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In order to produce a growth that is sustainable technologically, environmentally and economically, it is suggested that a
dialectical approach in agricultural research and development need be adopted. The history of dialectics and related
concepts are described. The approach is discussed at the micro-level in relation to the methodology of agricultural research
usually followed. It is examined in the context of newer developments in plant and animal biotechnological research and
on farm experimentation in plant breeding and agronomic practices. It seems in most of the cases the approach normally
followed is unidirectional – from input factors to the output. The strategy for sustainable crop production, however, depends
on understanding how the plant production system influences and is influenced by the environmental system. In intensive
cropping systems, plant growth extracts nutrients from the soil that adversely affects its health. If the health status of the
soil is to be preserved at some desired level for future use, the production process gets constrained in that the production
would become less than what it would be if we ignore the effect of increased production on the characteristics of soil. We
have therefore to determine by how much the production gets lowered in maintaining the soil status. At the same time
when soils deteriorate, as a feedback, the plant productivity goes down. We have then to determine by how much the soil
erosion is to be prevented to maintain the productivity at the same level. In other words, an appropriate sustainable
production strategy would take into account both, the environmental effect of crop production process as well as the
feedback from the quality of environmental resources to crop productivity. This seems to be a novel problem needing the
coordinated efforts by agronomists, soil scientists, microbiologists, economists and statisticians.
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Introduction

The National Agricultural Policy (NAP) envisages,
among other things, a growth that is sustainable
technologically, environmentally and economically. This
means development and adoption of technologies that
would meet short-term requirements while maintaining
the ability to meet long-term needs. The country’s natural
resources i.e. land, water and genetic endowment are to
be used in a manner that is environmental friendly,
economically viable and meets the concerns of the
society. In this context, it is important to note that the
green revolution strategy involved, given the dwarf
varieties of wheat and rice, searching for levels of inputs
that would give high yields ignoring the irreversible
losses in the form of soil erosion and loss of pest
resistance. The dwarf varieties put more of their energy
into grains instead of the vegetative parts of the plant
that no doubt increases the yield but also makes it easier
for weeds to outgrow them making the herbicide
treatment necessary. Their reduced root growth makes
the plant more sensitive to shortage of water. So while
the age old problem of ‘lodging of plants’ with tall Indian
varieties was solved with the advent of dwarf varieties,
it created simultaneously problems for soil health and

ecosystem due to the mandatory application of high-
nitrogen fertilizer, irrigation and pest management. The
strategy became environment non-friendly and led to an
ecologically unstable system. Moreover in view of the
above in-built capital-intensive nature of the green
revolution strategy, which is though scale-neutral but not
resources-neutral, it has led to agricultural growth with
non-equity, there being increased disparity between rich
and poor farmers [1]. The problem before agricultural
researchers is therefore whether we can develop a
technology that can have the positive aspects of increased
yields minus the negative ones noticed in the green
revolution strategy. Is it possible? Apparently, this
requires giving a fresh look at the grain production
process itself, particularly at the fundamental level, to
see how it affects the environment in terms of the soil
health and the ecosystem surrounding the plants, in
addition to being affected by it. It is only when we are
able to understand the feedback and feed-forward
mechanisms of such a process that we can discover ways
and means to incorporate sustainability in agricultural
production.

In order to understand this issue we have to
reconsider the methodology of agricultural research
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normally followed. This is mostly based on the principle
of reductionism in which a complex system is broken
down into its constituents in a hierarchical manner till
we get to the fundamental units whose behaviour is
studied to explain the phenomenon at the next upper
level. For instance, in the context of agriculture, it is
often believed that by understanding the mechanism at
the lower level of gene, one can understand the process
at the higher-level of phenotype that we observe. This
principle, borrowed from the basic sciences of physics,
chemistry, mathematics etc., has no doubt given over
the past two centuries remarkable success in scientist’s
endeavour to understand the nature. But it is now being
questioned. A group of 30 biological scientists and others
met in 1997 at the Ciba Foundation to discuss the future
of this approach and highlighted cases where
reductionism falters, drawn from such diverse fields as
cell biology, physiology, information science, genetics,
and behavioural sciences etc. [2]. However, this approach
cannot be dispensed with altogether as it would be the
best strategy for the situation when the interaction with
the environment is negligible. It seems for an applied
field like agriculture we have to explore whether this
approach alone can handle all the issues that are the target
in the NAP. An alternative to this approach is that of
dialectics in which the relationship between the plant
and its environment consisting of soil, water, air, sunshine
etc. as well as other neighbouring plants is required to
be exploited along with their interaction effects [3-7].

Historical Background

Friedrich Hegel, a German philosopher, believed that the
thought process moves in a three-beat rhythm that he
called ‘dialectic’. It begins with an idea- a thesis- then
proceeds to develop into its opposite, the antithesis; after
that the mind sees the relatedness of thesis and antithesis
and weaves them together into a synthesis. This synthesis,
in turn, becomes another thesis, and the dialectic
continues. Hegel’s dialectical idealism was questioned
by Karl Marx who interpreted the three-beat rhythm as
just opposite of that given by Hegel and created by the
class struggle in a society determined by man’s economic
needs. He claimed it to be more real and laid the
foundations of dialectical materialism that dominated
half of the world by way of communism. Dialectics,
however, fell into disrepute due to political reasons
mainly because of its advocacy by communist Russia. It
is, on the other hand, a way of explaining the world faced
with a set of opposing, dichotomic, and contradictory
processes. In fact dialectics is only another way of saying
‘thinking correctly’.

That the so-called reductionist concepts do not
always apply in the real world was also realized by
Ludwig von Bertalanffy in early 1920’s who gave an

organismic conception in biology, somewhat similar to
dialectics. The problems of order, organization,
wholeness, etc., that are absent in the reductionist
approach became central in a general system theory
proposed by him [8]. In a system, different parts of the
system interrelate each other to produce a complex
picture that need to be structurally modelled to give a
meaningful analysis of the system.

At the same time, Cybernetics, as the science of
control and communication in animals and machines,
was invented by Wiener [9], that involved similar
concepts akin to dialectics and used computers,
information and self-regulating machines. In the
cybernetic approach, one first builds an information
system regarding elements, subsystems, their links,
feedback and feed-forward relationships and possible
goals regarding forecasting, self-organization, and
prescription. However, the processing of information
through a designed database, identification of
relationships, inference over specific periods of time etc.
has to be done using statistical tools. There is a continual
forward- and backward-interaction between cybernetic
modelling and statistical processing of data. It is this
interface between cybernetics and statistics that enables
one to understand a complex system [10, 11, 12].

Concept of Dialectics

Let us look into the concepts of part and whole of a
given system. In the Cartesian reductionist perspective,
the whole consists of natural set of units or parts that are
homogeneous within themselves. The dialectical
perspective looks at the whole as a relation of
heterogeneous parts that have no prior existence as parts
but acquire properties by virtue of being the parts of a
particular whole. As soon as the parts acquire properties
by being together, they impart to the whole new
properties, that are in turn reflected in changes in the
parts, and so on. Parts and wholes therefore evolve as a
consequence of their relationship, and the relationship
itself evolves. They can occur at the micro- as well as at
the macro- levels. In the reductionist approach when there
is no interaction amongst parts, the whole is just the sum
of its parts but when interactions exist, as in this case,
the whole can be more than the sum of its parts. The
development of the system over time is a consequence
of opposing forces and opposing motions. However, the
change that is characteristic of systems arises both from
internal and external relations. The internal heterogeneity
of the system may provide a dynamic instability that
results in internal development. At the same time the
system as awhole is developing in relation to the external
world that influences and is influenced by that
development. Thus internal and external forces affect
each other as well as the object that is the nexus of these
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forces. In plant biology, on the other hand, we are used
to separate the internal and external forces, holding one
constant while considering the other in the traditional
reductionist way.

The appearance of opposing forces is in fact based
on the concept of contradiction inherent in the meaning
of dialectics. Things change because of the action of the
opposing forces on them, and things remain what they
are because of the temporary balance of opposing forces.
The opposing forces are seen as contradictory in the sense
that each taken separately would have opposite effects,
and their joint action may be different from the result of
either acting alone. But these forces are part of the self-
regulation and development of the object that is regarded
as a network of positive and negative feedbacks that are
basically cybernetic concepts. For instance, in genomics,
gene action is regulated by repressors, repressors of the
repressors, and all sorts of active feedbacks in the cell.
The negative feedbacks are more common wherein a
particular state of the system is self-negating – an
increase in something initiates processes that lead to its
decrease- as for instance in the control of blood sugar in
humans. Such feedbacks characterize self-regulation –
homeostasis – and are pre-requisites for stability. But
systems also contain less numerous positive feedbacks
that lead to instability. The stability or persistence of a
system depends on a particular balance of positive and
negative feedbacks.

Dialectical Approach in Agricultural Research

This requires first of all identifying the system to be
studied. It can be either at the microlevel or at the macro-
level. At the micro-level in the production process, the
plant is both the subject and object of growth. It both
makes and is made by the environment provided by the
soil, water, fertilizer etc. and thus acts in its own growth.
This is unlike the traditional view wherein the plant’s
growth is caused by the inputs given and the reciprocal
phenomenon of the reaction of the environment in
response to plant itself is ignored. We examine this aspect
from the point of view of (i) plant and animal
biotechnological research at the molecular level, and
(ii) on farm experimentation in plant breeding and
agronomic practices in the next two sections.

(i) Plant and animal biotechnological investigations
at the molecular level

It is now well recognized that vertical productivity in
agriculture in our country can only be enhanced by taking
into account the tremendous and rapid advances being
made in plant and animal biotechnological methods.
Worldwide efforts are being made in plant genome
research on mapping the genes, generating DNA
sequences, and transferring them to other organisms

through recombinant DNA (rDNA) technology. Their
commercial exploitation started in 1995 when genetically
engineered tomatoes were produced in the USA for the
first time. Since then genetically modified organisms
(GMO) are being used for food production particularly
in USA and UK whereas in Europe, however, a
movement against the use of GMO has sprung up. This
is because of the fear of the possible escape of the
transgenic genes into native species. On the other hand,
in Australia the introduction of transgenic crop of Bt
cotton helped in the survival of cotton industry that was
threatened by increasing resistance of lepidopteran pest
to insecticide sprays. The delta endoprotein produced
by the bacterium Bacillus thuringiensis (Bt) is lethal to
the caterpillars of lepidopteran insects. When the cloned
Bt gene, after proper modification, is transferred into
crop plants through genetic engineering, plants produce
their own biocides to kill the insects. However, it is still
a chemical protection of a crop, the plant cells being the
delivery system. In a way, the Bt gene provides the plant
with an in-built biological software system that enables
a marked reduction in the use of insecticides against the
pest. Apart from cotton, the Bt gene has also been
transferred into tobacco, maize and rice. In India, work
on developing transgenic cotton, brassica, mung bean,
and potato has significantly advanced. Attemps are also
being made at the International Centre for Genetic
Engineering and Biotechology (ICGEB), New Delhi to
transfer potential genes and modulate their expression
in transgenic plants to confer tolerance to the otherwise
salinity-susceptible plants. The role of calcium and
various calcium-binding proteins is crucial in plant
responses to abiotic stress particularly salinity. It seems
possible now to manipulate a given plant’s genome so
as to modify its function and its development in such a
way as to suit the given production system environment
[14].

In animal biotechnology, the application of embryo
transfer technology has given dividends. The world’s first
IVF buffalo calf (PRATHAM) was born through embryo
transfer technology at the NDRI, Karnal. Multiple
ovulation and embryo transfer, in vitro embryo
production, embryo sexing, vaccines and diagnostic kits
for animal health have also been developed. However,
the environmental consequences of such development
are yet to be ascertained.

All these advances, particularly in plant
biotechnology, sound very impressive and can lead to
increase in plant productivity. But in a dialectical sense,
they still miss the point by ignoring the feedback
mechanisms that might operate on the environment of
the system by increased productivity of the plant process.
Already the role of transgenics in disturbing the
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ecosystem is being debated in our country, particularly
in the cotton crop. Gene manipulation at the molecular
level is no doubt better understood now in several cases
but we do not know their consequences in relation to the
environment in a broader sense. Probably, this aspect
can be investigated by working on a model plant
organism like arabidopsis.

The model organism arabidopsis thaliana, which is
a small mustard species – an eukaryotic and self-
pollinating – is already playing an important role in the
development of plant molecular biology by way of
providing increased knowledge and understanding of the
plant’s functional and developmental processes. It has a
rapid life cycle and can be easily grown in laboratory in
large numbers. Its entire genome, that is highly compact
and consists of about 130 Mb with little interspersed
repetitive DNA, has been sequenced. Many thousands
of arabidopsis plants can be grown on a bench to search
for particular mutants that can be isolated and cloned
for use in other crops. It is related to many food plants
like rice, wheat, maize, sorghum, millets etc. and can
therefore provide a focus from which the genome content
of other higher plants can be extrapolated. For instance,
a mutant of the dwarfing gene gai identified in this plant
can be shot into cultured basmati rice cells of tall Indian
varieties to produce shorter plants that give higher yields
[15]. If the green revolution in rice were to take place
today this strategy would have produced the same effect
without cumbersome and time consuming plant breeding
methods of crossing and selection. Similarly, researchers
have been able to identify and clone Arabidopsis genes,
frigida and leafy, that can be manipulated to produce
plants that flower early thereby extending the growing
season for grains and fruits. However, no efforts seem to
have been made to experiment on the consequences of
molecular manipulations in this plant on the prevailing
plant environment.

It is also very much necessary to adequately address
the biosafety issues of transgenic agriculture before their
commercialization. A comprehensive science-based risk
assessment system is urgently needed in such cases.

(ii) On farm experimentation in plant breeding and
agronomic practices

It is now well recognized that to ensure sustained and
enhanced crop productivity, the agronomic practices of
the use of different sources of plant nutrients, pesticides,
crop rotations, variety selection and production record
analysis need to be integrated in a meaningful way. This
has resulted in the concept of what is known as integrated
crop management (ICM) system in which the inputs are
optimized at the micro-level relative to yield, profitability,
and environmental impact. A well-developed ICM
system utilizes a system of Best Management Practices

(BMPs) to achieve the most profitable and
environmentally sound yield level, known as Maximum
Economic Yield (MEY) that would of course be somewhat
lower than the maximum potential yield for the given
soil-crop – climate system. A component of ICM is
Integrated Nutrient Management (INM) wherein the use
of chemical, organic and microbiological sources of plant
nutrients are integrated to maintain and improve the soil
health for sustained crop productivity on long term basis.
In this context, it is important to understand the major
role played by microorganisms in the diverse soil-plant
microbe interactions by providing key inputs in terms of
N and P besides organic matter [16]. Another component
is Integrated Pest Management (IPM) to help improve
pest management programmes by determining exactly
when pesticide applications are necessary. The choice
of intensive cropping system is also a very important
factor in the ICM. In this connection, the cropping
systems research seeks the technology that will increase
the crop production by growing two or more crops in
succession within a year with the minimum of soil
deterioration. All components of the system viz. the
physical and biological inputs including technology,
capital, labour and management required for growing a
set of crops on a plot during the year as well as their
relationship with the environment are required to be
considered in this system.

However, the agronomic technology mentioned
above and usually developed at experimental stations
does not transfer easily to farmers’ fields due to non-
availability of inputs. The technology has therefore to
be investigated in the farmers’ fields so that emerging
recommendations have practical applicability and use.
In other words, we need to advocate On farm Adaptive
Research in specific recommendation domain,
characterized by relatively homogeneous farming
systems associated with similar agroclimatic conditions.
This requires statistical skills in planning the
investigation, as well as collection, analysis, and
interpretation of experimental data. Narain and Bapat
[17] discussed such a methodology in relation to cropping
systems research and illustrated its usefulness in relation
to experiments conducted under All India Coordinated
Agronomic Research Project.

Apart from farming systems research, we have what
is known as Farming Systems Research and Extension
(FSR&E) approach in which the whole farm of a given
household is treated as a system with interdependent
components under the control of the members of the
household and their interactions with the physical,
biological and socioeconomic factors not under the
household’s control [18, 19]. Intimate interaction
between the scientists and extension personnel is insured
by undertaking technology development for identifying
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appropriate genotypes and agronomic practices for the
given region, using statistically sound experimental
designs, on operational-scale plots in farmers’ fields. This
is in sharp contrast to the usual approach in which
scientists hand over a package of breeding and agronomic
practices developed on research stations to extension
personnel.

More recently, the dialectical approach discussed
above has become visible in intensive irrigated rice-wheat
(R-W) systems practices by the farmers in the Indo-
Gangetic Plains due to the efforts of Rice-Wheat
Consortium (RWC) comprising of South Asian NARS
(Bangladesh, India, Nepal and Pakistan), International
Centres (CIMMYT, CIP, ICRISAT, IRRI and IWMI),
NGOs, private enterprise and farmers groups set up in
1994 and convened by CIMMYT as one of the Eco-
regional Programmes of the CIGAR. The Consortium
has been operating farmer participatory research
programmes in system ecology perspective with major
involvement of NARS, IARCs and advanced research
institutions. Focusing on resource conserving
technologies (RCTs), such as surface seeding and zero-
tillage in wheat and raised bed-planting system in rice,
wheat and other crops as well as site-specific nutrient
management (SSNM) in rice-rice and rice-wheat
systems, it has been possible to enhance production and
productivity of the R-W systems at reduced cost in
addition to providing food security, poverty reduction
and environmental quality through reduced burning of
crop residues [20].

A Possible Strategy for Sustainable Production

The above mentioned efforts, particularly FRS&E and
RWC, come quite close to the dialectical method in that
the feedback between farmers and scientists are taken
care of. However, the methodology of on farm research
remains the same as practiced at experimental stations.
The biological relationship exploited is still
unidirectional – from input factors to output. The strategy
for sustainable growth in crop production, however,
depends on understanding how the plant production
system influences and is influenced by the environmental
system. In intensive cropping systems, plant growth
extracts nutrients from the soil that adversely affects its
health. If the health status of the soil is to be preserved
at some desired level for future use, the production
process gets constrained in that the production would
become less than what I would be if we ignore the effect
of increased production on the characteristics of soil.
We have therefore to determine by how much the
production gets lowered in maintaining the soil status.
At the same time when soils deteriorate, as a feedback,
the plant productivity goes down. We have then to
determine by how much the soil erosion is to be prevented

to maintain the productivity at the same level. In other
words, an appropriate sustainable growth strategy would
take into account both, the environmental effect of crop
production process as well as the feedback from the
quality of environmental resources to crop productivity.
This seems to be a novel problem needing the coordinated
efforts by agronomists, soil scientists, microbiologists,
economists and statisticians.
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