plot in the wireless Personal Digital 
Assistant (PDA). The output data such as CO2 flux, soil temperature and soil moisture is saved 
in summary records. The output data in the PDA is transferred into the PC with the help of 
LI-8100 software. 

The data recorded analysed to test the significant difference of the mean soil respiration rate. 
The soil CO2 flux measurements were taken at weekly intervals from 232 to 292 Julian days. 
From the perusal of the data (Table 27), it was observed that tillage and residues significantly 
influenced the CO2 emissions at all stages of measurement.

Table 27: Effect of tillage, residues and N levels on soil CO2 flux (mg m-2 hr-1)

Tillage Residues N levels
Soil CO2 flux (mg m-2 hr-1) on Julian day

232 238 245 251 259 292

CT

Sorghum stover
N0 385.9 506.8 605.0 652.6 636.7 308.8

N90 623.0 776.1 620.9 603.5 598.7 288.2

Gliricidia 
loppings

N0 562.3 754.0 689.0 714.3 666.8 332.6

N90 681.1 689.0 722.3 733.3 690.6 350.0

No residue
N0 443.5 332.6 356.4 361.1 338.9 278.7

N90 494.2 388.0 424.5 441.9 373.8 240.7

MT

Sorghum stover
N0 247.1 494.2 516.3 563.9 529.0 313.6

N90 216.4 451.4 546.4 584.5 555.9 293.0

Gliricidia 
loppings

N0 365.9 649.7 663.7 666.8 641.5 318.3

N30 491.0 779.3 633.6 636.7 625.6 310.4

No residue
N0 167.9 345.3 247.1 294.6 302.5 171.0

N90 218.5 441.9 212.2 247.1 291.4 150.4

CD (0.05)

Tillage 35.9 39.6 61.5 57.3 34.3 21.4

Residue 15.6 25.1 64.7 20.8 18.5 14.0

Nitrogen 10.0 16.8 NS NS NS 10.8

T X R 38.6 35.5 NS NS NS NS

T X N 14.2 NS NS 24.7 NS 15.3

R X N 17.4 39.8 NS NS NS NS

T X R X N 36.3 41.1 NS NS NS NS

The CO2 flux rate increased from 232nd Julian day to 259th Julian Day and a decline was 
observed further till harvest (at the time of maturity) (292nd day of the year) (Fig. 15). 
Conventionally tilled plots recorded significantly higher CO2 emissions compared to zero 
tilled plots. The CO2 flux rates also increased with the application of residues and N levels in 
all the Julian dates (232nd -292nd Julian days). During the first observation on 232nd Julian date, 
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when averaged over tillages, significantly higher soil CO2 flux was observed with application 
of sorghum stover (525 mg CO2 m

-2 hr-1) followed by Gliricidia loppings (368 mg CO2 m
-2 hr-

1) which was 58% and 11.2% higher over no residue application. Sorghum stover application 
recorded higher CO2 emissions from soil compared to Gliricidia application through out the 
period of experimentation. The increased higher CO2 flux with application of sorghum stover 
could be attributed to higher C: N ratio as well as higher microbial respiration owing to more 
biomass availability. 

Conventional tillage recorded significantly higher soil CO2 flux (531 mg CO2 m-2 hr-1) 
followed by minimum tillage (284 mg CO2 m

-2 hr-1) when averaged over residues and N 
levels on 232nd Julian date. Al-Kaisi and Yin (2005) found CO2 emissions after 20 days to be 
41% lower with NT and 26% lower with strip tillage (ZT at 10-cm depth) than CT in a Typic 
Haludoll in Iowa. Root respiration is a contributor to soil CO2 fluxes and this contribution 
can be from 10 to 90%, depending on vegetation type and time during the growing season; 
in annual crops, it is suggested that the root contribution to soil respiration is higher during 
the growing season but low in dormant periods (Hanson et al., 2000).

Fig. 15: Soil CO2 flux (mg CO2 m
-2 hr-1) as influenced by tillage from 232-292 Julian days in sorghum crop

Application of N @ 90 kg ha-1 recorded significantly higher (454 mg CO2 m
-2 hr-1) soil CO2 

flux compared to no nitrogen application (362 mg CO2 m
-2 hr-1) (Fig. 16). In the present 

study, the addition of N strongly stimulated the soil CO2 losses in the fertilization plots (N 
@ 90 kg ha-1) which was to the extent of 30% over control under conventional tillage on 
232nd Julian day. Similar increase in CO2 emissions were also recorded on the day of 2nd 
observation (238th Julian day) and also at the time of maturity (at the time of harvest). Higher 
CO2 fluxes due to nitrogen application could be attributed to more rapid decomposition by 
the microbial community, greater root respiration, or both (Fig. 17). Russell et al. (2005) 
found that 90 kg N ha-1 increased SOC in continuous corn-corn rotation but had no effect 
on SOC in a corn–soybean rotation. Other researchers have found that increased N fertilizer 
rates can increase SOC content in long-term corn and wheat cropping systems (Liang and 
Mackenzie, 1992; Halvorson et al., 2002). 
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Fig. 16: Influence of N levels on soil CO2 flux (mg CO2 
m-2 hr-1) from 232-292 Julian days in sorghum crop

Fig. 17: Influence of tillage and residues on soil CO2 flux 
(mg CO2 m

-2 hr-1) x from 232-292 Julian days in sorghum 
crop

It was interesting to observe that at maturity (at the time of harvest) i.e., on the 292nd Julian 
day, the soil CO2 flux declined across all the treatments. It varied from 332 mg CO2 m

-2 hr-1 
to 150 mg CO2 m

-2 hr-1 at the final stage of crop harvest. Conventional tillage (299.90 mg CO2 
m-2 hr-1) recorded significantly higher CO2 flux than minimum tillage (259.5 mg CO2 m

-2 hr-1) 
at maturity (at the time of harvest). 

At maturity (at the time of harvest), among the residues, loss of carbon through CO2 
emissions from the soil was significantly higher with application of sorghum stover (327.88 
mg CO2 m

-2 hr-1) followed by application of Gliricidia loppings (300.9 mg CO2 m
-2 hr-1). This 

might be attributed to high C/N ratio of sorghum stover compared to Gliricidia loppings. 
The residue quality, such as C/N ratio, can alter the decomposition rate of residue, thereby 
influencing CO2 emission (Al-Kaisi and Yin, 2005). Similarly, fertilizer N application also had 
a significant effect on soil CO2 flux (306 mg CO2 m

-2 hr-1) over no nitrogen application (315 
mg CO2 m

-2 hr-1) at maturity stage (at the time of harvest). Nitrogen fertilization increased CO2 
flux by 14% compared with no N fertilization in North Dakota (Sainju, 2008). Soil CO2 flux 
measurements represent a combination of root respiration, microbial respiration in the bulk 
soil and respiration of the rhizosphere microbial community (Amos et al., 2005). Soil surface 
CO2 flux declined as the plants reached physiological maturity and senescence.

The loss of C in the form of CO2 evolved from the soil surface was significantly higher with 
conventional tillage compared to zero tillage. Management practices like application of residues 
and N fertilizer also significantly influenced soil CO2 emissions. Application of sorghum stover 
recorded higher CO2 fluxes compared to Gliricidia application. N fertilizer @ 90 kg ha-1 
significantly increased the CO2 flux rates from soil. From the present study, it was observed 
that conservation agricultural practices like zero tillage, residue application can minimise 
carbon losses from semi arid Alfisol soils. Hence, there is a need to minimise soil CO2losses by 
adopting suitable conservation agricultural practices for sustainable crop production.
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However, long term studies are needed to determine the effects of management practices on 
CO2 flux and soil C levels under various soil, climatic and environmental conditions in semi 
arid tropics. The part of the results presented in this section has been published earlier in a 
Research Journal (Suma Chandrika et al., 2015).

3.16. Crop Response and Profitability 
Hard setting is a serious problem in Alfisols as it hampers sowing, emergence of seedlings 
and root growth (Pathak et al., 1985). Other major constraints in these soils include, weak 
to moderate profile development, low biological activity, low water holding capacity, 
poor aggregation and shallow depth. Traditional cultivation practices such as excessive 
tillage, harvest and removal of entire biomass, burning of the left over stubbles in the field 
for preparation of clean seed bed and open grazing aggravate the soil degradation. As a 
result, the yield of rainfed crops in these soils is very low. In order to improve and sustain 
crop yields in semi arid tropics, the practice of reduced tillage coupled with adequate 
amount of residue retention on soil surface and use of required amount of fertilizers in 
right proportion gains importance (Papendick and Parr, 1988)Earlier studies have shown 
that mulching with plant residues has enhanced moisture conservation and increase in 
crop yield (Friesen and Korwar 1987; Mahto and Sinha 1980). Crop residue maintained 
on soil surface at many semi-arid locations considerably increased soil water storage 
(Unger, 1984; Ojeniyi, 1986; Rasmussen et al., 1986; AI-Darby et al., 1989; Nyborg 
and Malhi, 1989; Marley and Littler, 1990). Operational scale research at International 
Crop Research Institute for Semi-Arid Tropics (ICRISAT) confirmed the clear benefits to 
soil and water conservation and substantial increase in crop yields due to adoption of 
improved management practices (Rao et al., 1998). It has been stated that improved 
water conservation through use of conservation tillage, including no-tillage, which is the 
ultimate type of conservation tillage, improves the potential to achieve greater yields 
of dryland crops (Unger, 2002). In the long run, zero tillage and residue retention can 
also improve soil structure and long-term nutrient cycling. Use of crop residues or other 
biomass as surface mulch with compost and green manures as amendments enhanced 
yields and sustained better soil health (Willey, 1990; Reganold et al., 1993; Fettell and 
Gill, 1995; van Keulen, 1995; Mader et al., 2002; Delate and Cambardella, 2004) and 
conserved soil and water (Rasmussan and Collins, 1991) in semi-arid tropics. Thus, crop 
residue mulching not only offer significant savings implied by reduced tillage but alleviate 
key constraints for crop growth and/or farm productivity (Erenstein, 2003). Considering 
these facts, a detailed response study was conducted to study the impact of tillage, crop 
residues and N application on yield and profitability of castor and sorghum crop in Alfisol 
at Hyderabad. A critical analysis of crop response and profitability was made using 14 
years data (1995-2008) the results are presented as follows: 
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3.16.1. Crop Yields 

Since the initiation of the experiment in 1995, sorghum and castor crops were grown in 
rotation. During the period from 1995 to 2008, sorghum crop was grown during the years 
1995, 1997, 1999, 2001, 2003, 2005, and 2007. In the year 2003, even though there was a 
fairly good amount of average crop seasonal rainfall, however, during the month of June there 
was a significant deficit (69%) in rainfall which is a very critical period for sowing of sorghum 
crop. The crop could not be sown in time because of delayed rainfall. Consequently, there 
was poor crop germination and crop stand due to desiccation of surface, crusting and hard 
setting. Alternately, castor crop was grown during the years 1996, 1998, 2000, 2002, 2004, 
2006 and 2008 in rotation. 

3.16.1.1. Sorghum Grain Yields

In this study, tillage significantly (p=0.05) influenced the pooled average sorghum grain 
yields. Among the tillages, CT maintained higher grain yields (1266 kg ha-1) compared to 
MT (Table 28).Application of Gliricidia loppings (GL) significantly (p=0.05) influenced the 
pooled average sorghum grain yields (1156 kg ha-1) followed by application of sorghum stover 
(SS) (1114 kg ha-1). Significantly higher (p=0.05) grain yield was observed with application of 
N @ 90 kg ha-1 (1425 kg ha-1) followed by application of N @ 60 kg ha-1(1292 kg ha-1). It was 
quite interesting and encouraging to note that the increase in sorghum grain yields over no 
N application (N0) was 70.4%, 106.4% and 127.6% at 30, 60 and 90 kg levels, respectively. 
Hence, the response to N application was tremendous. When the interaction effects of tillage 
and residues were studied, significantly higher (p = 0.05) yields were observed under CT 
along with GL (1306 kg ha-1) which was on par with SS (1262 kg ha-1) (Table 29). 

When tillage and N interaction effects were sen, significantly higher (p=0.05) sorghum grain 
yields (1465 kg ha-1) were observed with application of 60 kg N ha-1 followed by N @ 90 kg 
ha-1 (1229 kg ha-1) under CT. Significantly higher (p=0.05) pooled average sorghum grain 
yields were recorded under CTGLN90 (1701 kg ha-1) which was on par with CTSSN90 (1684 
kg ha-1) followed by CTSSN60 (1557 kg ha-1). 

3.16.1.2. Castor bean Yield

In case of castor, on pooled average basis, CT recorded significantly higher (826 kg  
ha-1) castor bean yields over MT (526 kg ha-1) (Fig. 18). Among the residues, GL maintained 
significantly higher (p=0.05) yields (726 kg ha-1) followed by SS (672 kg ha-1). When averaged 
over N levels, significantly higher (p=0.05) yields (875 kg ha-1) were observed with N @ 90 
kg ha-1 followed by N @ 60 kg ha-1 (749 kg ha-1). The increase in castor yields over N0 level 
was up to 44.9%, 69.8% and 98.6% at 30, 60 and 90 kg N ha-1, respectively which signified 
the response to N application. The interaction effects between tillage and residues were 
significant on castor bean yields. Significantly higher (p=0.05) yield was observed with GL 
(887 kg ha-1) followed by SS (806 kg ha-1) under CT while the interaction of tillage and N 



187

Conservation Agriculture and Soil Health Management
- Long-term Experiences in Rainfed Agriculture

levels revealed higher yields with N application @ 90 kg ha-1 (1031 kg ha-1) and @ 60 kg ha-1 

(923 kg ha-1) under CT. The interaction effects of tillage, residues and N levels also showed 
a significant influence on castor bean yield. Significantly higher yield was observed with 
CTGLN90 (1083 kg ha-1) which was on par with CTSSN90 (1013 kg ha-1) and CTGLN60 
(991 kg ha-1). 

Fig. 18: Influence of conventional and minimum tillage, different residues and N levels Castor bean yields

3.16.2. Sustainability Yield Indices (SYI)

Sustainability yield indices have been computed by transforming the castor yield data of all 
the years into sorghum equivalent yields and are presented in Fig. 19. Sorghum equivalent 
yields were computed by multiplying the castor yields with the average price factor of 
2.29. CT maintained higher SYI of 0.44 compared to MT (0.38). Among the residues, both 
applications of GL as well as SS maintained almost similar SYI of 0.43 and 0.42, respectively 
and were 11-13% higher over NR (SYI of 0.38). The sustainability yield indices increased 
with increasing N levels. Nitrogen applied @ 90 kg ha-1 recorded the highest SYI of 0.50 
while it was 0.32 with N0, 0.37 with 30 kg N ha-1 and 0.46 with 60 kg N ha-1.    
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Fig. 19: Effect of different tillage, residues and N levels on yield indices 

3.16.3. Agronomic Efficiency (AE) 

Agronomic efficiency as affected by treatments varied between 6.44 to 18.5 kg grain kg-1 N 
for sorghum crop and 3.21 to 9.85 kg grain kg-1 N for castor crop across the management 
practices (Fig. 20). On an average, it was observed that CT maintained higher agronomic 
efficiency of 13.5 and 6.76 kg grain kg-1 N for sorghum and castor, respectively while MT 
showed relatively lower agronomic efficiency of 9.61 and 4.30 kg grain kg-1 N for sorghum 
and castor crops, respectively. GL maintained significantly higher (p=0.05) agronomic 
efficiency in both sorghum (12.7 kg grain kg-1 N) and castor crops (6.25 kg grain kg-1 N). 
SS maintained slightly lower agronomic efficiency of 11.7 kg grain kg-1 N in sorghum crop 
and 5.43 kg grain kg-1 N in castor crop compared to GL. Even the treatment that received 
no residue could also maintain agronomic efficiency of 10.3 and 4.92 kg grain kg-1 N for 
sorghum and castor crops respectively because of the N received through fertilizer source. 
Highest agronomic efficiency was recorded under N30 level while it gradually decreased 
with N60 and N90 levels. For sorghum crop, agronomic efficiency was observed to be 14.7, 
11.1 and 8.87 kg grain kg-1 N under N30, N60 and N90 respectively while for castor crop the 
corresponding values were 6.62, 5.14 and 4.83 kg grain kg-1, N respectively.  

Fig. 20: Influence of different tillage, residues and N levels on agronomic efficiency of sorghum and castor crops 
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3.16.4. Relationship between Rainfall and Crop Yield 

The average rainfall received during the month of June during the period of field experiment 
varied from 32.1 to 181.6 mm with a coefficient of variation (CV) of 53% (Table 30). This 
extreme variation in the rainfall in June which is crucial period for the establishment of 
rainfed crops in this region significantly influenced the sowing operations, crop germination 
and overall crop stand. Similarly, the corresponding CV in rainfall in the month of July was 
up to 78%. Next to June, the distribution and variation of rainfall in the month of July also 
assumes great significance, as this is the period when interculture operations are crucial for 
top dressing of fertilizer and weed control. When the crop seasonal rainfall over the years 
was considered, it varied from 256.1 to 986.5 mm with CV of 40%. The results of Mann-
Kendall tests indicated a statistically significant temporal trend with time with respect to 
rainfall received during June to December during the period of experimentation. A significant 
positive trend at p=0.05 was observed and the relation could be described as follows:

Y = -56940 + 28.76 (X) 

Where Y represents average crop season rainfall (mm) and X represents the year.

This expression indicated that there was an increase of 28.76 mm of rainfall every year 
during the study period.

When the response of crops in terms of per cent increase or decrease in yields with an 
average crop seasonal rainfall was studied with respect to mulch application under both CT 
and MT, interesting results were obtained. There was an increase in response with increase 
in rainfall with crop residue mulch in both castor and sorghum crops under CT. However 
under very low rainfall conditions, mulch had an adverse effect and could not benefit the 
crop (Fig. 21). Similarly, under minimum tillage, there was increasing response in sorghum 
while such trend was not much visible in castor crop (Fig. 22). 

Table 28: Rainfall pattern (mm) during the period of experimentation (1995-2009)

Year June July Aug Sept Oct Nov Dec Average Seasonal 
Rainfall

1995 124.0 69.4 52.1 38.2 65.4 6.4 0 394.5

1996 135.6 66.5 45.1 47.8 24.3 2.6 0 325.7

1997 85.2 109.1 75.9 183 53.2 32.2 36.3 605.0

1998 58.7 42.6 48.0 50.0 55.8 9.2 0 277.3

1999 38.0 71.1 38.4 48.6 16.0 0 0 256.1

2000 181.6 67.7 73.4 27.4 5.2 3.7 3.2 380.0

2001 138.7 50.6 97.3 191.3 263.2 3.8 0 748.6

2002 70.1 50.5 132.1 123.9 96.3 0 0 513.5

2003 32.4 235.7 148.7 64.8 116.6 0 0 580.5
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Year June July Aug Sept Oct Nov Dec Average Seasonal 
Rainfall

2004 72.2 205.0 51.7 45.8 84.4 0 0 525.7

2005 39.2 306.5 122.2 192.6 360.6 0 0 986.5

2006 69.4 111.1 181.3 118.4 26.2 16.0 0 624.0

2007 169.3 24.2 212.3 174.4 24.0 14.8 0 649.0

2008 47.8 89.8 399.3 156.5 61.1 50.4 0 986.4

2009 104.0 63.0 181.8 127.7 60.9 47.0 6.8 557.0

Mean 91.08 104.1 123.9 106.0 87.5 12.4 3.09 560.6

CV 53.3 77.5 76.6 59.0 111.8 138.1 303.8 40.0

Mann Kendall’s Z value (P=0.05) 2.32

Table 29: Effect of tillage, crop residue application and different N levels on sorghum grain 
yield (kg ha-1) after 13-years 

Treatments 1995 1997 1999 2001 2005 2007 Pooled 
analysis 

Tillage

CT 984.50a 1011.97a 1466.83a 1124.57a 1249.28a 1665.11a 1265.88a

MT 967.58a 471.19b 1037.94b 917.61b 972.03b 1376.14b 957.08b

Residue

Sorghum stover 865.29a 774.71a 1245.21a 1003.52b 1127.26b 1612.91a 1113.69b

Gliricidia loppings 1067.58a 742.96b 1266.96a 1115.33a 1190.33a 1555.45b 1156.44a

No residue 995.25a 707.08c 1245.00a 939.38c 1039.17c 1421.75c 1057.94c

N levels

N0 587.11c 537.39d 653.06c 631.39d 394.47d 946.23d 626.21d

N30 895.89b 628.94c 1333.78b 933.56c 1053.06c 1557.39c 1067.10c

N60 1193.50a 839.89b 1469.06a 1163.33b 1370.22b 1718.50b 1292.42b

N90 1227.67a 960.11a 1553.67a 1329.72a 1617.22a 1860.39a 1424.80a

Comparison of means is given where F values from analysis of variance are significant. In a 
column, means followed by a common letter are not significantly different from each other 
at the 0.05 level by Tukey’s test.

Table 30: Interaction effects of tillage, crop residue application and N levels on sorghum 
grain yield (kg ha-1) after 13-years 

Treatments 1995 1997 1999 2001 2005 2007 Pooled
analysis

Conventional tillage

Sorghum stover 881.7ba 1062.8a 1460.1a 1102.3b 1229.1b 1776.3a 1252.0a

Gliricidia loppings 1032.5a 1046.0a 1490.3a 1234.6a 1331.1a 1704.2a 1306.4a

No residue 1039.3a 927.1b 1450.2a 997.3c 1187.7c 1514.9b 1186.1b
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Treatments 1995 1997 1999 2001 2005 2007 Pooled
analysis

Minimum Tillage

Sorghum stover 848.9ab 486.6c 1030.3b 875.3c 975.8e 1393.1c 935.0d

Gliricidia loppings 1102.7a 439.9d 1043.7b 996.1c 1049.6d 1406.7bc 1006.4c

No residue 951.2a 487.1c 1039.8b 881.5c 890.7f 1328.6c 929.8d

Conventional Tillage

N0 554.1d 681.2d 748.6d 658.7e 536.7e 955.6e 689.1f

N30 921.7b 820.4c 1536.1b 962.0cd 1210.6c 1748.0ab 1199.8c

N60 1252.4a 1184.1b 1756.8a 1257.1b 1467.0a 1874.7a 1465.4a

N90 907.3ab 1362.1a 1825.8a 1567.7a 1337.2b 1561.7c 1228.8b

Minimum tillage

N0 620.1c 393.6g 557.6e 604.1e 267.6f 936.9e 563.3g

N30 870.1b 437.4g 1131.4c 905.1d 895.6d 1366.8d 934.4e

N60 1134.6ab 495.7f 1181.3c 1069.6c 1273.4c 1562.3bc 1119.5d

N90 1245.6a  558.1e 1281.4c 1091.7c 1451.6a 1638.6b 1211.1c

Comparison of means is given where F values from analysis of variance are significant. In a 
column, means followed by a common letter are not significantly different from each other 
at the 0.05 level by Tukey’s test.

Fig. 21: Per cent change in sorghum yield due to crop 
residue mulch over no mulch under conventional 

tillage and minimum tillage in nitrogen control plots

Fig. 22: Percent change in castor yield due to crop 
residue mulch over no mulch under conventional 

tillage and minimum tillage in nitrogen control plots
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3.16.5. Response Functions, Yield Prediction and computation of Optimum N Requirement 
for a Defined Condition

Optimum fertilizer N requirement to achieve at least 85% (achievable yield target in 
rainfed crops) of the maximum observed yield (Nopt85) of sorghum and castor crop was also 
computed for different combination of treatments (Table 31). The maximum observed yield 
is the maximum mean yield of sorghum/castor crop obtained from the experimental plots 
over the years while the predicted yield is computed by substituting ‘x’ with maximum dose 
of Nitrogen (90 kg ha-1) in the prediction function. The observed yields of both sorghum and 
castor crops under MT were low compared to CT. Castor crop recorded still lower yields 
under MT conditions compared to sorghum crop. The prediction functions between the 
long-term crop yields and the varying N levels for a given set of tillage and residue treatments 
showed a higher goodness of fit with R2 values > 0.95 (p= 0.05) for both sorghum and castor 
crops. In case of sorghum crop, the optimum fertilizer N requirement varied from 45 to 56 
kg ha-1 under different treatments. Optimum N requirement was slightly higher under CT 
compared to MT conditions. In the castor crop, the optimum fertilizer N requirement varied 
between 46 to 74 kg ha-1 under different combinations of treatments. Similar to sorghum, the 
optimum fertilizer N requirement for castor was also higher in CT compared to MT. 

Table 31: Prediction equations (functions) for computing optimum N fertilizer dose to 
achieve 85% of the maximum observed yield of sorghum and castor 

Prediction equations R2
Predicted 
maximum 

Yield (kg ha-1)

Observed 
maximum 

yield (kg ha-1)

85% of max 
observed 

yield

Optimum N  (Nopt 
85) to get 85% of the 
max observed yield

Sorghum Crop

Y CTSS = -0.0847 x 2 + 18.74 
x + 673.69

0.987 1712 1695 1441 54

Y CTGL  = -0.1146 x 2 + 
21.238 x + 711.66

0.984 1695 1774 1508 54

Y CTNR = -0.082 x 2 + 
16.476 x + 702.94

0.977 1531 1617 1374 56

Y MTSS = -0.072 x 2 + 13.463 
x + 556.08

0.984 1185 1204 1023 46

Y MTGL = -0.091 x 2 + 
16.123 x + 567.42

0.989 1281 1306 1110 45

Y MTNR = -0.0699 x 2 + 
12.659 x + 580.28

0.983 1153 1214 1032 48

Castor Crop

Y CTSS = -0.0383 x 2 + 
8.6197 x + 539.12

0.964 1024 1059 900 56

Y CTGL = -0.0564 x 2 + 
10.394 x + 596.64

0.959 1075 1120 952 46
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Prediction equations R2
Predicted 
maximum 

Yield (kg ha-1)

Observed 
maximum 

yield (kg ha-1)

85% of max 
observed 

yield

Optimum N  (Nopt 
85) to get 85% of the 
max observed yield

Y CTNR = -0.0308 x 2 + 
7.9999 x + 523.41

0.980 1043 1016 864 54

Y MTSS = -0.0015 x 2 + 
4.1615 x + 332.79

0.978 695 724 615 65

Y MTGL = -0.0106 x 2 + 
5.4264 x + 354.03

0.969 757 802 682 71

Y MTNR = -0.0142 x 2 + 
2.5455 x + 329.64

0.973 444 700 595 74

3.16.6. Computation of Profitability 

The total cost of cultivation per hectare varied from INR 9900 to 19100 /- across the treatments 
(Table 32). The cost of cultivation for CT was significantly higher (INR 14,475/-) than MT 
(INR 13,075/-). In case of residue treatments, SS incurred higher mean cultivation cost (INR 
17,775/-) compared to GL (INR 12,375/-) and NR (INR 11,175/-). The cost of cultivation for N 
@ 90 kg ha-1 was higher (INR 14,400/-) compared to the other levels. The mean gross returns 
per hectare varied from INR 11,044 to 34,644/- across the treatments. CT showed the highest 
(p=0.05) gross (INR 26,224/-) and net (INR 11,750/-) returns compared to MT. GL yielded 
significantly higher net returns of INR 11,240/- compared to SS (INR 4,249/-). The net returns 
increased with increase in N levels. On an average, the benefit cost ratio was higher for CT 
(1.86) followed by MT (1.44) (Table 32). B:C ratio was the highest for GL (1.88) followed 
by NR (1.85) and SS (1.23). The B:C ratio increased with increase in N levels and was 
highest for 90 kg N ha-1 (2.03). The interaction effects of tillage with residues and N levels 
were significant at p=0.05 (Table 33). Significantly higher B:C ratio was observed in case 
of CTGLN90 (2.52). ). The part of the results presented in this section have been published 
earlier in a Research Journal (Kusuma et al., 2013).

Table 32: Net returns and profitability of long-term tillage, residues and N levels 

Treatments Gross returns (INR) Total input cost 
(INR)

Net returns
(INR)

Benefit Cost ratio 
(B:C)

Tillage

CT 26534a 14376a 12157a 1.86a

MT 18230b 13074b 5155b 1.44b

Residue

Sorghum stover 22312b 17769a 4543c 1.24c

Gliricidia loppings 23614a 12374b 11239a 1.88a

No residue 21044c 11174c 9869b 1.85b

N Levels

N0 13614d 12923d 690d 1.09d
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Treatments Gross returns (INR) Total input cost 
(INR)

Net returns
(INR)

Benefit Cost ratio 
(B:C)

Tillage

N30 21339c 13566c 7773c 1.62c

N60 25345b 13933b 11412b 1.87b

N90 28512a 14400a 14112a 2.03a

Table 33: Interaction effects of long-term tillage, residues and N levels on profitability 

Treatments Gross returns 
(INR)

Total input cost 
(INR)

Net returns 
(INR)

Benefit Cost ratio 
(B:C)

Minimum Tillage

Sorghum stover 18085d 17074b 1010f 1.05d

Gliricidia loppings 19351d 11674e 7677c 1.64b

No residue 17253e 10474f 6778e 1.63b

Conventional Tillage

N0 13900g 16198a 2298g 1.21f

N30 25572c 14266d 11306c 1.85c

N60 30013b 14633c 15380b 2.12b

N90 33113a 15100b 18013a 2.26a

Minimum Tillage

N0 11225h 12500h -1274h 0.94g

N30 17106f 12866g 4240f 1.39e

N60 20677e 13233f 7444e 1.62d

N90 23910d 13700e 10210d 1.81c

INR denotes Indian Rupees

1 INR = 0.019948 U.S. dollars or 0.01514 Euros (Price considered for 1kg of Sorghum grain is = 11 INR, Price 
considered for 1 kg of dry Sorghum stover is = 3 INR)

3.17. Long-term Effect of Tillage, Residues and N Levels on Other Soil Properties 
in Sorghum Castor Rotation in the Year 2013 
After the harvest of sorghum crop in the year 2013, soil samples were collected and tested 
for physical, chemical and biological properties. The data pertaining to soil properties is 
presented as follows:

The pH of the soil varied from 4.9 to 6.2 across various treatments. It was observed  that 
tillage and residues did not cause any significant change in pH, whereas the levels of N 
significantly influenced the pH of the soil. In the surface layer i.e 0-15cm depth, the organic 
carbon varied from 4.24 to 7.89 g kg-1. Minimum tillage recorded significantly higher organic 
carbon (6.47 g kg-1) which was 12% higher compared to conventional tillage (5.75 g kg-1). 
Application of residues resulted in significant improvement in soil organic carbon content 
in the surface soil layer compared to no residue application. Sorghum stover and Gliricidia 
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application recorded organic carbon contents of the order of 6.57 g kg-1 and 6.73 g kg-1 
respectively which was37% and 40% higher than control (4.80 g kg-1). Application of N @ 
90 kg ha-1 along with the residues also significantly positively influenced the organic carbon 
content (6.61 g kg-1) in soils compared to control or no nitrogen application (5.79 g kg-1). 
The interaction effects of tillage with residues and N levels on organic C were found to be 
significant. 

Soil available N is significantly influenced by minimum tillage, residue application and N 
levels. Minimum tillage recorded significantly higher soil available N (223 kg ha-1) (8%) 
compared to conventional tillage (210 kg ha-1) (Table 34). Among the residues, Gliricidia 
application significantly increased available nitrogen content in soil (238 kg ha-1) followed by 
sorghum stover (206 kg ha-1) compared to no residue application (198.9 kg ha-1) which was 
20% and 4% higher respectively compared to control. The soil available N increased with 
increase in N levels which varied from 195 (N0) to 230 kg ha-1(N90) (Fig. 23).

 

Fig. 23: Effect of tillage, residues and N levels on soil available N, P and K (kg ha-1) 

The available P in the soils varied from 28 to 43.5 kg ha-1 across the treatments. Minimum 
tillage (36.5 kg ha-1) recorded significantly higher available P compared to conventional 
tillage (31.7 kg ha-1). Amongst the residues, Gliricidia application @ 2t ha-1 significantly 
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influenced higher available phosphorus (36.5 kg ha-1) compared to sorghum stover (34.2 kg 
ha-1) and no residue application (31.6 kg ha-1). N levels and interaction effects were found 
to be significant. Similar results were observed with soil available K where, minimum tillage 
maintained its superiority over conventional tillage. Minimum tillage, residue application 
and N @ 90 kg ha-1 significantly influenced exchangeable Ca and Mg in this study. Minimum 
tillage recorded significantly higher S content (nearly 70%) compared to conventional tillage. 
Application of Gliricidia loppings also proved to be significantly superior over the other 
two residue treatments. In case of micronutrients, Fe, Cu, Zn, Mn and B contents in the 
soil were found to be significantly higher under minimum tillage compared to conventional 
tillage. Application of Gliricidia loppings significantly improved the micronutrient status of 
the treated soil compared to no residue application. 

Dehydrogenase activity (DHA) in the soil was found to be significantly influenced by tillage, 
residues and N levels which varied from 20.2 to 30.8 mg TPF g-1 24h-1. Practice of long term 
minimum tillage resulted in significantly higher DHA (29.7 mg TPF g-1 24h-1) compared to 
conventional tillage (28.4 mg TPF g-1 24h-1) (Table 35). Application of Gliricidia loppings 
significantly influenced higher DHA (32.6 mg TPF g-1 24h-1) compared to sorghum stover 
(28.2 mg TPF g-1 24h-1) and no residue application (26.4 mg TPF g-1 24h-1).

Table 34: Effect of tillage, residues and N levels on soil physical and chemical properties

Tillage Residues N 
levels pH EC

dSm-1
OC

g kg-1

N P K Ca Mg S
kg ha-1kg ha-1 c mol kg-1

CT

Sorghum 
stover 

N0 5.8 0.04 6.19 198.77 29.6 107.2 2.66 0.93 11.0

N30 5.5 0.04 6.18 220.59 30.6 112.1 2.76 1.11 13.1

N60 5.4 0.04 5.79 231.50 32.3 124.5 2.78 1.24 15.6

N90 5.2 0.05 6.13 243.79 35.0 132.5 3.03 1.34 16.4

Gliricidia 
loppings

N0 5.5 0.04 5.59 212.36 31.7 91.3 3.02 1.14 12.8

N30 5.7 0.04 5.90 228.43 32.7 100.9 3.21 1.17 13.7

N60 5.5 0.05 5.33 240.83 33.0 133.5 3.39 1.24 14.1

N90 5.3 0.04 6.00 248.47 35.1 142.4 3.53 1.32 15.9

No 
residue 

N0 6.0 0.04 5.66 184.55 28.1 57.6 2.16 0.78 10.4

N30 5.3 0.04 6.11 194.01 30.9 63.8 2.31 0.94 11.5

N60 5.5 0.05 5.32 204.58 30.7 64.1 2.72 1.04 11.8

N90 5.2 0.04 5.82 208.58 31.8 71.6 2.81 1.11 13.6

MT Sorghum 
stover

N0 6.0 0.04 4.06 166.85 32.3 90.2 2.29 1.20 19.6

N30 5.8 0.04 4.48 174.60 34.8 108.9 2.53 1.27 20.4

N60 5.4 0.04 4.78 199.63 38.9 118.4 2.74 1.36 22.2

N90 5.4 0.05 4.75 212.91 40.6 159.2 3.14 1.38 33.4
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Tillage Residues N 
levels pH EC

dSm-1
OC

g kg-1

N P K Ca Mg S
kg ha-1kg ha-1 c mol kg-1

MT

Gliricidia 
loppings

N0 5.7 0.04 3.71 221.09 35.4 113.9 2.65 1.54 23.5

N30 5.7 0.04 4.61 229.87 38.7 107.2 2.70 1.66 27.2

N60 5.6 0.05 6.52 261.50 42.3 199.5 2.71 1.72 28.0

N90 4.9 0.05 4.02 263.57 43.5 204.8 2.87 1.71 33.2

No 
residue 

N0 6.3 0.04 4.63 185.73 31.9 79.1 1.42 1.17 9.2

N30 5.7 0.04 4.62 193.20 32.1 104.9 1.61 1.23 16.2

N60 5.5 0.05 4.13 213.20 32.7 114.3 2.33 1.31 17.1

N90 5.1 0.05 3.04 224.53 35.2 121.1 2.55 1.34 22.8

Tillage (T) NS NS 0.76 0.20 0.10 2.24 NS 0.08

Residue(R) NS NS 0.66 0.06 0.17 3.89 0.04 0.05

Nitrogen(N) 0.084 NS 2.81 0.34 0.65 NS 0.14 0.26

T X R NS NS 0.94 0.08 0.24 5.50 NS 0.07

T X N 0.119 NS 3.97 0.49 0.93 NS NS NS

R X N 0.146 NS 4.86 0.60 1.14 NS 0.25 0.45

T X R X N NS NS NS NS 1.61 NS NS 0.64

Table 35: Effect of tillage, residues and N levels on micronutrients (mg kg-1) and DHA

Tillage Residues N 
levels

Fe Zn Cu Mn B DHA
mg TPF g-1 24h-1

mg kg-1

CT

Sorghum 
stover 

N0 30.1 1.7 1.1 33.8 0.6 24.4

N30 31.8 1.8 1.2 39.8 0.65 27.8

N60 38.3 1.8 1.5 53.7 0.65 30.6

N90 41.4 1.9 1.6 55.6 0.69 31.5

Gliricidia 
loppings

N0 38.4 1.7 1.3 38.0 0.75 25.7

N30 38.2 1.8 1.6 46.4 0.76 27.3

N60 44.2 1.9 1.8 54.8 0.77 33.8

N90 46.2 2.1 2.1 59.5 0.76 38.8

No residue N0 24.6 1.6 1.0 31.4 0.62 20.2

N30 29.6 1.6 1.1 39.3 0.67 25.8

N60 30.1 1.6 1.4 41.9 0.73 26.3

N90 32.8 1.8 1.2 46.3 0.76 28.7

MT

Sorghum 
stover

N0 42.7 2.3 1.9 52.3 0.71 26.4

N30 48.4 2.4 2.0 55.6 0.72 28.3

N60 58.2 2.4 2.2 59.3 0.75 27.7

N90 69.6 2.5 2.9 59.3 0.78 28.9
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Tillage Residues N 
levels

Fe Zn Cu Mn B DHA
mg TPF g-1 24h-1

mg kg-1

MT

Gliricidia 
loppings

N0 43.5 2.3 1.9 46.1 0.58 28.3

N30 54.2 2.3 1.9 52.3 0.61 33.7

N60 63.4 2.4 2.1 55.3 0.63 35.0

N90 74.3 2.7 2.4 57.4 0.68 38.1

No residue 

N0 40.3 2.1 1.8 38.0 0.59 24.6

N30 44.6 2.2 1.8 41.1 0.6 26.1

N60 45.4 2.3 1.9 43.9 0.62 27.5

N90 48.0 2.3 2.1 47.9 0.69 31.9

Tillage (T) 4.68 0.28 0.70 0.92 0.005 0.41

Residue (R) 2.67 0.15 0.47 0.62 0.003 0.20

N i t r o g e n 
(N)

6.99 0.46 1.11 2.36 0.016 0.71

T X R 3.78 0.21 0.66 0.88 0.005 0.28

T X N 9.89 0.66 1.57 3.34 NS 1.01

R X N 12.11 0.81 1.92 4.09 NS 1.24

T X R X N 17.13 1.14 2.72 5.79 NS 1.75

3.18. Long-term Effect of Tillage, Residues and N Levels on Nutrient Uptake by 
Sorghum 
The long term effect of tillage, residues and N levels were studied on nutrient uptake by 
sorghum crop in the year 2012. The results are presented as follows:

3.18.1. Primary Nutrients (N, P, K)

The nutrient uptake by sorghum was significantly influenced by tillage, residues and N 
levels. Nitrogen uptake by sorghum crop was significantly influenced by tillage practices. 
Minimum tillage recorded significantly higher (78.1 kg ha-1) uptake of nitrogen compared to 
conventional tillage (61.34 kg ha-1) (Table 36). Application of Gliricidia @2t/ha significantly 
influenced N uptake by sorghum (86.5 kg ha-1) compared to sorghum stover application 
(68.3 kg ha-1) and no residue treatment (54.3 kg ha-1). The N uptake by sorghum crop 
increased with increase in N levels. When averaged over tillage and residue treatments, 
it was observed that, significantly higher N uptake was observed with application of N @ 
90 kg ha-1. 
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Phosphorus uptake by sorghum was significantly influenced by all the tillage, residue and 
N level treatments. P uptake was significantly higher with MT (9.8 kg ha-1) followed by CT 
(9.15 kg ha-1). When averaged over tillage and N levels, it was observed that residue played 
a significant role in influencing P uptake which was evident by the higher uptake of P with 
application of Gliricidia (11.3 kg ha-1)and sorghum stover (9.11 kg ha-1) over no residue 
application (8.0 kg ha-1). A significant increasing trend in the uptake of P was observed with  
increase in the doses of N from 0 to 90 kg ha-1, the P uptake contents varied from 5.13 to 
12.31 kg ha-1.

Tillage practices did not significantly influenced the K uptake of sorghum crop. Residues 
and N levels significantly influenced the K uptake. K uptake was significantly influenced by 
Gliricidia (35.8 kg ha-1) and sorghum stover (27.4 kg ha-1) application compared to no residue 
application (23.6 kg ha-1) (Fig. 181). The interaction effects between tillage, residues and N 
levels were found to be significant in case of NPK uptake in Sorghum crop. 

Fig. 24: Long-term effect of tillage, residues and N levels on uptake of NPK (kg ha-1) in sorghum crop

3.18.2. Secondary Nutrients (Ca, Mg, S)

Calcium uptake in sorghum was significantly influenced by tillage, residues and N levels. In 
case of Ca uptake, conventional tillage (25.9 kg ha-1) recorded significantly higher Ca uptake 
compared to minimum tillage (25.0 kg ha-1). Both Gliricidia (32.3 kg ha-1) and sorghum stover 
(24.5 kg ha-1) application proved significantly superior compared to no residue treatment (19.7 
kg ha-1) in terms of Ca uptake (Fig. 25). A significant increasing trend in uptake of Calcium was 
observed with increase in N levels which varied from 11.5 kg ha-1 to 34.6 kg ha-1.

Magnesium uptake was significantly influenced by residues and N levels only and it varied 
from 0.5 to 5.8 kg ha-1 across the treatments. Tillage did not show any significant impact 
on magnesium uptake. Residues and N levels significantly influenced Mg uptake. All the 
treatment components viz. tillage, residue and N treatments significantly influenced the 
micronutrient uptake by sorghum. It varied from 1.2 to 8.0 kg ha-1 across the treatments. 
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Fig. 25: Influence of tillage, residue and N levels on secondary nutrient uptake (kg ha-1) in sorghum

Table 36: Effect of tillage, residues and N levels on uptake of primary and secondary 
nutrients (kg ha-1) by sorghum 

Tillage Residues N levels
N P K Ca Mg S

Kg ha-1

CT

Sorghum stover 

N0 25.3 4.5 10.2 9.2 0.7 1.4

N30 57.1 8.7 27.2 22.8 1.8 2.9

N60 83.8 11.3 35.3 33.2 3.0 5.2

N90 83.4 11.3 35.0 35.5 3.4 5.1

Gliricidia loppings

N0 36.7 5.7 16.1 14.5 1.6 2.1

N30 72.7 10.8 33.2 31.5 3.5 4.3

N60 102.8 14.6 50.0 47.0 5.4 6.1

N90 101.8 14.2 50.2 46.1 5.8 7.1

CT No residue 

N0 19.1 4.0 10.1 7.72 0.5 1.2

N30 37.3 6.3 21.5 14.7 1.1 2.2

N60 55.2 9.3 30.3 24.7 2.3 3.9

N90 60.3 8.7 27.5 24.3 2.4 3.6

MT

Sorghum stover

N0 31.6 4.1 12.4 9.9 0.7 1.6

N30 75.9 9.0 27.0 23.0 1.9 4.0

N60 91.9 11.1 34.8 30.7 3.2 4.9

N90 97.3 12.5 37.2 31.7 3.8 5.2

Gliricidia loppings

N0 42.0 6.0 16.6 15.6 1.3 2.6

N30 89.5 10.0 29.7 28.5 3.5 5.0

N60 119.9 13.4 44.7 38.2 4.9 8.0

N90 126.0 15.5 46.2 37.4 5.5 8.0

MT No residue 

N0 33.4 6.3 14.9 11.9 0.9 1.9

N30 52.3 6.8 19.7 14.5 1.7 2.4

N60 82.3 10.9 30.1 26.6 2.4 4.3

N90 94.7 11.5 35.1 32.9 3.3 5.1

Tillage (T) 0.76 0.20 0.10 2.24 NS 0.08
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Tillage Residues N levels
N P K Ca Mg S

Kg ha-1

Residue (R) 0.66 0.06 0.17 3.89 0.04 0.05

Nitrogen (N) 2.81 0.34 0.65 NS 0.14 0.26

T X R 0.94 0.08 0.24 5.50 NS 0.07

T X N 3.97 0.49 0.93 NS NS NS

R X N 4.86 0.60 1.14 NS 0.25 0.45

T X R X N NS NS 1.61 NS NS 0.64

3.18.3. Micronutrients

Micronutrient uptake was significantly influenced by tillage, residue and N levels (Table 37). 
The interaction effect of tillage, residue and N levels were found to be significant.

Fig. 26: Influence of tillage, residue and N levels on micronutrient uptake (kg ha-1) in sorghum

Table 37: Effect of tillage, residues and N levels on micronutrients uptake (g ha-1) by sorghum 

Tillage Residues N levels
Fe Cu Zn Mn

g ha-1

CT

Sorghum stover 

N0 593.5 12.0 47.3 63.9

N30 1254.2 23.1 98.2 148.8

N60 1604.2 33.4 133.7 199.5

N90 1550.1 31.4 141.8 211.3

Gliricidia loppings

N0 765.8 19.2 65.6 90.9

N30 1535.5 44.6 136.0 188.5

N60 2171.7 71.7 195.4 280.8

N90 2076.0 70.1 202.4 347.8

No residue 

N0 456.9 11.3 42.7 55.0

N30 773.5 18.1 74.9 108.9

N60 1198.5 28.0 112.7 177.3

N90 1240.4 25.5 110.7 180.2
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Tillage Residues N levels
Fe Cu Zn Mn

g ha-1

MT

Sorghum stover 

N0 626.2 12.6 53.0 72.2

N30 1354.6 28.0 114.7 167.2

N60 1662.9 35.2 141.2 228.3

N90 1692.7 46.3 144.8 245.7

Gliricidia loppings

N0 758.2 19.3 68.5 89.3

N30 1349.5 40.5 123.3 211.3

N60 1852.2 58.7 167.1 289.8

N90 1971.2 65.8 183.7 385.1

No residue 

N0 640.3 15.1 64.5 80.5

N30 754.8 18.2 77.0 105.3

N60 1163.0 28.0 116.0 173.9

N90 1551.6 37.7 144.8 225.8

Tillage (T) 4.68 0.28 0.70 0.92

Residue (R) 2.67 0.15 0.47 0.62

Nitrogen (N) 6.99 0.46 1.11 2.36

T X R 3.78 0.21 0.66 0.88

T X N 9.89 0.66 1.57 3.34

R X N 12.11 0.81 1.92 4.09

T X R X N 17.13 1.14 2.72 5.79

3.19. Summary of Salient Findings and Practical Utility
3.19.1. Effect on Pooled Yield

•� The pooled Analysis of the yield data (1995 to 2011) revealed a significant influence of 
years, tillage, residues as well as the N levels on sorghum and castor yields. 

•� Among the tillage practices, on an average, conventional tillage performed significantly 
well in terms of maintaining higher sorghum grain yields (1235 kg ha-1) compared to 
minimum tillage (992 kg ha-1) amounting to 24.4% increase in yield over the minimum 
tillage under sorghum-castor system.

•� Among the residues applied, Gliricidia application recorded significantly highest sorghum 
grain yields (1175 kg ha-1) followed by sorghum stover application (1114 kg ha-1), while 
the plots receiving ‘no residue’ recorded sorghum grain yield to the tune of 1053 kg ha-1.

•� The increase in sorghum grain yields over the N0 level (control) was to the extent of 
71.9%, 109.4% and 121.5% at 30, 60 and 90 kg N ha-1 levels respectively.

3.19.2. Effect on Predominant N Fractions 

•� Available N varied from 230.9 to 331.3 kg ha-1 across the treatments and was significantly 
influenced by tillage, residues as well as N levels. Available N content was significantly 
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higher under minimum tillage (316.1 kg ha-1) compared to conventional tillage (287.8 
kg ha-1). 

•� Among the residues, both gliricidia loppings as well as sorghum stover performed equally 
well and maintained higher available N content of 311.7 and 301.9 kg ha-1 respectively. 
Available N content in soils increased with increase in N levels and was highest with N 
applied @ 90 kg ha-1 (317.9 kg ha-1). 

•� The total nitrogen content in this experiment varied from 1566 to 2344 kg ha-1 across 
the management treatments and was significantly influenced by application of residues 
and N levels. 

•� The total N was significantly influenced by residue application compared to no residue 
treatment where sorghum stover and gliricidia loppings maintained total N at par to 
the extent of 2078 kg ha-1 and 2053 kg ha-1 respectively. Similar to available N, total N 
content in soils increased with increase in N levels and was highest at N applied @ 90 
kg ha-1 (2242 kg ha-1).     

3.19.3. Effect on Nitrogen Uptake by Castor  

•� The nitrogen content varied from 2.44 to 3.63% in castor bean, from 0.34 to 0.44% in 
castor husk and from 0.27 to 0.42% in castor stalks across the treatments. The residue 
treatments showed significant influence only on husk N whereas N levels on castor bean, 
husk as well as the stalks. Among the residues, application of both sorghum stover as 
well as gliricidia loppings significantly performed well in maintaining higher N content 
(0.40%) in castor husk compared to no residue application. 

•� The total N uptake by all the three components of castor varied from 10.7 to 41.4 kg ha-1 
across the management treatments. 

•� Tillage did not show any significant influence on the N uptake by grain husk and stover; 
residues application significantly influenced the N uptake by grain and husk while the N 
applied at various levels showed a significant influence on N uptake by all grain, husk 
and stover. 

•� The total N uptake by the whole plant varied from 10.7 to 41.4 kg ha-1 across the 
treatments and was significantly influenced only by the residues and varied N levels. 
Among the residues, both sorghum stover and gliricidia loppings significantly influenced 
the nitrogen uptake in grain. N uptake by husk and stover significantly increased with 
increase in N levels.  

3.19.4. Effect on Phosphorus Chemical Pools 

•� The effect of management treatment on phosphorus chemical fractions was studied after 
18th year of experimentation. Water Soluble phosphorus was significantly influenced 
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with application of residues alone. Al bound phosphorus was significantly influenced by 
tillage, residue and N levels, and the interaction between tillage and N levels (TxN) was 
also found to be significant. Significantly higher Al bound P (91.3 kg ha-1) was observed 
under MTGLN90

•� Application of Gliricidia loppings and Nitrogen @ 90 kg ha-1 recorded significantly higher 
Fe bound phosphorus (126.8 kg ha-1) under minimum tillage. Significantly higher Ca-P 
(39.7 kg ha-1) was recorded with application of MTGLN90, while significantly highest 
reductant soluble P was observed in MTSSN90 (120.3 kg ha-1). 

•� Significantly highest available phosphorus content (38.0 kg ha-1) and total phosphorus 
(389.0 kg ha-1) in the soil was observed with MTGLN90.

•� Al-P showed a significant positive correlation between Fe-P, Ca-P, Available -P and Total 
P. Fe-P showed a significant positive correlation between all the other P fractions. The 
RSP had a positive correlation between Fe-P, Ca-P, total P and Ava P. These correlations 
manifest the equilibrium dynamism among the P fractions.

•� The total P uptake by Sorghum crop was higher with application of Gliricidia loppings 
and N @ 90 kg ha-1(14.21 kg ha-1) under conventional tillage. A multiple regression 
between total P uptake and P fractions revealed important role of WSP, Fe-P, Ca-P 
towards total P uptake by sorghum in these soils. 

•� Significant positive correlation of sorghum crop yield of Sorghum with P fractions viz. 
WSP, Al-P, Fe-P, Ca-P, RSP highlighted the importance of these fractions towards plant 
P uptake 

•� During the year (2012), in minimum tillage at 50% flowering stage of Castor crop, residues 
and N levels significantly influenced the ammonical and nitrate N. The interaction effects 
of tillage and residues (TxR) and residues and N levels (RxN) were also found to be 
significant. 

•� At near to maturity stage of castor, minimum tillage showed significant influence on 
nitrate nitrogen (78.8 mg kg-1) over conventional tillage (57.8 mg kg-1). The interaction 
effects of tillage and residues and residues and N levels were found to be significant.

•� When CO2 fluxes were monitored in this experiment, at the time of harvest of sorghum 
crop (2011), conventional tillage (299.90 mg CO2 m

-2 hr-1) recorded significantly higher 
CO2 flux than minimum tillage (259.5 mg CO2 m

-2 hr-1).

•� When the effect of residues were evaluated, loss of carbon through CO2 emissions from 
the soil was significantly higher with application of sorghum stover (327.88 mg CO2 m

-2 
hr-1) followed by application of Gliricidia loppings (300.9 mg CO2 m

-2 hr-1). 
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•� Similarly, when the effects of fertilizer N application were monitored, higher doses of N 
(90 kg N ha-1) recorded higher CO2 flux (306 mg CO2 m-2 hr-1) compared to no nitrogen 
application (315 mg CO2 m

-2 hr-1) at near maturity stage of the crop.

3.19.5. Effect on Zinc Chemical Pools 

•� Effect of soil management treatments on soil zinc chemical pools was studied. Simple 
quantitative relationships were also worked out between plant Zn uptake vs available Zn 
as well as Sorghum yield and available Zn. 

•� The linear regression coefficients (R2) were 0.25 and 0.24 respectively. Multiple 
quantitative predictive relationships between DTPA available Zn Vs Zn fractions; Total 
Zn Vs Zn fractions and Zn uptake Vs Zn fractions were worked out. The regression 
coefficients (R2) were 0.89, 0.85 and 0.89 respectively. 

•� A multiple regression relationship between DTPA available Zn and Zn fractions revealed 
that Zn-ca, Zn-ACC, Zn-OX and Zn-Res (R2= 0.89) played important role in soil available 
Zn content. There was also a significant positive correlation between total Zn and Zn 
fractions viz., Zn-CA, Zn-PYR, Zn-OX and Zn-Res (R2= 0.85). Yield of sorghum and Total 
Zn uptake was positively correlated with DTPA- available Zn.

3.19.6. Sustainability and Profitability of Soil Management Treatments 

•� The critical analysis of long term yield data of previous years (1995-2008) was also done 
to see the effects of management treatments on sustainability, N requirement, profitability 
and B:C ratio.

•� Results reveal that on an average, CT maintained 30.4% and 57.0% higher grain yields 
of sorghum and castor, respectively over MT. Gliricidia applications performed well in 
both the crops. The highest yields of sorghum (1425 kg ha-1) and castor (876 kg ha-1) were 
recorded at 90 kg N ha-1. CT maintained higher Sustainability Yield Index (SYI) of 0.44 
compared to MT (0.38) and higher Agronomic Efficiency (AE) of 13.5 and 6.76 kg grain 
kg-1 N for sorghum and castor crop, respectively. 

•� Based on the response functions, computed using long term data the optimum fertilizer N 
requirement was found to be 45 to 56 kg ha-1 and 46 to 74 kg ha-1, for Sorghum and castor 
respectively under different tillage and residue combinations. It can be recommended to 
the farmers depending upon the soil management practices. 

•� On an average, the B/C ratio was found higher for CT (1.86) compared to MT (1.44). The 
trend of B/C ratio in case of residues was: GL (1.88) > NR (1.85) > SS (1.24). When 
averaged over other factors, a high B/C ratio of 2.04 was obtained in case of N applied 
@ 90 kg ha-1. CTGLN90 (2.52) proved superior and could be a good combination for 
recommendation. 
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•� The results of these studies would be highly useful in drawing valid conclusions on long 
term performance of soil management practices such as conventional tillage, minimum 
tillage, residue application, N application and conjunctive use of nutrients in terms of 
productivity, sustainability, agronomic efficiency, profitability and feasibility in rainfed 
Alfisol soils of this region. 

3.19.7. Effect on Profile Carbon Pools, Soil Properties and Plant Uptake 

•� After 15 years of experimentation, it was observed that under minimum tillage, application 
of residues and graded levels of N significant influenced organic C and labile C at all the 
profile depths (0-90cm) studied.

•� Minimum tillage recorded significantly higher (78.1 kg ha-1) uptake of nitrogen compared 
to conventional tillage (61.34 kg ha-1). Application of Gliricidia @ 2t ha-1 significantly 
influenced N uptake by sorghum (86.5 kg ha-1) compared to sorghum stover application 
(68.3 kg ha-1) and no residue treatment (54.3 kg ha-1). Similarly, tillage, residues and 
N levels also showed significant effect on uptake of P, K, Ca, S and micronutrients by 
sorghum.

3.19.8. Relationship between Castor bean Yield and Nitrogen Fractions 

•� Multiple regressions were fitted to establish a relationship between castor bean yield and 
N fractions. The coefficient of multiple determination (R2) varied from 0.29 (at N0 level) 
to 0.91 (Sorghum Stover @ 2 t ha-1). 

•� The predominant fractions which showed significant effect on crop yield in terms of 
partial regression coefficient were Exch. NH4

+, Amino acid N & Nitrate N across different 
components of management treatments. 

•� When all the components of management treatments (tillage, residue and N levels) were 
considered together, the order of contribution (based on the partial regression coefficient, 
ß) was: Exch. N** (ß=19.23) > hexosamine – N (ß=3.01) > Nitrate N (ß= 1.78) > 
Amino acid N (ß=0.67) > Hydrolyzable NH4- N(ß=0.39) > unidentified N (ß=0.23) 
> fixed ammonical N (ß=0.02).

•� N uptake by castor crop was significantly influenced by the simultaneous influence of 
various N fractions, with the coefficient of multiple determination (R2) varying from 0.46 
(N uptake at N60) to R2= 0.91 (N uptake with SS). 

•� Exch. NH4
+-N significantly contributed towards N uptake by castor. The NO3–N and 

Amino acid N also played an important role in contributing towards N uptake of castor. 

•� When all the soil management factors like tillage, crop residues and N levels were 
considered together, the order of contribution in terms of ß coefficients (partial 
regression coefficient) towards castor N uptake by different fraction was :- Exch. NH4 
+- N** (ß=0.862) > ß (ß =0.162) amino acid N (ß =0.039) and unidentified N(0.0009). 
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•� The value of coefficient of multiple determination was 0.820 which explained the 
simultaneous significant influence of various N fractions on N uptake in castor in these 
rainfed Alfisol soils. 

3.16.9. Relationship between Available N in Soil and Nitrogen Fractions 

•� The relationship between available N (KMnO4 oxidizable N) and different nitrogen 
fractions as influenced by different soil management factors was established (R2=0.40 
to 0.82). 

•� The potential positive contributor towards available soil N were Hexosamine N, 
Hydrolyzable NH4

+- N, fixed ammonical N across the treatments. Hexosamine N* with 
ß = 0.989 emerged as significant contributor towards available N. 

3.19.10. Relationship between Total Nitrogen in Soil and Nitrogen Fractions

•� Multiple regressions were fitted between total N as dependent variable and N fractions 
as independent variables. (R2= 0.44 to 0.84) 

•� Potential positive contributor towards total N was: Exch. NH4
+- N, Hydrolyzable NH4- 

N, fixed ammonical N & unidentified N across the soil management treatments. 

3.19.11. Simple (Linear) Quantitative Predictive Relationship 

•� Simple quantitative relationships were also worked out between Total N uptake vs Total 
Hydrolyzable N, Total N uptake vs available N, available N vs Total hydrolysable N & 
Total N vs Total hydrolysable N. 

•� The linear regression coefficient (R2) of these relationships varied from 0.2 (total N uptake 
vs available N) to 0.67 (Total N vs Total Hydrolyzable N). 

•� From these simple functions, it was understood that Total Hydrolzable N played an 
important role in contributing towards Total N uptake by castor crop, soil available N 
and Total N in soil. 

3.19.12. Inter Correlation between Different N Fractions 

•� Exch. NH4
+- N showed significant correlation with all the N fractions. The magnitude of 

correlation coefficient varied from 0.306 (available N) to 0.756 (Total hydrolyzable N). 

•� Nitrate N also showed significant correlation with all the other N fractions studied (0.433 
(unidentified N) to 0.680 (Total hydrolyzable N)).

•� Total hydrolyzable N showed significant correlation with all the N fractions studied 
(0.472 to 0.859 ). 

•� Similarly, hydrolyzable NH4– N, Hexosamine N, amino acid N, available soil N, fixed 
ammonical N and Total soil N also significantly correlated with all the N fractions 
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•� Beside inorganic N fractions, some of the Hydrolyzable and unhydrolyzable fractions 
also play a significant role in plant N uptake, available N and total soil N. Hence, building 
up of N in these pools by following appropriate soil and nutrient management practices 
should be the prime strategy in improving the nitrogen economy in tropical soils. 

•� The significant positive association between different N fractions in this study indicates 
the dynamic relationship between the fractions. Further, these results also indicate the 
significant contribution of Hydrolyzable N and unhydrolyzable N fractions towards N 
availability pool. 
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