Int. J. LifeSc. Bt & Pharm. Res. 2014

R K Naresh et al., 2013
ISSN 2250-3137 www.ijlbpr.com
Vol. 3, No. 1, January 2014
© 2014 IJLBPR. All Rights Reserved

Review Article

CONSERVATION AGRICULTURE FOR SMALL
HOLDER IRRIGATED FARMING: OPPORTUNITIES
AND CONSTRAINTS OF NEW MECHANIZED
SEEDING SYSTEMS: A REVIEW
R K Naresh1*, Raj K Gupta2, A K Misra3, Dipender Kumar4, Vineet Kumar1 and Vikas Kumar5

*Corresponding Author: R K Naresh  r.knaresh@yahoo.com

Small holder farmers in irrigated agriculture believe that soil tillage is needed to maximize crop
yields. However, as cropping intensity, and hence tillage intensity increases, there may be a
decline in particular physical, chemical and biological properties of the soil which limit crop yield.
Shortage of mechanized options suitable for small holder farmers is creating an impediment to
the adoption of conservation agriculture practices that would arrest the decline in soil quality in
their fields.In North western India, 30-35 hp four-wheel tractors are replacing animal-drawn
ploughing in small holder plots. This speeds the tillage operation and hence the turn around time
between crops, which may increase opportunities for crop intensification, but the problems
associated with full tillage remain. Over the previous decade planter attachments to four-wheel
tractors have been developed which permit seed and fertilizer placement with minimum to zero
tillage in a single-pass. Recent tests have demonstrated that use of these implements can
produce crop yields equal to or better than conventional tillage involving hand broadcasting of
seed and fertilizer. Further, fuel and labor costs, seed and fertilizer inputs and turnaround time
between crops can be reduced.In north western India, the introduction of customer hiring tractor
operated rippers and direct seeders, originally developed for small-scale farmers is considered
as a major breakthrough to small-scale farmer mechanization. Experience shows that farmers,
researchers, service providers and machinery manufacturers need to be linked within an
innovation system that fine-tunes equipment and crop management while strengthening local
institutions. Tools and concepts are now available to implement conservation agriculture for
small holders and thereby increase profitability of their cropping practices and at the same time
improve soil quality and sustainability of their livelihoods. However, much more adaptive research
and on-farm evaluation is needed across a diverse range of soils, cropping systems and agroecological regions to bring conservation agriculture to more small holders.
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INTRODUCTION

and Chile and 0. 03 million in Uruguay (Marquez
and Ramos, 2010). These farms cover
approximately 125 million hectares of land, with
an average of 24 ha per farm. However, there is
considerable variation in average size of family
farms among these countries:8 ha in Paraguay,
20-30 ha in Brazil and Chile, and over 100 ha in
Argentina and Uruguay. The overall trend in Asia
has been that of declining farm size over time.
For example, in China farm size decreased from
0. 56 ha in 1980 to 0. 4 ha in 1999 (Fan and ChanKang, 2003); in Pakistan it declined from 5. 3 ha
in 1971-73 to 3. 1 ha in 2000;in the Philippines
the average farm size fell from 3. 6 ha in 1971 to
2 ha in 1991;and in India it declined from 2. 2 ha
in 1950 to 1. 8 ha in 1980, to 1. 4 ha in 1995-96
and to1. 33 ha in 2000-01 (Nagayets, 2005;
Government of India, 2008).

Small farms, also known as family farms, have
been defined in a variety of ways. The most
common measure is farm size:many sources
define small farms as those with less than 2 ha
of crop land. Others describe small farms as
those depending on household members for most
of the labor or those with a subsistence
orientation, where the primary aim of the farm is
to produce the bulk of the house- hold‘s
consumption of staple foods (Hazell et al. , 2007).
Yet others define small farms as those with limited
resources including land, capital, skills and labor.
It is estimated that about 87% of the world‘s 500
million small farms (less than 2 ha) are in Asia
and the Pacific region (IFPRI, 2007). China and
India alone account for 193 million and 93 million
small farms, respectively. Three other Asian
countries with a large number of small farms are
Indonesia (17 million), Bangladesh (17 million) and
Vietnam (10 million). Agriculture in Asia is
characterized by smallholders cultivating small
plots of land. The average size of operational
holdings (actual area cultivated) is only 0. 5 ha in
Bangladesh, 0. 8 ha in Nepal and Sri Lanka, 1. 4
ha in India and 3. 0 hectares in Pakistan. About
81% of farms in India have land holdings of less
than 2 ha, whereas their share in total cultivated
area is about 44% (NCEUS, 2008). In China 95%
of farms are smaller than 2 ha. A recent study in
six countries of Latin America and the Caribbean
(Brazil, Chile, Colombia, Ecuador, Mexico and
Nicaragua) estimates that there are 11 million
family holdings that account for 30% and 60% of
the total agricultural and forest area respectively,
with a related population of about 50 million
persons, or 14% of the total population (FAO/IDB
2007). There are 4. 4 million family farms in Brazil,
0. 27 million in Paraguay, 0. 25 million in Argentina

Brazil has a bimodal land distribution where
most of the land is in large farms, while most
farms are small. This pattern has been increasing
over the last three decades, where the number
of medium-sized farms declined while the
numbers of both small and very large farms
increased (World Bank, 2007). The number of
small farms and their share in total cultivated area
has been increasing over time in some Asian
countries. For example, in India, small farms
accounted for almost 81% of operational holdings
in 2002-03 compared to about 62% in 1960-61
Tables 1 and 2). Correspondingly, the area
operated by small farms increased from about
19% to 44% during this period (NCEUS, 2008).
The distribution of landownership in India has
become less skewed. The share of land area
owned by small farms increased from 20% in
1961-62 to 43. 5% in 2003. Also, the trend toward
landlessness also appears to have been arrested,
with the percentage of landless between 1971-
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time include limited organic matter returns to the
soils, minimal and unbalanced fertilizer addition,
limited options for crop rotation and the perceived
need for regular tillage. Small holder farmers
generally try to maximize tillage, within their
constraints of time, labour and available
implements, primarily for the purpose of weed
management and to create a seed bed with a
fine soil tilth suitable for germination and seedling
establishment. Additional reasons for small holder
farmers to practice conventional tillage, by
manual, animal powered or mechanized means,
include mineralization of nutrients, incorporation
of fertilizers, crop residues and soil amendments,
temporary alleviation of compaction, and
management of some soil-borne diseases and
insects (Hobbs et al. , 2008; Kassam et al. , 2009).
However, regular tillage breaks downsoil organic
matter through mineralization, more so in warmer
climates, thus contributing to deteriorating soil
physical, chemical and biological properties (Wall,
2007). The physical effects of tillage also
adversely affect soil structure, with
consequences for water infiltration and soil
erosion through runoff, and create hardpans
below the plough layer (Thierfelder and Wall,
2009). These adverse effects of tillage have been
addressed over recent decades by the
development of Conservation Agriculture (CA)
(Garcia-Torres et al. , 2003).

72 and 2003 remaining approximately at 10%. In
India the distribution of operational holdings
(actual area cultivated) closely mirrors the
distribution of land owned.
Agriculture is the most important economic
sector of many developing countries. Agricultural
production systems are expected to produce food
for a global population that will amount to 9. 1
billion people in 2050 and over 10 billion by the
end of the century (UNFPA, 2011). To secure and
maintain food security, agricultural systems need
to be transformed to increase the productive
capacity and stability of small-holder agricultural
production. However, there is a question of which
technologies and practices are most appropriate
to reach this objective, and considerable
discussion about the inadequacy of the dominant
model used for intensification so far—relying on
increased use of capital inputs such a fertilizer
and pesticides. Generation of unacceptable levels
of environmental damage and problems of
economic feasibility are cited as key problems
with this model (IAASTD, 2009; FAO 2010a). Key
benefits of these technologies are increasing food
production without further depleting soil and water
resources (World Bank, 2006), restoring soil
fertility (Lal, 1997), increasing the resilience of
farming systems to climatic risk, and improving
their capacity to sequester carbon and mitigate
Climate Change (CC) (FAO, 2010c).

CA is defined as cropping systems based on
minimal soil disturbance, permanent surface
cover through crop residue retention and diverse
crop rotations and associations (Hobbs et al. ,
2008; Kassam et al. , 2009). Most progress in
CA has been made in large-scale commercial
agriculture where powerful tractors are available
to pull minimum tillage seeding equipment and

Most crop production in Asia, Africa and Latin
America is based on subsistence agriculture
implemented by resource-poor small holder
farmers. This form of agriculture is characterized
by limited application of inputs, distorted markets,
deteriorating soil conditions, and now increasingly
uncertain weather patterns (Christensen et al. ,
2007). The factors leading to soil degradation over
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Figure 1: Scientists Discussion Regarding Constrations of New Mechanized Seeding Systems
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labor costs and improved timeliness of
operations. However, there are many biophysical
and socioeconomic constraints to small holder
farmers in adopting CA (Giller et al. , 2009) and it
will be necessary to develop effective strategies
to transfer the emerging technologies to them. It
is noted that CA in many areas evolved through
innovation networks linking farmers, extension
personnel, researchers, mechanics, input
suppliers, and credit providers (Thomas et al. ,
2007; Hobbs et al. , 2008). Such a collaborative
approach would also seem necessary in bringing
CA to small holder farmers. This review examines
recent innovations in implements suitable and
adaptable for small holder agriculture. It also
discusses how these could catalyze widespread
adoption of CA practices in resource-poor
environments, and suggests possible pathways
to adoption.

herbicides are routinely used for weed control.
Derpsch et al. (2010) estimated that 111 million
ha would be cropped using the principles of CA
but that this was mainly undercommercial farming
systems. CA has received increasing attention
by the commercial farming sector as it drastically
reduces fuel costs, reduces the drudgery and
labor requirement of multiple tillage operations,
and minimizes machinery wear and tear (Thomas
et al. , 2007). Small holder farmers have generally
not adopted CA practices yet, for various
reasons—lack of knowledge about CA and how
it could potentially improve their own agriculture,
the perceived complexity of this new cropping
system, unavailability of appropriate minimum
tillage implements, limited access to herbicides,
and the change of mind set required to shift from
the habits of multiple tillage to minimum tillage
(Wall, 2007). However, opportunities are opening
up to make it easier for small holder farmers to
change from excessive tillage to various forms
of minimum tillage. In the last two decades
numbers of four-wheel tractors and shallowtillage single-pass planters have rapidly expanded
in Asia (Miah Monayem et al. , 2010). These were
primarily designed for rotary tillage, which can
even exacerbate the problems of soil tillage. Over
the recent decade, however, there have been
innovations made to both four-wheel tractor as
well as animal-drawn direct seeding implements
that do permit adequate seeding into minimally
disturbed soil. This provides a window of
opportunity to introduce CA among small holder
farmers, not only in terms of reduced soil
disturbance but also with respect to biomass
cover and crop rotation. Effective CA practices
for small holders would also enable them to
capture the economic benefits already enjoyed
by the large-scale users of CA, reduced fuel and

Issues in Small Producer Context in India
Major problems of small and marginal farmers in
India include spurious input supply, inadequate
and costly institutional credit, lack of irrigation
water and costly access to it, lack of extension
services for commercial crops, exploitation in
marketing of their produce, high health
expenditures, and lack of alternative (non-farm)
sources of income (Dev, 2005). Employment
which is the only way to raise farmers and
workers incomes, is low on these farms because
of the low employment elasticity of output due to
increasing mechanization and the kind of crops
grown (Muller and Patel, 2004). The problem is
not that small farms are inherently unviable in
todays marketplace as recent studies show that
per hectare net returns are the highest on
marginal and small holdings than that on any other
holding category (Chand, et al. , 2011; Gaurav
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and will have higher yields per unit of land, both
of which are socially optimal given land scarcity
and labor surplus. They also distribute income
more evenly, thus increasing purchasing power
of the population which is must for
industrialization. Small farms, when free of
incentive incompatible systems like share
cropping, or insecurity of tenure, can greatly
expand output even when they are not profitable
in a capitalist business sense. It was due to small
farms that rapid agricultural growth occurred in
Korea, China, Japan and Taiwan, and even in
West Bengal in India (Morris, 2007). The social
and economic benefits from smallholder focused

and Mishra, 2011), but that they face an
increasingly tilted playing field. For example,
prices smallholders receive for their output are
lower than those obtained by larger farmers due
to their weak bargaining power and holding
capacity (Agrawal, 2000). In wheat, marginal
holders had the highest yield per hectare
compared with all other categories in India but,
they realized the lowest prices per quintal (Gandhi
and Koshy, 2006).
The arguments in favor of small farms in a
situation of large disguised unemployment are
many. Small farms in such situations will
maximize labor use and value added, not profit

Table 1: Distributions of Operational Holdings and Area by Category in India
Year Category

1953-54

1961-62

1971-72

1981-82

1991-92

2002-03

Marginal

39.1

45.8

55.5

62.8

69.7

70.0

Small

22.6

22.4

19.5

17.8

16.3

15.9

Med/Large

33.3

31.9

25.0

19.5

14.0

14.1

Marginal

6.9

9.2

11.5

15.6

22.6

21.7

Small

12.3

14.8

16.6

18.7

20.9

20.3

Med/Large

80.8

76.0

71.9

65.7

56.5

57.9

Note: Marginal (< 1 ha), Small (1.01-2ha) Medium and Large (>2 ha).
Source: Datta and Sharma (2008)

Table 2: Distribution of Number of Holdings and Area Operated
in India as per Agriculture Census 2010-11
Number of Holdings
(in million)

Area operated
(in million ha.)

Percentage of
holdings to
total holdings

Percentage of area
operated to
total area

Marginal(Below 1.00 ha.)

92.4

35.4

67.04

22.25

2

Small(1.00-2.00 ha.)

24.7

35.1

17.93

22.07

3

Semi-Medium(2.00-4.00 ha.)

13.8

37.5

10.05

23.59

4

Medium(4.00-10.00 ha.)

5.9

33.7

4.25

21.18

5

Large(Above 10.00 ha.)

1.0

17.4

0.73

10.92

S. No.

Size Group

1
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output prices that fluctuate, of input prices that
may not be commensurate with increased output,
of increased vulnerability to pests and so forth
(Payer, 1980). In the absence of any support, the
coping costs of commercial modern farming are
too high for marginal and small farmers. For
example, motor burnout costs for marginal
farmers were 10% of their gross farm income in
Haryana and 7. 7% in AP. This figure for large
farmers was only 1. 6% and 2. 3% in the two
states respectively (WB, 2004). Further, since
marginal farm households are net buyers of food,
the increasing and fluctuating prices can hit them
hard (Singh et al. , 2002).

interventions can be enormous (Hazel, 2005).
Further, small producers have certain competitive
advantages like lower cost due to labor
abundance, higher flexibility in their working
capability, work as family and thus, are lower cost,
and have plenty of traditional knowledge which
can be harnessed for many sectors. The only
threats they face are: standardization of products
in global and national markets, and large volume
requirements of modern markets. But, there are
opportunities in organic, fair and ethical trade
markets which are particularly suited for small
producers and offer high prices (Harper, 2009).
But, small producers face production and
marketing risk which make them vulnerable to
poverty. Commercial farming means risks,
additional to the natural phenomena which are
intrinsic risks of farming everywhere: the risk of

Approximately 30% of smallholders in Zambia
have adopted elements of CA (CFU, 2010), but
only 25% of farmers are reported to be following
all three core CA principles (minimal soil

Figure 1: Four Pathways to CA Adoption:
1) quick and complete adoption of CA as recommended;
2) stepwise adoption of CA practices, which may or may not lead to complete
adoption over time (RT = reduced tillage, MT = minimum tillage);
3) CA practiced during some farming cycles but not others; and
4) use of CA practices stops soon after the end of the project,
perhaps because incentives are no longer provided

Source: Baudron et al., 2007.
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Vallabhbhai Patel University of Agriculture
&Technology, Meerut, UP. India started work on
Resource Conservation Technologies especially
zero tillage, bed planting in the year 2000 and laser
land leveling in the year 2001 in collaboration with
international institutes like IRRI (Philippines),
CIMMYT (Mexico), ICRISAT (India), RWC (New
Delhi) and national institutes like UPCAR
(Lucknow) and ICAR (New Delhi). A multi
disciplinary team of scientists under the
leadership of Dr. R K Naresh started the pioneer
work on Resource Conservation technology viz;
”Bed planting of Rice” which was termed as
aerobic rice. This work recognized the university
at international level. It was the first university to
introduce the use of laser land leveler for the
farmers in Uttar Pradesh and now more than 300
laser land leveler units are being used by farmers
all over Uttar Pradesh. Now this topic is the key
point for the research in various research
laboratories and institutions and its research is
on its peak all over India among farmers and
agriculture scientists and it’s a great challenge
for entire Agriculture Scientific Community to
create the required implementing environment for
farmers.

disturbance, continuous soil cover, and crop
rotations) (Baudron et al. , 2007). Even when all
three CA principles are adopted, they might not
be implemented in a manner consistent with
recommendations: for instance, a farmer might
maintain 10% soil cover (not 30%) or continue
tilling his or her land, but with reduced frequency.
In some cases, partial adoption of CA is a step
toward full adoption, while in other cases it is an
ongoing practice for farmers who mix and match
diverse farming techniques as they see fit. Figure
1 depicts four different pathways to CA adoption.
In Africa, pathways 2-4 (forms of partial adoption)
are more common than pathway 1 (quick and
complete adoption).

Resource Conserving Technologies
(RCTs)
RCTs include a wide range of practices: Zero till
(ZT) and Reduced Till (RT) or minimum tillage
lead to dramatic reductions in tillage operations,
and hence costs, a crucial incentive for resourcepoor, undercapitalized farmers to adopt them.
Other technologies include surface seeding,
raised-bed planting, skip furrow irrigation in row
planted cropping systems, laser or other land
leveling, intercropping water harvesting and
residue management. RCTs have been shown
to increase production and improve soil health,
make ecosystems more resilient and reduce their
vulnerability to climate change. They are often
seen as the centerpiece of sustainable land
management but need vital economic, institutional
and policy options to promote their adoption. RCTs
help produce more crop at less cost (saving labor,
fuel, energy, water, and other inputs) and
minimizing environmental impacts. They also
provide a platform for diversification and
intensification of production systems. Sardar

Zero Tillage (ZT)
Cultivation practices such as zero-tillage (which
involves injecting seeds directly into the soil
instead of sowing on ploughed fields) combined
with residue management and proper fertilizer
use can help to preserve soil moisture, maximize
water infiltration, increase carbon storage,
minimize nutrient runoff, and raise yields. Its
expanding rapidly in India. In 2005, in the rice–
wheat farming system of the Indo-Gangetic plain,
farmers adopted zero-tillage on 1. 6 million
hectares; by 2008, 20-25% of the wheat in three
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planting after 20th November (Hobbs and Gupta,
2003; Randhaw et al. , 1981). Approximately 30%
of wheat cultivation is under late sowing in the
Indian IGP, and ZT allows for timelier
establishment. ZT adoption is closely associated
with the farm resource base and rice-wheat
specialization (Erenstein et al. , 2007a). The
significant wheat area of ZT adopters implies
larger annual benefits, lower relative learning costs
and earlier payback to a ZT drill investment. Latif
et al. (2013) conclude that in Pakistan the output
parameters of the studty are similar to regional
countries like India and lower than the developed
countries, i. e. , Mexico and China. Naresh et al.
(2013) reported dry-direct seeding and zero-tillage
rice-wheat system had a savings in labor and
machine use. Zero-tillage transplanted and dry
direct-seeded rice followed by zero-till wheat had
a higher net return than the conventional system.

Indian states (Haryana, Uttar Pradesh and Punjab)
was cultivated using minimum tillage (WDR,
2010).
ZT represents one end of the continuum of
farmers’ tillage practices – with intensive, full field
inversion tillage (e. g. , with moldboard plows) at
the other extreme and reduced tillage and strip
tillage practices in between. ZT itself can take
various forms, depending on mechanization
levels, and includes tractor or animal-drawn direct
seeders and manual planters (e. g. jab-planters).
ZT systems typically save energy (e. g. , tractor
fuel, animal tillage, human labor), stop or revert
soil and land degradation (soil organic matter
decline, soil structural breakdown, soil erosion)
and lead to more efficient use of water and other
inputs. As such, ZT is a Resource-Conserving
Technology (RCT), i. e. , a practice that conserves
and/or enhances resource or input-use efficiency
(Erenstein et al. , 2009). Success in the
development and dissemination of CA practices
for smallholders requires targeting areas with
specific economic opportunities for CA and an
integrated approach with a practical orientation,
farmer participation, community involvement,
flexibility and a long-term perspective (Hellin,
2006). The main driver behind the rapid spread
of ZT wheat is the significant, immediate and on
going ‘cost saving effect’ that makes adoption
profitable corresponding with a 15-16% saving
on operational costs (Erenstein et al. , 2007a).
The cost saving effect primarily reflects the drastic
reduction in tractor time and fuel for land
preparation and wheat establishment. The yield
effect, where it exists, is closely associated with
enhanced timeliness of wheat establishment after
rice. Terminal heat implies that wheat yield
potential reduces by 1-1. 5% per day of delayed

In spite of the success of the RW cropping
system with ZT practices in irrigated agriculture
in the IGP, the full environmental benefits offered
by CA have yet to be fully realized (Gupta and
Sayre, 2007; Laxmi et al. , 2007). The vast
majority of farmers in the IGP have adopted RCTs
like ZT because they provide immediate,
identifiable and demonstrable economic benefits
such as reductions in production costs, savings
in water, fuel and labor requirements and timely
establishment of crops resulting in improved crop
yields. But, in spite of the clear benefits and
increasing adoption of RCTs, most farmers,
especially the small- and medium scale farmers,
have difficulties in following the basic tenets of
CA, particularly residue retention and crop rotation.
The ZT technology has several advantages over
CT and some important ones includes saving of
more than 90% diesel, which comes to 61 L/ha
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bed planting and laser land levelling (Gupta and
Seth, 2007). The results of adoption of Resource
Conservation Interventions (RCIs) for RiceWheat System (RWS) showed that there is
significant reduction in the cost of production of
wheat (Erenstein et al. , 2008 ; Vijaylaxmi et al. ,
2007). (Malik and Yadav, 2008; Yadav et al. ,
2009a; Naresh et al. , 2010) reported that direct
seeded rice proved more cost effective (77%),
more water efficient (20-30%), less labor intensive
(8%), and more eco friendly (with lessening of
methane emission by 77%). Other benefits
included higher tolerance to water deficits, less
cracking in soil, earlier crop maturity by 7 to 15
days, less incidence of insect-pest and diseases
due to better aeration in crop canopy, and overall
higher profits.

compared to conventional system. Thus, it
reduces the cost of cultivation (Rs 3000/ha),
saves forex, advances the time of wheat sowing
(4-5 days), requires less water for the first
irrigation and results in less infestation of Phalaris
minor, which is a serious problem in northwest
India. Besides this, it provides eco-friendly wheat
cultivation by reducing 135 kg CO2/ha (assuming
2.6 kg CO2 production/ litre of diesel burnt), which
is one of the major causes for global Warming
(Chauhan et al. , 2001;Naresh et al., 2013) Figure
2. Most farmers do not retain crop residues on
the soil surface as they use crop residues for
other purposes, particularly to feed livestock
(Erenstein et al. , 2007b).
Spreading CA under the conditions of
smallholder farmers will not be easy and, as has
been the case in all places where there has been
considerable adoption of CA, it takes considerable
time (at least 10 years) to achieve appreciable
levels of adoption: once the pioneers have
mastered the system, adaptation and adoption
become rapid or even explosive. However,
continuity and persistence are necessary not only
on the part of farmers and agricultural workers,
but also on the part of governments and aid
agencies. Four-year average net economic
returns for wheat grown in the zero tillage system
increased about 30% as compared with the
traditional tillage system. It also resulted in higher
yields and lower production costs (Du et al. ,
2000). Experimental data have shown that water
saving with ZT in wheat could be 36 percent, on
an average. Reduction of water use in first
irrigation varied from 30-50% while for
subsequent irrigations it ranged between 15-20%.
Water use could be further reduced if ZT is used
in combination with other technologies like raised

Surface Seeding
Surface seeding is the simple zero tillage system
being followed which involves placement of wheat
seed on to a saturated soil surface without any
land preparation. This is a traditional farmer
practice for wheat, legume and other crop
establishment in eastern India and Bangladesh.
Wheat seed is either broad- casted before the
rice crop is harvested or after the harvest of the
rice crop. Surface seeding of wheat on to
unploughed, wet soil before or after rice harvest
is working very well in heavy, poorly drained soils.
This technique is particularly relevant to farmers
with small land holding and little or no power
sources (Hobbs et al. , 2000). The key to success
with this system is having the correct soil moisture
at seeding. Once the roots germinate and extend
in to the soil, the root can follow the saturation
fringes as it drains down the soil profile. In China,
farmers apply cut straw to mulch the soil, reduce
evaporative losses of moisture and control the
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Figure 2: View of Zero Seeding Wheat Crops and Monitoring by the Scientists
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Figure 2 (Cont.)

weeds (Yonglu et al. , 2000; Gupta et al. , 2000).
Hobbs et al. , 1997 reported that surface seeding
gave significantly higher yields than the farmers’
practice, and, because the cost of land
preparation was zero, surface seeding also
generated higher net benefits. The thousand-grain
weight of wheat was also significantly better in
the surface-seeded plots because they had been
planted 15 days earlier at farmers fields in Nepal.
Singh (2010) reported that surface seeding (utera
cropping) is an important practice followed by
farmers in eastern India which has all elements
of the conservation farming. Crops like lathyrus
gram, pea fababean lentil and linseed are grown
as a relay crops after rainfed low land rice which

minimizes the cost of tillage and takes advantage
of the residual moisture. However, the productivity
is low due to poor crop stand of utera crop.
Improvements can be made both through better
crop choice and agronomic management of the
utera crop and manipulation of the stubble height
of the paddy crop at harvest.

Reduced Tillage
Accelerated and sustained production of food and
agriculture in an agriculturally important country,
like India, is a must for alleviating hunger and
poverty, particularly in rural areas and for achieving
assured livelihood security and equitable
economic growth (World Bank, 2008). The
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conventional system In case of horsegram,
significantly higher yields were obtained in CA
compared to conventional. There was an increase
in use efficiency of N, P, K, S and Zn to the extent
of 11, 16, 14, 13 and 21%, respectively through
adoption of CA practices. Srinivasarao et al.
(2010) observed that role of Site Specific Nutrient
Management (SSNM) and balanced nutrition to
enhancing income and livelihood security in the
tribal district of Andhra Pradesh. Ali (2009) reported
that direct drilling equipment such as no-till drill,
strip-till drill and roto-till drill for wheat after rice
were compared with conventional tillage sowing
as practiced by farmers. The result showed that
no-tillage drilling was the most time, energy and
cost effective for 70%, 67% and 6% respectively
over the conventional practice. Raised bed
planting has shown saving of 55%, 42%, and 44%
in time, energy and cost of operation over
conventional system on fresh beds. On
permanent beds, these are 63%, 56% and 57%,
respectively. Besides tillage and water
conservation tools and machines, there are
equipment which help to conserve and save
inputs like costly seeds, fertilizers and timely
harvest the crop to save from weather and pests.
Some such equipment and machines are plastic
mulch laying machine, inclined plate planter, self
propelled rice and vegetable transplanters, power
weeders, high capacity multi-crop threshers and
grain combines.

minimum or reduced tillage (MT or RT) system
reduces the chances of soil crusting and soil
erosion because of less soil disturbance (Lal,
1997). Reduced or minimum tillage is highly
effective practice in soil and water conservation
when compared with conventional tillage systems.
Improved infiltration and reduced evaporation
caused more water conservation (Ungerand
Ordief, 1989). Singh (1996) and Mahey et al.
(2002) reported that consumptive use of water
by wheat crop was highest under reduced tillage
followed by zero tillage and conventional tillage.
However, the water use efficiency was highest
under conventional tillage followed by zero and
reduced tillage. There was not much difference
in water use and water use efficiency under zero
and conventional tillage. However, Grevers et al.
(1986) obtained higher water us efficiency in zero
tillage as compared to conventional tillage. The
success of reducing tillage for wheat had much
to do with the development of an effective delivery
pathway for NT drills: a mechanical tractor
mounted seed drill that can seed wheat into an
untilled rice field. Several factors proved crucial
to the success of such drills in India (Seth et al. ,
2003). The private sector could see substantial
market opportunities for their products, whereas
the involvement of several manufacturers ensured
competitive prices, good quality, easy access to
drills by farmers along with guarantee for repairs
and servicing. A further step in implementing the
CA principles is through taking advantage of the
reduced turn around time between crops with
reduced tillage systems and including emphasis
on augmenting cropping diversity offering farmers
alternative, economically viable crop rotation
options (Sayre et al. , 2005).

RT wheat has a number of advantages in ricewheat systems by alleviating system
constraints:earlier wheat planting, reducing costs
and saving water. The ‘cost saving effect’
primarily reflects the drastic reduction in tractor
time and fuel for land preparation and wheat
establishment. The tractor-drawn ZT drills allow
tillage intensity to be drastically reduced for the

Kundu et al. (2013), showed that seed and
stover yields in maize in CA was on par with
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in the tropics. Suitable combinations contribute
to improve the biology of these systems, in
addition to food security and the onset of new
markets (Spehar, 2007a; 2007b). There are great
challenges to achieve a diversified and balanced
system. Crop improvement relies on the
introduction of plants with special characteristics.
Thus, drought and acid soil tolerance, efficiency
of nutrient and waster use, tolerance to shade
and adaptability to unconventional sowing, such
as relay, are desirable. These plants should
maximize the commercial product (grain, for
example), while leaving considerable amounts of
residues to protect the soil. They should contribute
new products for human and livestock, cycle
nutrients and increased income (Ascheri et al. ,
2002; Spehar, 2007a; 2007b, Singh et al. , 2010).
Their inclusion results biological, economical,
social and environmental optimization. Raised
beds enable farmers to grow a range of crops in
the same field. Various traditional intercrops have
been successfully grown on raised beds (Singh
et al., 2011).

wheat crop from eight tractor passes to a single
tractor pass (Erenstein et al. , 2007b; Naresh et
al. , 2010). This implies a significant, immediate
and recurring cost saving which makes adoption
profitable corresponding with a 15-16% saving
on operational costs (Erenstein et al. , 2007b;
Naresh et al., 2010). Swaminathan (2010)
represents an evergreen revolution is green
agriculture through reduced tillage by
conservation farming, integrated pest
management, integrated nutrient supply and
natural resources conservation. (Singh et al. ,
2012) reported that to enhancing the water use
efficiency which will help to sustain the resources
of water and productivity of crops and with good
management and adoption of appropriate
practices improved agricultural water
conservation and subsequent use of that water
for more efficient crop production are possible
under both dryland and irrigated area. (Saharawat
et al., 2010; Sanjeev et al., 2012) evaluated
resource conserving and cost-saving alternative
tillage and crop establishment options with an aim
to improve system productivity and efficiency.
Treatments included transplanting and directseeding of rice after reduced and no-tillage,
followed by wheat after no-tillage. Conventionaltilled(puddled) transplanted rice followed by
conventional-tilled wheat was included as a
current practice. Rice yields of transplanted rice
were similar irrespective of tillage/ puddling.

A combination of grain, legume, tuber, fodder
and fruit species can be grown in the wet season
and, more importantly, the total yield and the
nutritional value of this combination is far greater
than that achieved with rice monoculture. Crops
are harvested over a long period, so that food is
available throughout the year. The eroded upland
cropping areas can be reforested with a range of
perennial species to provide food, fodder,
firewood, building materials and medicines, since
the basic food and cash crop requirements of
subsistence farmers can be met from intensive
lowland production on permanent raised beds
(Naresh et al. , 2011) Figure 3. Singh et al. (2005)
reported that the post-wheat harvest NO3–N in

Diversification
Production systems, to develop and reach
stability levels, have to be harmonized with the
natural forces (Spehar, 2008). Agricultural
systems that include rotation, association and
succession of crops, of unique botanical
characteristics, are a target to be pursued, mainly
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and n non-crop enterprises which require high
investment of labor and inputs. These farmers
are also unprepared to assume risks of adopting
new agricultural activity with high opportunity cost
of such diversification, particularly when certain
crops may not sustain high value with
augmentation of production and supply. The
advocates of diversification need to notice that
farmers, specially the small landholders, cannot
take risk associated with the profitability of an
alternate cropping system. Mustard, gram, maize,
soybean, berseem and sorghum (fodder) are the
other alternate crops which can replace rice or
wheat crops in the system. Studies conducted at
farmers’ field in Panipat district of Haryana
reflected that cultivation of mustard and summer
moong after non-scented rice cultivar HKR 47 or
Sharbati gave higher net returns and benefit-cost
ratio than rice - wheat cropping sequence (Garg
et al. , 2006).

soil profile beyond 45 cm depth was significantly
greater under rice-wheat system than under
pigeon pea-wheat system, suggesting that
inclusion of pigeon pea may help in minimizing
NO3-N leaching to deeper profile layers beyond
root zone. They also recorded that with
continuous rice-wheat cropping system, the Bulk
Density (BD) of soil increased, especially in the
30-45 cm soil profile. Inclusion of pigeon pea in
the system not only helped in maintaining the BD
at initial level in the surface (0-15 cm) soil layers,
but also in decreasing (p<0. 05) BD in sub surface
layers (15-30 and 30-45 cm). Legume crops fix
atmospheric N and enrich soil fertility, and could
help to sustain the long-term productivity of
cereal-based cropping systems. Depending on
the soil and ecological stresses, the rice-wheat
cropping system can be diversified using legumes
as a substitute crop (Yadav et al. , 1998). Results
from the AICRP on Cropping Systems (AICRPCS) show consistently better productivity from
rice-pulse than rice-wheat systems (Hegde,
1992). The benefits of legumes in rotation are not
solely due to biological nitrogen fixation, because
increased nutrient availability, improved soil
structure, reduced disease incidence and
increased mycorrhizal colonization also occur
(Wani et al. , 1995). Soil organic carbon and
available N, P and K increased markedly, when
the wheat in the rice-wheat cropping system was
substituted with a legume. (Hegde et al. , 2003).

Rai (2009) indicates that diversification within
existing cropping systems through introduction
of resource conserving technologies may be just
what is needed to bring the total factor productivity
to a more sustainable pace. Fortunately, many
new opportunities based on conservation
agriculture have appeared to give stimulus to the
productivity through a more sustainable pace of
natural resource use. Taken together, these
practice can raise productivity, cut costs, save
water and soils reduce use of external inputs,
foster greater agro-ecosystems diversity, lower
emission of green house gases, and generate
employment. Surface seeding of excessively wet
‘rice-fallow’ land (about 3. 5 million ha) in eastern
Gangetic plains can be done and the land planted
with legumes (lentil, chickpea, peas) and other
crops through para cropping and surface seeding

The approach for crop diversification also
requires to take note of its differentiated scope
and adoptability by small and marginal farmers
(Haque, 1996). The problems confronted in this
process are multi-dimensional. There are socioeconomic constraints due to inadequate ability
of small and marginal farmers to invest in crop
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Furrow Irrigated Raised Beds (FIRB)
Planting Technique

practice. Farmers who wait for conventional tillage
for establishment of succeeding crops after rice
often end up in fallows due to very short winter
window in the east. The prospects for introduction
of a series of crops as inter crop with wheat and
winter maize provide good avenues for further
intensification and diversification of rice-wheat
system.

The water productivity of wheat is highest under
bed furrow intervention whereas flat basin
irrigation technique has the lowest yield and
maximum water consumption. The water saved
by bed-furrow intervention, can be used to
enhance the cropping intensity and leaching salts.
Based on the water productivity, the bed-furrow
intervention is the best effective surface water
use intervention (Kahlown et al. , 1998). In the
low-lying areas having poor drainage, the bedfurrow planting intervention is more favorable than
the zero tillage (Mann et al. , 2002). On raised
beds, wheat planting with two or three rows is
practiced on the whole region of north-western
Mexico (Sayre, 2000). In the recent years, planting
of wheat on raise bed is being advocated in South
Asia for improving resource use efficiencies, i. e.
, Water Use Efficiency (WUE). Significant
increase in WUE on laser level fields has been
reported by several researchers under different
soil and climatic conditions (Jat et al. , 2008). A
raised bed-planting technology for wheat-based
cropping systems was developed in Mexico. In
raised bed-planting the wheat rows are planted
on the top of beds with furrow irrigation between
the beds. It overcomes some of the disadvantages
of flood irrigation such as low potential irrigation
water use efficiency, inefficient use of fertilizer,
crusting of the soil surface, degradation of some
soil properties, and more lodging of the crop
(Wang et al. , 2009). The cumulative effects of
the various advantages resulted in improved
wheat quality and increase wheat yield by more
than 10% (Wang et al. , 2004).

Small farmers have the potential to raise their
incomes by switching from grain-based
production systems to high-value agriculture.
Although the production of high-value agriculture
is labor-intensive and thus more suitable for small
holders, they face a number of constraints. Since
high-value agricultural commodities are
perishable and their markets are fragmented,
there is high volatility in their prices, and thus high
market risk. In addition, small farmers have low
volumes of marketable surplus and the land they
cultivate is mostly located in remote areas with
poorly developed infrastructure. As a result,
smallholders face high transaction costs and
risks in production and marketing of such
commodities. They also face poor access to
credit, and stringent food safety and quality
standards (Thapa, 2010). Sharma et al. (2010)
indicates that rice-potato-mungbean cropping
system was sustainable, compared with a ricewheat cropping system, in terms of higher
productivity, protein yield, and energy output. A
rice-rapeseed-mungbean cropping system was
also significantly superior to a rice-wheat cropping
system in respect to productivity and protein yield.
Singh et al. (2010) showed that rice (Oryza sativa
L. )- potato (Solanum tuberosum L. )- onion
(Allium cepa L. ) and rice-potato-japanese mint
(Mentha arvensis L. ) crop sequences are
statistically at par with each other.

Planting crop on raised beds is a practice for
increasing water use efficiency. The crop is sown
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Figure 3: View of Crop Diversification and Monitoring by the Scientists

wheat, Kumar et al. (2004) in rice, Ali and
Ehsanullah (2007) in cotton, Zhang et. al. (2007)
in winter wheat, Idnani and Gautam (2008) in
summer greengram and Mahey et al. (2008) in
soybean. Sayre and Hobbs (2004) pointed out that
there is need for some implement modification for
permanent bed planting with residue retention. For
residue management disc coulters could be
attached ahead of the furrow openers.

with drill or planted on beds and water is applied
in furrows. The comparable or higher yields are
obtained with saving of about 25-30% water. This
had been practiced in different crops like wheat,
sarson, soybean and rice. Kaur (2006) reported
that water use efficiency of wheat planted on beds
was highest followed by conventional and zero
tillage. Similar results reported by Kaur (2003) in
normal sown crop, Parihar (2004) in late sown
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furrows reduce runoff and help in insitu moisture
conservation. Response to ridges and furrows in
a number of coarse cereal and legume crops was
more in moderate rainfall regions that either
severely drought prone or high rainfall regions
(Venkateswarlu et al. , 2009).

Sayre and Hobbs (2004) also reported
continuous crop residue retention has had, the
higher average yield closely followed by
conventional tillage with residue incorporation,
then the permanent bed burning. Naresh et al.
(2012) reported a notable increase in economic
yield of maize being 23. 5 and 32. 2% with Furrow
Irrigated Raised Bed (FIRB) planting (5. 75t ha-1)
compared to flat no-till (4. 15 t ha -1 ) and
conventional till (3. 90 tha-1) planting systems,
respectively. Whereas, the productivity of wheat
was higher by 5. 2 and 20. 8%, respectively under
flat no-till (5. 10 t ha-1) compared to no-till FIRB
(5. 86 tha-1) and flat conventional till planting
(4. 85 t ha-1). Further, the water productivity (kg
grain m-3 water) of either crop of maize and wheat
was remarkably higher in FIRB planting (2.42 and
2.20) followed by no-till (1. 53 and 1. 96) and the
lowest (1.16 and 1.29) in conventional till system.
Under semi-arid conditions at Hyderabad,
summer tillage helped in higher soil moisture
retention by 20%, reduced weed infestation by
40% and contributed to higher yields. In submontane region of Hoshiarpur in Punjab and in
the lnceptisols at Agra, land shaping resulted in
higher crop yields. The benefits were seen mostly
in low rainfall years owing to even distribution soil
moisture due to leveling. Practices like contour
cultivation, and cultivation on graded bunds help
in effective conservation of moisture. These
practices reduce runoff up to 40% and contribute
to yield increments up to 25-35% depending on
the rainfall situation. The most important
conservation practice acceptable to farmers is
the ridge and furrow system of planting. Several
trials across different soil types and rainfall zones
conclusively proved the advantage of ridge and
furrow systems over flat planting. Ridges and

Ram et al. (2005) observed that many
advantages of growing wheat on beds have been
reported, including increased yields, reduced
lodging, opportunities for mechanical weeding
and improved fertiliser placement, irrigation water
savings, reduced waterlogging, reduced seed rate
and opportunities for intercropping. Van (2002)
reported that raised beds enable farmers to grow
a range of crops in the same field. Various
traditional intercrops have been successfully
grown on raised beds. A combination of grain,
legume, tuber, fodder and fruit species can be
grown in the wet season and, more importantly,
the total yield and the nutritional value of this
combination is far greater than that achieved with
rice monoculture. Crops are harvested over a
long period, so that food is available throughout
the year. The eroded upland cropping areas can
be reforested with a range of perennial species
to provide food, fodder, firewood, building
materials and medicines, since the basic food
and cash crop requirements of subsistence
farmers can be met from intensive lowland
production on permanent raised beds. Donald and
Borell (2003) reported that permanent raised
beds are a potential alternative to present rice
growing systems. By using water more efficiently,
the risk of crop failure may be reduced. In addition,
other crops can be grown on the same plots in
rotation with the rice, creating a more diverse and
secure system. Planting wheat on raised beds is
an innovative option that improves rainwater use
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puddle condition. Water use efficiency was the
highest with puddling and transplanting followed
by puddling and line sowing of sprouted seed of
rice. The lowest water use efficiency was
obtained with line sowing of sprouted seed under
unpuddle condition. Changing from flat to bed
layouts alters the hydrology of the system and
allows greater control of irrigation, better surface
drainage and possibly better capture and use of
rainfall. The irrigation water moves laterally from
the furrow into the bed, and is driven upwards
towards the bed surface by evaporation and
capillarity, and downwards largely by gravity. The
altered hydrology affects nutrient transformations
and transport compared with irrigation on the flat
(Farooq et al. , 2009). The crops are planted on
the bed surface and irrigation water is applied
through the furrows. The bed surface remains
almost dry and the lateral water movement fulfills
the crop water requirement. The infiltration rate
of the furrow bottom remains almost zero due to
compaction developed by tractor and machinery
movement and irrigation water which facilitates
the lateral water movement of irrigation water into
the bed area. Generally, a two to six rows is
planted on the top of each bed for rice crop.
(Naresh et al. , 2012; Kukal et al. , 2009;
Balasubramanian et al. , 2003).

efficiency and reduces soil erosion (Limon and
Sayre, 2003). Recent work shows that system
of raised bed planting of crops may be particularly
advantageous in areas where groundwater levels
are falling and herbicide-resistant weeds are
becoming a problem. This tillage and crop
establishment option also facilitates crop
diversification and intercropping of wheat,
chickpea and Indian-mustard with sugarcane,
maize with potato, mint with wheat, rice with
soybean, and pigeon pea with sorghum or green
gram (Gupta et al. , 2002).
The water productivity of wheat is highest
under bed furrow intervention whereas flat basin
irrigation technique has the lowest yield and
maximum water consumption. The water saved
by bed-furrow intervention, can be used to
enhance the cropping intensity and leaching salts.
Based on the water productivity, the bed-furrow
intervention is the best effective surface water
use intervention (Kahlown et al. , 1998). Jat and
Gautam (2001) reported that sowing of bajra in
ridges and furrows 45 cm apart resulted in higher
seed yield as compared to paired row sowing and
uniform row sowing (45 cm). Ridge and furrow
sowing also resulted in maximum water use
efficiency. Gill et al. (2006) reported that better
water use efficiency and water productivity were
observed in direct seeded rice. Parihar (2004)
total water use increased with the increase in
number of irrigation. Irrigation scheduled 1 day
after infiltration of ponded water required more
number of irrigations than the other seepage
period. However, rice grown under puddle
condition required less number of irrigation to
mature than that grown in un-puddle condition. It
was observed that irrigation requirement was
more under un-puddle condition as compared to

Irrigation water savings for wheat on beds
range from 0% to 54%, and generally seem to be
larger in farmers’ fields (Kahlown et al. , 2006)
than in small plots (Bhushan et al. , 2007; Jehangir
et al. , 2007; Lauren et al. , 2008; Naresh et al. ,
2012). Irrigation water savings for rice on beds in
comparison with (PTR) puddled transplanted rice
on the flat are in the range 9–58% (Sharma et al.,
2002; Bhushan et al. , 2007; Jat et al. , 2008;
Jehangir et al. , 2007; Lauren et al. , 2008; Naresh
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40% less weed growth) and increases plant
population. Also there is saving of weedicide,
resulting in additional economic and
environmental benefits. Finally, farmers may not
burn paddy straw for sowing of wheat, as done
under Conventional Technique (CT) and therefore
significant environmental benefits are added
(Gupta and Seth, 2007) Figure 5. The retention
of crop residues on the soil surface normally
associated with conservation agriculture-based
no-till system has an important influence on soil
water storage (Lichter et al. , 2008).

et al. , 2012), Figure 4, with the largest savings
associated with comparisons of beds and
continuously flooded puddled transplanted rice
(PTR-CF) (Choudhury et al. , 2006). Naresh et
al. (2013) indicated that for the maize crop there
were increases of 30%, 22% and 3 5% in grain
yield, water saving and water productivity,
respectively, under raised beds compared to
basins. Similarly, raised beds demonstrated 13%,
19% and 30% higher grain yield, water saving and
water productivity, respectively, for the wheat
crop. Partial budgeting showed that raised beds
generated 34% and 28% increased net benefit
for maize and wheat, respectively. The soil on
the top of permanent raised beds retained
structural stability and lower bulk density than that
in basins for 0-15 and 15-20 cm soil depths.
During the 4-year period bulk density increased
by 2. 5% in the upper soil layer and compaction
increased by 5. 5% in the lower layer in basins
compared to raised beds.

Sharma et al. (2008) compared five types of
machines for direct drilling wheat into rice
residues after combine harvesting in Haryana and
western Uttar Pradesh—the standard ‘zero-till’drill
with inverted T tines;a double disc coulter;the star
wheel punch planter; the Rotary Disc Drill with a
powered fluted or straight edge disc in front of
double discs; and the Combo Happy Seeder. The
Rotary Disc Drill is the only machine also capable
of direct drilling into sugarcane ratoons with full
trash retained at the surface. The Combo Happy
Seeder essentially combines a forage harvester
with modified chute and a seed drill into a single
machine (Sidhu et al. , 2008). Yadvinder-Singh et
al. (2008b) found plant density and yields similar
to those for wheat established after straw removal
and conventional tillage. However, Sharma et al.
(2008) reported that there were still some
problems with both the Rotary Disc Drill and the
Combo Happy Seeder at high straw loads.

Residue Management
Technological advancements like RCIs for
efficient use of irrigation water deserve high
priority. Some efforts have been made in this
direction and the success is confined to zerotillage and raised bed planting in wheat
(Vaidyanathan, 1999). Experimentation is
underway to further enhance incorporation of
paddy residue through use of improved ZT drill
with disk furrow opener. In this method entire
paddy straw can be left on surface and wheat
can be sown under ZT. This has several added
advantages. Firstly, the covered land surface
reduces evaporation losses and therefore
maintains soil moisture and temperature which
are conducive for plant growth. Secondly,
mulching effect suppresses weed growth (about

Sidhu et al. (2007) found that yield declined at
stubble loads above 9 t/ha for wheat sown at the
optimum time, but with late sowing yield declined
for stubble loads above 7. 5 t/ha. Almeida and
Rodrigues (1985); have shown that cover crops
like oil seed, mungbean, radish, cowpea can be
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Figure 4: View of Furrow Irrigated Raised Beds (FIRB)
Wheat Crops And Monitoring By The Scientists

suppressing weeds. These effects on weeds may
not only be through competition for light but also
the allelopathic effects achieved by plant exudates
(easdale et al. , 2007). Generally the principles
and concepts of the CA system comprise a

effective in reducing weed population in the no-till
system and consequently reducing the amount
of herbicide needed. According to them there is a
linear correlation between the amount of biomass
produced by cover crops and effectiveness in
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under CT and therefore significant environmental
benefits are added (Gupta and Seth, 2007).

holistic approach, which can be adapted for
different farming systems according to agroecological zones, and the harmonically integration
of different components, such as cover crop
specie, crop rotation, no-tillage, intercropping,
etc. The main aims of CA is to empower farmers
to make more sustainable use of their land in
ways that improve their incomes and welfare, and
lead to acquire the knowledge and skills to operate
systems that save labor, promote soil water
retention, enhance soil fertility and improve crop
yields (Calegari et al., 2008).

The retention of crop residues on the soil
surface normally associated with conservation
agriculture-based no-till system has an important
influence on soil water storage (Cai et al. , 2008;
Lichter et al. , 2008). Four-year average net
economic returns for wheat grown in the zero
tillage system increased about 30% as compared
with the traditional tillage system. It also resulted
in higher yields and lower production costs (Du
et al. , 2000). Rice residues can be converted to
high-value manure of a better quality than
farmyard manure, and their use, along with
chemical fertilizers, can help sustain or even
increase yield (Sharma et al. , 2006). Incorporation
is a better option but it requires large amounts of
energy and time; leads to temporary
immobilization of nutrients, especially nitrogen;
and the C:N ratio needs to be corrected by
applying nitrogen at the time of incorporation
(Sharma and Bali, 1998). Crop residues are
important natural resource in the stability of
agricultural ecosystems about 25% of N and P,
50% of Sand 75% of K uptake by cereal crops
can be retained in crop residues, making them
valuable nutrient sources (Singh, 2003). Deep
tillage for incorporation of crop residues has been
shown to reduce soil bulk density (Kumar et al. ,
2004a) as well as penetration resistance of the
plough layer (Walia et al. , 1995). It also helps to
decrease soil pH (Sidhu and Beri, 1989).
Moreover, residue incorporation improved soil
fertility by increasing the content of available N,
P, K, S and organic C. Long term application of
crop residue or organic amendments can
increase water retention upto 2-4% in semi arid
alfisols which helps in mitigating intermittent dry

Research to characterize tillage and residue
management issues must therefore include a
time horizon at least five or more years to insure
that potential differences between management
practices have adequate time to be expressed.
Full retention and partial retention of residues had
a similar yield expression, indicating that for
irrigated systems with the associated high
residue yields, substantial amounts of residue
probably can be removed for other economic
uses without suffering a yield decline (Sayre et
al. , 2005). Experimentation is underway to further
enhance incorporation of paddy residue through
use of improved ZT drill with disk furrow opener.
In this method entire paddy straw can be left on
surface and wheat can be sown under ZT. This
has several added advantages. Firstly, the
covered land surface reduces evaporation losses
and therefore maintains soil moisture and
temperature which are conducive for plant
growth. Secondly, mulching effect suppresses
weed growth (about 40% less weed growth) and
increases plant population. Also there is saving
of weedicide, resulting in additional economic and
environmental benefits. Finally, farmers may not
burn paddy straw for sowing of wheat, as done
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Kumar, 2007). Mulches are also effective in
protecting soil surface from rainfall induced
erosion by reducing the rain drop impact and snow
melt run off (Rees et al. , 2002). Jordan et al.
(2010) reported a significant reduction of soil loss,
negligible run off generation and enhanced
infiltration under high mulching rates. Soil
moisture conservation is yet another major
advantage of mulch farming system. In Ohil et al.
(2008) studied the effect of soil moisture content
under mulch and observed a significant increase
in the moisture content under mulch and observed
a significant increase in the moisture content as
a consequence of greater soil porosity and lower
evaporation. Naresh (2013) reported that residue
management practices affect soil physical
properties viz. soil moisture, aggregate formation
and bulk density. Extensive tillage with its
associated high costs can be reduced by the use
of zero-tillage or permanent raised beds with
residue retention is needed to insure production
sustainability.

spells or terminal water stress (Srinivasa rao et
al. , 2012c). Maize grain yield was sustained with
mulch and fertilizer in no-till system, which was
more effective with fertilizer and residue mulch
than without. In the Mexican highlands improved
high-yielding wheat varieties yielded double under
CA compared to the farmers’ practice or zero
tillage with residue removal, all with the same
fertilizer inputs (Govaerts et al. , 2005).
Beneficial effect of mulching @ 5 t ha-1 on
horsegram growth and yield in semi arid condition
was reported by Zaman and Mallick (2008). Higher
horsegram yield in post monsoon season is due
to reduced soil evaporation by zero tillage and
surface residue cover. Soil moisture was
conserved and more water was available for crops
with CA. Due to the insulation effect of surface
residue, temperature fluctuations are smaller in
zero tillage with residue retention than in
conventional tillage. In tropical hot soils the
surface residue cover reduces soil peak
temperatures that are too high for optimum
growth and development to an appropriate level,
favoring biological activity, initial crop growth and
root development. CA shows considerable
potential for stabilizing crop production in semiarid zones (Lal, 1995). The use of crop residues
as a mulching material under optimal conditions
has been found beneficial as it reduces maximum
soil temperature and conserves water. The
effectiveness of mulch to reduce soil water
evaporation depends on the soil type, rainfall
pattern and evaporative demand (YadvinderSingh et al. , 2010).

Production System Constraints and
Potential Technical Options
Current natural resource management problems
are complex and require site specific
management solutions. Production system
constraints and technological options were
identified and the prioritized stakeholders based
Natural Resource Management (NRM) solutions/
strategies along with constraints have been
summarized in the Table 3.

Conservation Agriculture (CA) - An
Opportunity to Alleviate Rural Poverty

Mulch is a poorly conducting material that
reduces the flux of incoming solar energy into the
soil, and as a result the maximum soil
temperature is less in mulched plots (Kar and

CA to small or large farmers include better
livelihood and income. For the small farmer under
a manual system, CA offers ultimately 50% labor
saving, less drudgery, more stable yields, and
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Figure 5: Scientist and Farmers Evaluate Chopped And
Retained Stubbles For Their Efficacy In Soil-moisture Conservation

improved food security. To the mechanized
farmers CA offers lower fuel use and less
machinery and maintenance costs. Reduced
cost of production with CA is a key to better
profitability and competitiveness, as well as
keeping food affordable. CA advantages also
include adaptation to climate change due to
increased infiltration and soil moisture storage
and increased availability of soil moisture to crops,
reduced runoff and flooding, and improved
drought and heat tolerance by crops, and climate
change mitigation through reduced emissions due
to 50-70% lower fuel use, 20-50% lower fertilizer/
pesticides, 50% reduction in machinery and use

of smaller machines, C-sequestration of 0. 20-0.
7 or more t. ha-1. y-1 depending on the ecology and
residue management, and no excess CO 2
release as a result of no burning of residues
(Kassam et al. , 2009). It is estimated that threequarter of the bottom billion are rural-based and
rely on agriculture for their food security and
livelihood. As long as they ‘must’ remain in
agriculture as producers and agriculture workers,
every effort should be made to help producers to
adopt sustainable production systems such as
CA (Kassam et al. , 2011a), which are effective
in pro-poor development for small farmers, as
well as have the potential for enabling small
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Table 3: Crop Production Constraints and Potential NRM Solutions
Production system constraints

Potential Solutions

High production cost, resource fatigue,low factor
productivity

Conservation agriculture based RCTs

Water scarcity, declining water tables

Laser leveling, ZT& Raised bed, Alternate Wetting and Drying (AWD),avoid
puddling, DSR, skip furrow irrigation,diversification, mulching

Late planting of cereals and other crops

Mechanization,DSR-ZT,Double ZT relay seeding,short duration cultivars

Imbalanced fertilizer use, multiple nutrient
deficiencies and low NUE,nitrate pollution

Conjunctive use of organics ( residue recycling , brown manuring),Nutrient
expert linked to soil health Card,customized fertilizers, MOP up nitrates by
spring cropping

Herbicide resistance and weed escapes

Crop rotations, rotate herbicides, residue mulching, herbicide resistant crops,
zero tillage, avoid rotavator

Low profitability in Sugarcane-Wheat

Autumn planting in paired rows grow inter-crops

Residue burning, air quality

Attach straw spreaders with combines, use Turboseeder

Low diversification of RWCS

Intercrops/relay crops, new cultivars, diversification

Labor / energy shortages

Zero tillage, Mechanization, land leveling , DSR, Unpuddled transplanted
rice (UnTPR)

Low productivity, sodicity,alkalinity and water
logging,nutrient deficiencies

Application of gypsum, phosphogypsum/distillery spentwash, diversification,
cultivar choices, fertilizer schedules, targetedapplications, drainage/irrigation
schedules. Link watershed with CA in dry land areas.

Crop based management

Diversification, location specific models of IFS

Post-harvest losses

Post-harvest solutions (drying, silos , superbags),value addition and processing,
improved market intelligence

farmers to produce ‘more from less’ and can offer
surplus food to the local markets at a lower price.
Together with a different set of crop management
practices including ICRM methods lead to
increased yield and reduction in the use of
production inputs of seeds, water, nutrients,
pesticides and even labour. With aerobic soil
conditions, ICRM system can be integrated into
CA systems, offering further productivity and
environmental benefits, including reduced
methane emission. Ghosh et al. (2010) revealed
that CA based on minimum/no-till system is an
alternative to conciliate agriculture with its
environment and overcome the imposed
constraints of climate change and continuous
input cost. Resource Conserving Technologies
(RCTs) like zero tillage, minimum tillage, residue

management, green manuring, green leaf
manuring and application of weed biomass has
been tested in rice and rice based cropping
systems during five years (2006-10) in mid
altitudes of Meghalaya and results are
encouraging.

Constraints in Adopting Conservation
Agriculture Systems
Conservation agriculture poses a challenge both
for the scientific community and the farmers to
overcome the past mindset and explore the
opportunities that CA offers for natural resources
improvement. CA is now considered a route to
sustainable agriculture. Spread of CA, therefore,
will call for a greatly strengthened research and
linked development efforts.
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• Although significant successful efforts have
been made in developing and promoting
machinery for seeding wheat in no till system,
successful adoption of CA systems will call
for greatly accelerated effort in developing,
standardizing and promoting quality machinery
aimed at a range of crop and cropping
sequences, permanent bed and furrow
planting systems, harvesting operations to
manage crop residues, etc.

expensive, especially for small scale farmers.
• It can be said that CA practices can be an
innovative approach to enhance productivity
and optimise resource use. Efforts would
require addressing constraints as identified to
ensure its induction, and if successful it could
signal a new approach useful to address needs
of small farmers in distress. However
expectations will need to be understood and
issues will have to be addressed making CA

• Conservation agriculture systems represent
a major departure from the past ways of doing
things. This implies that the whole range of
practices including planting and harvesting,
water and nutrient management, diseases and
pest control, etc. , need to be evolved,
evaluated and matched in the context of new
systems.

worthy of being pursued on a large scale.

Expectations
• Based on discussions with poor farmers, the
following expectations will have to be met to
make the CA effort a satisfying experience for
them.
• Poorer farmers will have to be made equally
aware and be able to effectively participate in
needed efforts and not be isolated in its
introduction and scaling up.

• Managing CA systems will be highly
demanding in terms of knowledge base. This
will call for greatly enhanced capacity of
scientists to address problems from a
systems perspective, be able to work in close

• They should be able to carry out the switch to
CA in a manner affordable to them. If CA can

partnerships with farmers and other

help in savings on costs incurred on account
of non-tillage as an example, the same would

stakeholders and strengthened knowledge and
information sharing mechanisms.

be even better offering them benefits in the
short term as well.

• To succeed with small farmers, local
adaptation of techniques and technologies with

• A strong support system will need to be

emphasis on low input systems that meet bio-

positioned to transfer knowledge through field
demonstrations and also reduce their

physical and socio-economic needs, should
be taken up.

vulnerability to build confidence as the process
of switchover is adopted.

• Human resource is the key issue as these
techniques/systems are knowledge intensive,

• With effects of climate change adding to their

availability of biomass needed for covering the

existing vulnerability, reducing the impact of such
an eventuality can greatly reduce risk for them

soil, and need for training and technical support
of farmers during the first few years (at least 3

and it will make sense for them to internalize
the advantage offered by CA in this regard.

years) of transition to CA systems is
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Figure 6: Scientist Farmers Interaction on Conservation Agriculture

Improved utilization of given soil and water

time and they continue to contribute significantly
to agricultural production, food security, rural
poverty reduction, and biodiversity conservation
in north west India despite the challenges they
continue to face with respect to the access to
productive resources and service delivery. They
are now facing new challenges on integration into
new agriculture dominated by adaptation to
climate change, and management of market
volatility and other risks and vulnerability. CA is
not a fixed technological recipe for application
across different farming systems; on the contrary,
CA systems are best developed in situ through a
multi-stakeholder adaptive learning process.
Experience shows that farmers, researchers,
service providers and machinery manufacturers
need to be linked within an innovation system that

resource would be an important expectation
helping them meet needs of improved self
dependency. Over the long term, a more endowed
natural resource situation will work to their benefit
and could help reduce deployment of external
inputs and costs associated with it.

CONCLUSION
Conservation agriculture practices have potential
to increase agricultural productivity through better
efficiency in utilization of inputs and other
resources due to improved soil conditions. The
aspects of improved soil structure and fertility
which were most pronounced in this study
enhance greater environmental sustainability.
Small or family farms have proved resilient over
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yield and water use efficiency of cotton
(Gossypium hirsutum l. ) sown in different
planting methods”, Pak. J. Agri. Sci, Vol.
44(4), pp. 571-574.

fine-tunes equipment and crop management
while strengthening local institutions. The CA
System leads to better work distribution
throughout the year, which results in the
elimination of soil tilling, harrows and mechanical
control over weeds. This condition will provide
more time to arrange plant and manage different
activities for better land diversification. With this
system there is a significant reduction in soil loss,
fertility improves, better efficiency in getting soil
water, crop yields increase, and there is greater
production stability, in addition to the possibility of
permanently using the land, thus proving that it
also contributes to agricultural system
sustainability. CA being a new paradigm for most
farmers, special emphasis must be placed on
the need of a change in mindset amongst farmers
especially in traditional farming communities in
the North and the South and the importance of
involving all stakeholders to apply a holistic
approach in CA promotion that is just as much
farmer driven as it is science driven and
supported by public and private sectors and
national agriculture development policies. CA
produces more from less, can be adopted and
practiced by smallholder poor farmers, builds on
the farmer’s own natural resource base, does
not entirely depend on purchased derived inputs,
and is relatively less costly in the early stages of
production intensification.
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