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Abstract

A large extent of salt-affected land in the world provides both challenge

and opportunity to bolster food security and sequester carbon after recla-

mation. Sustainable management of salt-affected soil for productive agri-

culture is a key to the prosperity of farmers in these areas. It also boosts

expensive initiatives to further reclaim severely affected salty lands cur-

rently lying barren. Managing fertility of salt-affected lands sustainably

requires persistent efforts in maintaining good soil health. Good soil

health presents minimum damage to an ecosystem without affecting its

services. Maintaining good soil health guarantees flushing of excess salts

from soil, proper hydraulic functions of soil profile, and sufficient and

timely availability of nutrients for plant growth. These characteristics

favor good plant growth and productivity under salt-affected

environments. Based on long-term research experiments, a set of six

principles to sustainably manage salt-affected soils for agricultural use

is proposed here. The principles address the issues encountered in manag-

ing fertility in salt-affected areas in general and also hold good in general

for crop fertility management. These principles address resource and

energy conservation issues, nutrient budgeting, precision application,

environmental losses, and economics of soil fertility management for

productive agriculture.

Importance of Soil Health

Soil is a complex system which is made up of

multiple components and is multifunctional with

definite operating limits and a characteristic spa-

tial configuration (Kibblewhite et al. 2008). It is

an important and essential component for agri-

cultural production and environmental quality at

global level (Glanz 1995). Deterioration of soil

fertility is causing threat to soil quality and
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sustainable development of agriculture. Soil

quality is an integrative indicator of environmen-

tal quality, (NRC 1993; Monreal et al. 1998),

food security (Lal 1999), and economic viability

(Hillel 1991), and hence it is an unignorable

aspect by any consideration. A soil with proper

availability and discharge of water, good

biological activity, and plenty of nutrient supply

is regarded as that of good health (Table 1). The

Soil Science Society of America (1997) has

defined soil quality as “The capacity of a specific

kind of soil to function within natural or man-

aged ecosystem boundaries to sustain biological

productivity, maintain environmental quality,

and promote plant and animal health.” Suste-

nance of good soil quality is challenging yet

necessary in the present scenario of intensive

agriculture and fast economic development

(Doran and Parkin 1996). With the growing

food demand, no doubt, intensive agriculture

has increased the food production, yet, at the

same time, it has led to nutrient imbalance, par-

ticularly micronutrients, unnecessary fertiliza-

tion, soil pollution, water-related problems, and

decreased soil health. These activities have

caused second-generation problems with the

mining of 10 million tons of nutrient per year,

leaving soil in a condition of nutrient deficiency,

decreased carbon accumulation, and impaired

soil health. Increasing population and increased

load on exhausting resources and decreasing

environmental quality have threatened those nat-

urally occurring processes that endure the life on

earth (Costanza et al. 1992; Postel 1994). Thus,

soil health is an integrative property of soil and is

very sensitive to agricultural activities, crop

production, and ecology of the system. There-

fore, it is highly relevant to sustainable agricul-

ture. In ecology, soil health is defined as the

relationships of biological interactions, nutrient

cycling, organic matter assimilation, and/or

plant-animal interaction (Johnston and Crossley

2002). Such processes are highly sensitive to

frequency and intensity of agricultural

interventions that have significant effect on soil

physicochemical properties and ultimately the

soil health.

Conventional agricultural practices like till-

age operations, fertilizer use, cropping pattern,

and other agronomic aspects have significant

influence on soil and water quality. Soil manage-

ment is crucial to all management practices car-

ried out. Still, there are several reports suggesting

degradation of agricultural soils due to erosion,

loss of soil carbon and organic matter, soil com-

paction, increased salinity, and other related

activities (European Commission 2002). Assess-

ment of soil health and its quality is necessary to

evaluate the degradation status and its severity

with changing land use and management

operations (Lal and Stewart 1995). Correlating

soil health with the direction of change with time

may be used as a pointer for any sustainable land

management (Doran and Zeiss 2000; Karlen

et al. 1997). Main responsible causes for degra-

dation of soil health and soil quality in Asia are

nutrient imbalance, excessive fertilization, soil

pollution, and soil loss processes (Zhang

et al. 1996; Hedlund et al. 2003). Deficiency of

nitrogen, phosphorous, and potassium is more

common worldwide and requires serious concern

for soil management and fertility improvement.

Table 1 Potential indicators of soil quality

Physical Chemical Biological

Soil type Optimal pHa Organic matter

Aggregation and structurea Nutrient holding capacity Microbial biomassa

Aeration and compaction CECa Diversity, i.e., macro- and microfauna

Soluble salts Roots

Water infiltration and retentiona Redox potential Nutrient cyclinga

Surface sealingb Nutrient availabilitya Low pest numbers

Soil stabilitya Low level of toxicity Ability to suppress disease
aSuggested as soil quality indicators by Bhardwaj et al. (2011)
bSuggested as important parameter related to clay mineralogy by Bhardwaj et al. (2010)
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Conventional management practices, viz., till-

age, fertilizer use, and most importantly cropping

pattern, have influenced soil and water quality.

Besides, these activities also significantly affect

the atmospheric equilibrium by affecting the

gaseous flow of greenhouse gases like CO2,

N2O, and CH4 (Rolston et al. 1993; Mosier

1998). It is important to maintain the balance

between various soil productivities, environmen-

tal quality, and plant health. To achieve this

equilibrium, it is imperative to go for sustainable

cultivation techniques. Thus, sustainable agricul-

ture enhances environmental quality after long-

term implementation, helps in the sustenance of

economic viability of natural resources, and

thereby improves the quality of farmer and soci-

ety as a whole (Schaller 1990). It is generally

used as an indicator to the soil capacity to sustain

biological productivity by maintaining plant and

animal health without hampering environmental

quality (Doran and Zeiss 2000). Soil quality is

directly linked with the management practices

applied and other factors of ecosystems

(Schoenholtz et al. 2000; Freckman and Virginia

1997). In general, the indicators for soil quality

and health revolve around the physical,

chemical, and biological properties defined in

an ecosystem. Other criteria are sensitivity to

management, climate, and accessibility to con-

servation specialists (Doran and Parkin 1996;

Karlen et al. 2008; Dexter 2004).

Essential Components of Healthy Soils

Soil component, in general, includes all those

factors which have impact on soil health. As

illustrated in Fig. 1, components ultimately affect

the soil health and govern the ecosystem for its

sustainability. Soil components are broadly clas-

sified into five components: soil minerals, soil

organic matter, soil air, soil water, and soil

organisms. Among the various components of

soil, soil organic matter is defined as the most

important component of soil. It is plant litter,

debris, and humus on which microorganisms

flourish. A soil rich in organic matter gives suffi-

cient substrate to soil organisms to act upon. Soil

microorganisms are responsible for organic mat-

ter decomposition and mineralization of nutrients

contained in it. This is also a nature-provided

way to remove all toxins and wastes from an

ecosystem. However, this decomposition is

dependent on various other factors such as soil

moisture, temperature, pH, and quality of the

substrate material of which the organic matter is

made up (Lavelle et al. 1997). A soil rich in

humus, mainly humic acid and fulvic acid, is

congenially supportive to healthy plant growth

and virtuous nutritional quality of the harvest

(Pettit 2006). Soil organic matter has significant

effect on soil pH and thus the soil structure. The

soil structure results from the balance between

compaction (by machine and soil weight) and

buildup of soil aggregates by compaction or any

other means of fauna and climate and breaking of

aggregates due to tillage activities (Roger-

Estrade et al. 2000). The process which is respon-

sible for these aggregate functions like carbon

transformation, nutrient cycling, and water reten-

tion properties is interlinked with the functions of

soil organisms (Lavelle et al. 1997; Swift

et al. 2004). Soil is also responsible for a number

of environmental processes such as regulation of

carbon, nitrogen, and sulfur fluxes which are

maintained by decomposition of organic matter

by soil microbes (Foster 1988). The size and

distribution pattern of soil aggregates decides

and regulates the transport and diffusion mecha-

nism of gases (Powlson et al. 2001). Microbial

Fig. 1 Physical, chemical, and biological components of

a healthy soil
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decomposers and other detritivores together reg-

ulate the rate of microbiological decomposition.

They ensure release of nutrients and also have

great influence on soil microbial population

(Coleman and Hendrix 2000). Soil pH and

amount of natural organic matter accumulated/

incorporated at a given time are main governing

factors for the continually occurring decomposi-

tion process.

Salt-Affected Soils

The main sources of salt deposition/accumula-

tion in soils are weathering, runoff water, and

accession. However, in India, the problem of

salt-affected land is generally irrigation induced,

thus covering a large area over naturally occur-

ring salt-affected soils. Salt-affected soils are

either saline or sodic in nature. Saline soils

refer to the soils having electrical conductivity

more than 4 dS m�1, whereas sodic soils are

characterized by high exchangeable sodium per-

centage above 15. Based on FAO/UNESCO Soil

Map of the World, a total of 831 Mha covering

about 7–8 % of the surface area is suffering from

this problem (FAO/AGL 2000). It is estimated

that in India, about 6.75 Mha of land is barren or

less productive due to being salt affected

(Table 2), out of which 3.79 Mha is sodic and

2.96 Mha is saline (Mandal et al. 2010). This area

is expected to increase due to canal irrigation that

enhances the waterlogging and salinity of soil.

Out of total affected area, 1.37 Mha land is

spread over in Central Indo-Gangetic Plain

(Uttar Pradesh). Besides geogenic development,

salt-affected soils also result from changes in

water balance with salt accumulation at surface

or within the soil profile following the erosion

and exposing it to the atmosphere (West

et al. 1994).

Sodic soils have abundance of sodium carbon-

ate, bicarbonate, and sulfate, which stimulate

various kinds of processes in these soils. The

soils usually show poor hydro-physical

properties. Sodicity generates structural

constraints in the soil that cause slaking and

dispersion when the soil is wet and excessive

hardness on drying. In the soil profile, the level

of native soil organic matter is very less due to its

high solubility, decomposability, and accessibil-

ity within the soil system (Tisdall and Oades

1982). As an adverse effect of poor soil physical

and chemical conditions, the organic carbon

Table 2 Extent of salt-affected soils (000 ha) in different states of India

State Saline soils Sodic soils Total

Andhra Pradesh 77.6 196.6 274.2

Andaman and Nicobar Islands 77.0 0 77.0

Bihar 47.3 105.9 153.2

Gujarat 1680.6 541.4 2222.0

Haryana 49.2 183.4 232.6

Jammu and Kashmir 0 17.5 17.5

Karnataka 1.9 148.1 150.0

Kerala 20.0 0 20.0

Madhya Pradesh 0 139.7 139.7

Maharashtra 184.1 422.7 606.8

Orissa 147.1 0 147.1

Punjab 0 151.7 151.7

Rajasthan 195.6 179.4 375.0

Tamil Nadu 13.2 354.8 368.0

Uttar Pradesh 22.0 1347.0 1369.0

West Bengal 441.3 0 441.3

Total 2956.9 3788.2 6745.1 (say 6.75 Mha)

Adapted from Mandal et al. (2010)
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remains �1 gm kg�1. Presence of high sodium

on exchangeable sites directly affects the plant

growth (Gupta and Abrol 1990). Presence of salts

in the soil solution raises the osmotic potential of

it and makes the water physiologically unavail-

able to the plants. This may further cause defi-

ciency of several other essential micronutrients.

At high pH, nitrogen volatilization also takes

place at higher rates (Gupta and Abrol 1990;

Grattan and Grieve 1999), while presence of

chloride limits the uptake of nitrate (Grattan

and Grieve 1999). All these activities cumula-

tively affect the plant growth and yield (Fig. 2)

by affecting its physiological and biochemical

functions (Lauchli and Epstein 1990; Rengasamy

et al. 2003). However, the nature and severity

depends on several other factors like topography,

hydrology, drainage, land use, and climatic

conditions (Yadav 2011). High sodicity causes

high dispersion of soil as clay particles move

apart and weaken the aggregate structure. This

leads to soil structural collapse and closing of

soil pores resulting in hard surface crusts. Pres-

ence of hard pan of calcium carbonate in the

deeper root zone also restricts downward move-

ment of both water and roots. These soils are

characterized with high bulk density and very

poor hydraulic conductivity. The sodic soils

reduce the productive potential of arable lands

to nearly one third of their capacity all over the

world. However, the severity of the problem is

dependent on several other factors as well.

Health and Fertility Constraints
in Salt-Affected Soils

Intensive agriculture, in the present scenario of

increased industrialization and urbanization, has

given rise to large-scale degradation to soil qual-

Fig. 2 Multiple abiotic stresses in salt-affected soils
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ity of highly productive areas. This was at its

highest during green revolution period and even

after that it continues to degrade the soil health.

Injudicious exploration of resources from soil

ecosystem has created the problem of soil salin-

ity. Soil salinity brings the changes to soil struc-

ture and causes nutrient deficiencies. It has now

become a menace, all across the world, which

has severe effects on agricultural productivity

and livelihood security. Farmers continue to

explore the soil natural resources to fulfill their

food and fiber needs. Conventional tillage

practices and imprudent use of inorganic

fertilizers have significant effect on functioning

of soil system (Doran and Parkin 1996; Guerif

et al. 2001). According to an estimate, about

5.6 mha area is salt affected out of the total of

8.6 mha (NRAA 2008) that is being developed in

canal command areas. Salt accumulation is a

threat to plant life. Sodic soils restrict the growth

of plant and its productivity. Severity and nature

of the effects of sodicity is also dependent on

various other factors like topography, hydrology,

climatic conditions, drainage restrictions, and

land use (Yadav 2011). Salt-affected soils

develop due to changes in water balance of the

soil with excessive salt accumulation in soil pro-

file that get exposed to the atmosphere after the

erosion of the upper layer (West et al. 1994). The

dispersion of clay particles results in formation

of surface crusts, weakening of soil aggregates,

and closing of soil pores which cause structural

collapse.

Rice-wheat (RW) cultivation is a common

and established cropping practice in India. The

cultivation techniques used for RW system are

very old. They cause deterioration of soil struc-

ture and influence the soil water relations. These

cultivation practices leave the soil with poor

physical condition for crop growth by limiting

root development and its distribution (Sur

et al. 1981; Boparai et al. 1992; Oussible

et al. 1992). Rice is cultivated through wet culti-

vation method. Puddling activity done during

this method reduces the water holding and trans-

mission capacity of soil (Bhagat et al. 2003).

Also flooding is maintained in field which causes

loss of essential nutrients and decreases their

availability to the plants due to the creation of

anaerobic conditions. Flooding significantly

affects the soil pH. Also, the process of

nitrification-denitrification and phosphorous

availability get influenced by the water stagna-

tion particularly in oxisols, vertisols, and alluvial

soils (Singh 2009). Iron and manganese toxicities

with zinc are very common due to the prolonged

submergence of soil (Neue and Lantin 1994;

Savithri et al. 1999; Singh 2009). Decrease in

zinc availability is an unescapable disorder of

wetland rice which is very common in soils

with high pH, high organic matter, high available

P or Si content, and high Mg/Ca ratio apart from

the soils with low level of zinc (Ponamperuma

and Deturck 1993). Wheat sowing is a general

practice after rice harvest which is commonly

done by deep tilling of soil. Rice soil takes

much time to attain the desired moisture level

for tillage and sowing. This is the main reason for

delay in wheat planting. Preparation of field for

wheat sowing requires much time and energy,

and if the seed is not planted within the desired

tilth, it results in weak seedling growth and poor

crop stand (Kumar et al. 2012). Delayed planting

of wheat is also responsible for low productivity

of wheat. Wheat germination, seedling develop-

ment, crop establishment, and grain development

are crucially temperature-dependent processes

(Jame and Cutforth 2004). Thus, late-sown

wheat tends to face temperature variations at

different growth stages and get adversely

affected. Shortening of the phyllochron interval

(Cao and Moss 1994) and terminal heat stress

during grain filling of wheat (Bashir et al. 2010;

Farooq et al. 2011) are the common effects of

temperature on wheat growth and its productiv-

ity. RW cropping system is highly nutrient

exhaustive, and continuous cultivation causes

depleted fertility of inherent soil by causing defi-

ciency of several essential nutrients (Zia

et al. 1997).

Increasing demand of food and fiber has

forced the farmers to over-explore the natural

resource of soil. For this, application of fertilizers

is a widespread practice to increase the yield in

India. Traditionally recommended dose of nitro-

gen (N), phosphorous (P), and potassium (K) is
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trial based and varies from field to field (Moody

and Aitken 1996). Injudicious use of NPK

fertilizers is detrimental to soil health (Carpenter

et al. 1998) because it does not increase the

nutrient uptake by plants (Smaling and Braun

1996). However, it contributes the low use effi-

ciency of the excessively applied fertilizers and

other associated factors of leaching, evaporation,

and volatilization of nutrients (Tilman 1998;

Gyaneshwar et al. 2002; Kennedy et al. 2004).

Chemical fertilizers affect the salt solubility of

soil and affect its pH of soil and soil structure by

affecting soil aggregates. Variation in soil pH

also influences the biological properties of soil

that are ecologically important to maintain soil

fertility. Alteration in soil health significantly

alters the ecosystem capability of restoration of

the damage. Sustainable development is, thus,

the need of today’s scenario that causes no or

minimum damage to natural resources.

A good soil health represents minimum dam-

age to the ecosystem without giving up its

services. Soil quality is being conceptualized as

an important linkage between the strategies of

conservation management practices and achieve-

ment of the major goals of sustainable agriculture

(Acton and Gregorich 1995; Parr et al. 1992).

The processes that contribute significantly to

the maintenance of the soil health include bal-

anced nutrient flow, protected soil structure, and

high activity of soil biological population. All

this needs practices that are sustainable to oper-

ate and easy to maintain in practice.

Six Principles of Effectively Managing
Fertility of Salt-Affected Soils

Principle 1: Thumb Rule, What Goes Out
Should Come In

Intensive agriculture is causing overexploitation

of the nutrients from soil. Continuous cropping

of rice-wheat is also a reason for depletion in

nutrient status of soil. The availability of any

nutrient which is required and its interaction

with other soil properties are vital to plant

growth. A sustainable practice is required to

maintain the equilibrium between the nutrient

status of soil under continuous cropping and its

physicochemical and biological properties.

Maintenance of this equilibrium is also very

essential for proper functioning of the soil eco-

system (Fig. 3). This helps in preserving soil

organic carbon, physical properties and mineral

structure of the soil, and also the soil biodiversity

with the balance between soil pathogens and

beneficial microbes.

The availability of required nutrients together

with the degree of interaction between these

nutrients and the soil plays a vital role in crop

development. Understanding of the status of

nutrients in soil, their removal, and resulting

balance is important to fill the nutrient gap and

preserve the soil health to ensure the food and

nutritional security of present and future

generations (Satyanarayana 2010). Balance

between soil function for its productivity, envi-

ronmental quality, and plant and animal health is

crucial for optimal soil health.

Soil organic matter plays a crucial role in

maintaining/rebuilding the soil health as it is a

continuous energy source to soil organisms.

However, it is also getting depleted due to

Fig. 3 Equilibrium establishment between output and

input of resources
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increased disturbance and overexploitation

(Pettit 2006). Soil organisms help in maintaining

good soil structure by converting organic matter

to humus that remains cemented with clay

particles. The clay-humus complex also helps

substantially in transforming organic molecules

into mineral elements that are readily available to

plants. During the plowing and tilling activities,

these cemented materials are broken down and

provide greater surface area to microbes to act

upon. Increasing organic matter input will

increase the microbial activity and will increase

the labile carbon pool of soil (Herrick and Wan-

der 1998) by creating a positive impact on nutri-

ent status and water infiltration properties of soil

(Monreal et al. 1998). Implementation of

techniques that are efficient in maintaining the

balance between fertility buildup and fertility

depletion status of soil is highly appreciated in

the concept of sustainable agriculture. The

influencing factors include recycling of crop

residues, nutrient supply and retention by green

manuring, composting, nitrogen fixation by

legumes, crop rotation, intercropping, and

reduced tillage (Kumwenda et al. 1996;

Bruce et al. 2005; Jones 2006; Seis 2006). The

ability of leguminous species for nitrogen fixa-

tion along with tree plantation is also a part of

strategy to sustain soil fertility and reduce agri-

cultural losses (Nair 1993; Sanchez and Leakey

1996; Dakora and Keyaz 1997). These practices

significantly add carbon and nitrogen to the soil

and enhance the microbial activities of soil.

Reduced or zero-tillage systems are effective

crop management practice that attains increased

food production per unit area with improved

natural resource use efficiency and without any

significant damage to the environment.

Principle 2: Adjusting the Nutrient
Budget

Nutrient budgeting is an important consideration

while managing the soil health and is becoming

internationally recognized strategy for sustain-

able land management. It is well known that

different agricultural activities cause loss of

essential soil nutrients like N, P, and

K. Nutrient budgeting covers all the factors that

relate to the nutrient requirement of crops, nutri-

ent status in soil, and also their concentration

added through fertilizer application. Cultivated

soils are prone to nutrient loss not only due to

crop harvest but also because of some other envi-

ronmental factors of soil erosion, runoff, and

leaching. At the same time, mining of nutrients

through cultivation is also not less significant

(Sanchez and Leakey 1996). Quantitative knowl-

edge of nutrient depletion is desirable to get an

immediate idea about the trend of soil degrada-

tion. This will help in deriving the strategies for

nutrient management in soil as it varies from soil

to soil and crop to crop.

Nutrient input includes fertilizers, crop

residues, organic manure, etc., whereas output

includes nutrient removed as a plant harvest,

grazing, emission loss, soil loss, etc., as shown

in Fig. 4. To get a good soil health, the degrada-

tion of soil through nutrient loss must be

replenished with nutrient supplementation in a

planned manner (Subler and Uhl 1990; Nene

1996; Fischer and Vasseur 2000; Kwesiga

et al. 2003). It involves intensive soil testing

and matching it with the rate of nutrient applica-

tion in chemical or organic form as per the

requirement by the crop to be grown (O’Connor

1996). The use of available crop and soil models

to calculate the nutrient levels in soil, leaching

rate, uptake, and transformation has proved to be

significant while planning for nutrient manage-

ment (Bhardwaj and Srivastava 2013). Develop-

ing a fail-safe nutrient budgeting requires

accurate data regarding nutrient input, its trans-

formation or cycling, and output data, failure of

which will imbalance the soil ecosystem as

oversupplementation of nutrients without proper

budgeting can also be a potential cause of

increased nutrient loss. Thus, the accuracy of

data estimation and assumptions is crucial for

the accuracy of calculating nutrient budget. Cor-

relation of nutrient budget with the data of soil

and crop helps to study the nutrient cycle and

thereby in calculating the optimum required dose

of fertilizer for any crop and developing a nutri-

ent management plan (Neeson 2001).
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Principle 3: Regulation of Flows

Water management will play an important role in

lowering the production risk associated with

chemical fertilizer use. When the amount of irri-

gation water exceeds the crop requirement, it

leaches down the root zone with nitrate, applied

through fertilizers, causing soil and ground water

pollution, particularly in developed countries

(Conway and Pretty 1991; Bumb and Baanante

1996; NRC 1993). Water management, there-

fore, is an important part of nitrogen manage-

ment in irrigation to prevent nitrate leaching.

Fertigation, a common practice in modern agri-

culture (Papadopoulos 1988), involves the use of

water-soluble fertilizers through sprinklers and

drip. This method has been found to increase

the yield of seed cotton up to 22 % and enhance

water use efficiency as much as 93 %, based on

dry matter yield (Janat and Somi 1997). The use

of crop models in automation of irrigation sched-

uling would add to water and fertilizer use effi-

ciency (El Moujabber and Bou Samra 2002).

Poor drainage also causes associated problems

of waterlogging, salinity, and toxicity, leading

to water pollution mainly due to inappropriate

irrigation. About 24 % of irrigated lands have

been affected with salinity problems.

In semiarid areas, nutrient inputs need to be

planned in combination with water harvesting

and conservation plans (Dudal 2002). Adopting

a zero-tillage cultivation practice with residue

application helps in conserving soil moisture

and prevents soil erosion (Kumar et al. 2012).

Further, in the cracked soils in water-scarce

areas, management of irrigation and soil plays

an important role to reduce water losses (Islam

and Weil 2000) as cracks do not get closed

completely after rewetting, causing high loss of

water which can be minimized using straw mulch

by reducing evaporation from soil surface

(Hundal and Tomar 1985). However, approaches

toward conservation of soil moisture like use of

crop residue (Fig. 5) and organic manure and

development of water conservation strategies

require exploring of the potential of agronomic

practice for fertilizer use (Dembele and

Savadogo 1996). Increasing the water use effi-

ciency, particularly for rice-based yielding

systems, using crop management techniques

Fig. 4 Export and import

of essential nutrients in a

soil ecosystem
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with emphasis on irrigation technologies, needs

to be dealt with in combination with genetic

improvement (Tran 1994).

Although some problem caused by past irriga-

tion management plans increased real capital

cost for erection of new irrigation systems and

environmental problems such as secondary sali-

nization, it has reduced the inclination toward

further irrigation investment (Rosegrant and

Svendsen 1993; Rosegrant and Pingali 1994).

But despite the problems, this area cannot be

left ignored and needs attention for maintenance

of soil health and improvement in crop

production.

Principle 4: Precision Application

Application of fertilizer should be aimed at using

correct requirement dose depending upon the

crop need and also on agroclimatic conditions.

Finding the appropriate dose and area of fertilizer

use before its application would make it cost

effective and help in enhancing the productivity.

For this, it is essential to assess the soil quality

keeping in view the degradation status and its

trend, caused by various interventions of land

use and planning (Lal and Stewart 1995).

Evaluation of soil quality with a review of soil

genesis before making any implementation of

plan is important for the success of any scheme.

The assessment of soil quality will help in

planning the nutrient management plans on

short- and long-term basis. Soil quality is

indexed using different abiotic or biotic tests.

Abiotic tests include analysis of physicochemical

characteristics of soil such as pH, CEC, organic

matter content, and nutrient status. Biotic tests

comprise community composition of function-

ally important groups of organisms that indicate

the health of soil system (Kibblewhite

et al. 2008). The challenge involved in this is to

develop the standards for assessing the changes

that should be realistic, approachable, and of use

to the farmers (Barrios and Trejo 2003). It is also

necessary for farmers to develop knowledge

about the organic fertilizers, use of advanced

pest management techniques, and adopting

high-yielding crop varieties with adequate water

supply (Kumwenda et al. 1996).

Identification of problematic areas helps in

monitoring the changes required in agricultural

management plan to raise a sustainable and

environment-friendly practice and provide assis-

tance to government agencies in formulating and

implementing land use policies (Granatstein and

Fig. 5 Retention of crop

residues in crop rotation

enhances soil quality

(Bhardwaj et al. 2011)
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Bezdicek 1992). However, periodic observations

are essential to identify the status of soil at dif-

ferent stages after implementation of manage-

ment plant to enhance its efficiency

management (Karlen et al. 2008). This is for the

reason that soil properties are sensitive factors in

the implementation of management plans

(Brejda et al. 2000). Lands facing problems of

waterlogging, erosion, and high water table

should be left without nutrient application so as

to minimize the wastage of fertilizers.

Principle 5: Timing the Application

Apart from the selection of the area to be brought

under judicious use of fertilizers, timing of appli-

cation also plays an important and effective role

in enhancing the yield potential of crop and effi-

ciency of management practice. It is aimed to

enhance the use efficiency by the crop raised

(VDCR 2005). Application of fertilizers, partic-

ularly N supplied in splits, has been found to be

highly effective for crop rather than supplying

them in a single application. Management of

irrigation schedule with fertilizer supply has

also proved to be an effective strategy (Fig. 6).

Avoiding the application of fertilizers prior to

heavy rainfall or irrigation would result in pre-

vention of wastage from leaching.

Principle 6: Economics
and Environmental Considerations

Profitability of any applied input is assessed in

terms of cost-benefit analysis. Hence, nutrient

management plans should invariably include

economic consideration taking account of cost

and savings. Farmers may get higher yield after

fertilizer application, but increased yield may

have less market value in terms of cost-benefit

ratio. A practice may be economically viable but

may enhance the nutrient discharge into the envi-

ronment, but a plan based on soil test-based

recommendations may be more cost effective.

Soil test data may help in development of a

management plan and also for the improvement

of plant and soil health. Deciding the fertilizer

dose according to the plant requirement also

trims down the input cost and causes minimum

damage to the ecosystem. The use of organic

fertilizer sources in combination with inorganic

fertilizers or changing the cropping pattern not

only rationalizes the input cost but has also been

found to improve soil health. Switching to rice-

lentil or rice-wheat-mung bean system gave

higher initial profit, but rice-wheat-Sesbania sys-

tem was found profitable in the long run with

positive effect in soil health (Ali et al. 2012).

These considerations may help ecosystem resto-

ration as well as in raising income of the poor

Fig. 6 Management of

irrigation schedule with

fertilizer application

improves nutrient use

efficiency (In frame:

Management of fertilizer

with low energy water

application (LEWA)

method resulted in

enhanced nutrient

availability as monitored

using ion exchange resin

strips)
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people and contribute to social and economic

development (UN 2003). Adaptation of zero-

tillage technology (Fig. 7) is not only a time-

saving technique but also an energy-saving as

well as eco-friendly technique as it reduces the

emission of greenhouse gases (Smith et al. 1998;

Chauhan et al. 2000) Crop yields under zero

tillage may be equivalent or little less than

those of conventional practice, but it is cost

effective as it lowers the cost of cultivation

(Singh and Kaur 2012).

Conversely, a nutrient management plan may

have a conflict between economic and environ-

mental issues related to soil health (Rapport

et al. 1997). Supplementation of essential

nutrients to the plants may increase their entry

to system and alter the equilibrium of soil eco-

system. Thus, any nutrient management plan

should have socioeconomic impact in consider-

ation before its implementation. Educating peo-

ple about the site-specific soil quality will help in

maintaining the socioeconomic benefits of a

management plan, as it would help in under-

standing the plan and minimizing the loss of

resources as well. However, the assessment of

input and output cost, whether in terms of

resources or financially, is important to evaluate

the sustainability of any practice and will

increase our dependency on using renewable

sources (Doran and Zeiss 2000).

Conclusion

Soil ecosystem provides a range of services to

human beings. But over-exploitation of the

related natural resources is causing depletion in

the fertility and health aspects of soil. Conven-

tional practices of tillage and irrigation are hav-

ing deteriorating effects on soil structure and

health. Shifting toward zero tillage and conser-

vation tillage has been found to have favorable

effects on aggregate stability, soil organic matter

content, and moisture conservation. These

practices also decrease fluctuation in soil temper-

ature, reduce the risks of soil erosion, and

enhance the activities of living organisms of

soil. Basic idea behind this is to maintain the

balance between output and input in soil ecosys-

tem. Continuous use of inorganic fertilizers may

cause decline in soil health and crop yields.

Integrating nutrient management plan is an eco-

nomically and ecologically friendly program that

uses organic fertilizers like compost and other

organic manures with inorganic fertilizers in an

integrated manner to sustain high productivity.

Fig. 7 No-till planting of

wheat after rice harvest
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Computation of nutrient budget to decide the

quantity of fertilizer to be applied has come up

as an economically and ecologically successful

strategy in reducing fertilizer loss. Assessment of

soil quality for finding the area of nutrient defi-

ciency needs to be adopted on priority basis. This

would serve as an indicator of soil health when

planning for integrated and sustainable land man-

agement. Targeted, efficient, and adequate appli-

cation of fertilizers is necessary to maximize

their potential of influencing crop yield and

minimizing the environmental pollution. All

these plans need to be supported through proper

policies, processes, and responsible bodies for

implementing them practically.
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