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Theory, Practice and Challenges of Agroecology in India
Bruno Dorin a,b

aCIRAD, UMR CIRED, Montpellier, France; bCSH, UMIFRE MAE-CNRS, New Delhi, India

ABSTRACT
With the Green Revolution in Asia, the gap in agricultural yield with the developed
world has been closed, while the gap in farm labour productivity has greatly
widened. This reveals a deepening agrarian and environmental crisis in India. The
industrial mode of production has led to the massive use of costly industrial inputs
to increase yields and offset economies of scale that are almost impossible to
achieve in this densely populated country. Such a development path is a trap for
millions Indian micro-farmers and their natural capital. We then unveil the
promises of a type of agroecology called ‘natural farming’ that has developed in
Andhra Pradesh, a State in South India. Andhra’s natural farming has pioneered the
adoption of technical and organizational innovations that could lead to the first
large-scale agroecological transition in the world. But in 2019, these local
innovations were accused of following a regressive path and endangering the
country’s food security. This attack reveals the current omnipotence of the
industrial sociotechnical regime over science, as well as a conception of science
and progress antithetical to agroecology.
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1. Introduction

At the end of the 1960s, Gunnar Myrdal, the future
Nobel laureate in economics, was concerned about
a widening gap between Europe and India on two
counts (Myrdal, 1970): land productivity (yields) and
labour productivity (incomes). Yet he did not encou-
rage massive investment in the crops (rice and
wheat) and inputs (seed, irrigation, fertilizer) of the
Green Revolution that was launched at the same
time with American support (Dorin & Landy, 2009).
To narrow the productivity gaps, Myrdal re-
commended investing in the abundant agricultural
workforce instead, to increase its participation and
efficiency through multiple reforms (land ownership
and tenancy, infrastructure, housing, education, nutri-
tion, drinking water, etc.). He stated, in particular, that
the marginal productivity of Indian agricultural labour
was far from negligible, and that India’s abundant
workforce was underutilized in agriculture, although
this was the economic sector where it could be
employed the most efficiently. The majority of the
economists of the time suggested the opposite and

were theorizing the process of ‘modern economic
growth’ (e.g. Hayami & Ruttan, 1970; Kuznets, 1966;
Lewis, 1954), implying a massive migration of this
workforce towards industry and cities.

Half a century later, when the Indian population
has increased 2.5 times, to reach 1,350 billion in
2020, this article1 builds on and extends Myrdal’s
reflections on employment and productivities. We
first show that, with the Green Revolution, the gap
in agricultural yield with the developed world has
been closed, whereas the gap in agricultural labour
productivity has, in fact, greatly widened. Agricultural
income has therefore been incapable of keeping pace
with the increase in yields, and the industrial mode of
production that led to this increase in yields now
reveals a deepening agrarian crisis, with the massive
use of inputs costly both in monetary and environ-
mental terms, and impossible economies of scale
(through farm enlargement, consolidation) which, in
land-abundant countries, drove the rise in agricultural
labour productivity (section 2). Then, we go on to
reveal the promises of a type of agroecology called
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‘natural farming’ (and not ‘organic agriculture’) that
has developed since the mid-2010s in Andhra
Pradesh, a State in South India with a population of
about 53 million in 2020. This natural farming is
being developed to curb the deep agrarian crisis
that has prevailed increasingly harshly on the Indian
sub-continent. To achieve this, it has pioneered the
adoption of technical and organizational innovations
that could lead to the first large-scale agroecological
transition in the world (section 3). But, in 2019, once
these local innovations had been recognized at the
All-India level and were likely to benefit from
specific budgetary investments from the Union gov-
ernment, they became the target of lively criticisms
orchestrated by the National Academy of Agricultural
Sciences and the suppliers of industrial inputs (seeds,
fertilizers, pesticides). In the name of science and pro-
gress, natural farming is accused of following a regres-
sive path and endangering the country’s food
security. This virulent attack reveals, on the one
hand, the current omnipotence of the industrial socio-
technical regime and, on the other, a conception of
science and progress antithetical to agroecology (con-
cluding section 4).

2. The deadlocks of industrial agriculture in
India

2.1. The industrial sociotechnical regime and
its justifications

From the West to the East and the North to the South
of the planet, agriculture and food have been industri-
alized, and have come to constitute a dominant socio-
technical regime that is today described as
‘conventional’. What is a sociotechnical regime? And
what do we mean by ‘industrial’? Schot and Geels
(2007) defines a sociotechnical regime as a set of
aligned rules that are carried by a range of actors
(firms, consumers, governments, scientists…) that
together form a community of agreement on the
way of producing, using and regulating a range of
processes and products. In other words, actors in
this community share the same way of defining pro-
blems, user preferences, expectations, product
characteristics, skills, standards and regulatory frame-
works. So what happens to agriculture under an
‘industrial’ sociotechnical regime? We characterize
industrial agriculture using two simple criteria that
suffice for the needs of the rest of this article: (i) the
specialization in a few standardized mass-productions

(wheat, rice, corn, soya, palm oil, sugar cane, cow’s
milk…) to enable their ‘motor-mechanization’
(Mazoyer & Roudart, 1997) or robotization and gene-
rate economies of scale,2 the profit-driver of any
industrial activity; (ii) the use of inputs (intermediate
consumptions) produced upstream by science and
industry to increase land productivity: genetic
materials, water from dams, canals or pumps, fossil
energy, chemical fertilizers, pesticides, herbicides or
fungicides, growth hormones or antibiotics…

This industrial sociotechnical regime did not
become predominant without reason, and even less
overnight, although it really took root at the global
scale after WWII. It was first shaped by the major pro-
gress made in sciences such as thermodynamics,
chemistry, hydrology or genetics. But the social
sciences, more specifically economics, also played a
role in the process. We can go back to Adam Smith
(1723–1790) who clearly showed how task speciali-
zation could considerably increase labour pro-
ductivity. This perspective was further reinforced
after WWII, by the abundant literature on ‘modern
economic growth’ (Kuznets, 1966) and ‘structural
transformation’ (Herrendorf et al., 2014; Johnston &
Mellor, 1961). What do this literature and the neoclas-
sical theory that encompasses it teach us? To summar-
ize: in a free market economy where market values
and jobs migrate from agriculture to industry then
to services, countries can access identical technol-
ogies and hence ultimately converge towards the
same income level. Indeed, if all countries rely on
the same technology, those who lag behind can pro-
gress faster than developed countries and catch up by
taking advantage of the progress made by research
and development funded by the latter. The technol-
ogy in question is that developed by the industrial
revolution with abundant and cheap fossil energy
(coal and oil), and the development model promoted
is that of today’s rich countries. In this model, agricul-
ture provides cheap labour to drive the processes of
industrialization and urbanization, which, in return,
provide technologies (agricultural inputs) that
increase agricultural yields and lower the price of
food products. The share of household expenditure
on food thus decreases (‘Engel’s law’) until we arrive
at a ‘world without agriculture’ (Timmer, 2009). In
this world, indeed, the world of the OECD countries
today, the share of agriculture in both employment
and added value is 3% or less. These equal shares in
employment and GDP also mean that the average
productivity of agricultural and non-agricultural
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labour has converged. In other words, the age-old
issue of rural poverty has finally been eradicated.3

This is unquestionably an accomplishment in the
history of humanity. We called this canon of structural
transformation and development ‘Lewis Path’, and
estimated that it affected a little less than 30% of
humanity at the end of the 2000s (Dorin, Hourcade,
et al., 2013). This accomplishment gave rise to the
ongoing and vigorous conviction – among econom-
ists as well as agronomists – that poor countries
should be increasingly exposed to modern industrial
agricultural technology so that they can also
develop and eradicate poverty (e.g.: Gollin et al.,
2002; Murata, 2002).

2.2. The ‘Lewis Trap’

With the Green Revolution, India embarked upon the
industrialization of its agriculture and a shift towards a
‘world without agriculture’ which also seems to have
attracted all other countries: the share of agriculture
in the GDP and in employment is decreasing the
world over. Up to a certain level, these decreases are
obviously desirable as they reflect the growing invol-
vement of economies in activities other than the mere
production of food. But the decrease of agriculture in
GDP and in employment do not take place at the
same rhythm and can lead, as is the case in most
Asian countries, to a structural transformation that
we called the ‘Lewis Trap’. To characterize and
explain the latter, we should start by noting that, in
Asian countries in particular (but not only), active agri-
cultural populations have decreased in terms of per-
centage but not in absolute value. These
populations have even increased in numbers since
the 1960s, often considerably (by about 100% in the
case of India till 2005). As national net cultivated
areas did not increase in the same proportions (via
deforestation or other), there has been a fragmenta-
tion of farm landholdings from one generation to
the next. These proliferating micro-farms then had
little choice but to compensate for the reduction in
their area by boosting their yields with increasingly
higher doses of inputs, those recommended and sub-
sidized by the Green Revolution. Unsurprisingly, due
to this process driven by the scarcity of land but
also the abundance of fossil energy (which makes it
possible to use irrigation and chemical fertilizers at
low economic cost), the average food yield per
hectare in Asia surpassed that of the OECD countries
in the 1990s. The figure below (Figure 1) illustrates

and quantifies this unprecedented shift by represent-
ing our ‘TALA’ identity (Technology, Affluence of land
and Labour productivity in Agriculture: Dorin, Hour-
cade, et al., 2013) using millions of data on world
crop production from 1961 to 2013 (53 years). This
figure shows the average yield in plant food calories
(daily kcal/ha) on the vertical axis, the net cropped
area per farmer (ha/year) on the horizontal axis (a
proxy for the size of farms or the level of motor-mec-
hanisation), and the concomitant progress of agricul-
tural labour productivity (daily kcal/farmer) on the
isocurves. Over half a century, the latter has risen
from 66,000–658,200 kcal/day on average for the
OECD farmers (a tenfold increase) while in Asia it
has only increased from 7,900–25,300 (barely three
times). Thus, we observe that while the gap in land
productivity between Asia and the rich countries has
more than closed, this is not true for the gap in
labour productivity, which has continued to widen
tremendously. We also show (Dorin, Hourcade, et al.,
2013) that within regions or countries in Asia, a
labour productivity gap has widened between agri-
cultural and non-agricultural workers, due to a far
more rapid fall in the share of agriculture in GDP
than in employment. This is the famous ‘agricultural
productivity gap’ (AGP), whose progression is little
studied or completely ignored (e.g. Gollin et al.,
2014), although it is the evolution of this gap over
time that characterizes our ‘Lewis Trap’ along with
the concomitant changes in average farm size.

Why is this ‘trap’ also regarded as ‘structural’? It is a
structural trap because it is the result of a fairly long
historical process, whose path dependence would
only be diverted by a major disaster or a change in
sociotechnical regime. And it is a trap because the
main driver of productivity in an industrial regime is
returns to scale, while in Indian agriculture these
economies of scale are extremely limited, or even
impossible unless people agree in the long-term to
be fed on nutritive solutions or medicalised energy
bars produced in soilless factories consuming huge
amounts of fossil energy. In fact, under the industrial
agricultural regime, survival and prosperity are
based on becoming ‘big and bigger’, by constantly
increasing land, capital and input intensity to increase
the labour productivity of the few who remain in the
race. In a finite space, an increase in land per agricul-
tural worker then implies expelling or ‘discharging’
(Sauvy, 1980) smaller farmers elsewhere. This is pre-
cisely what has happened in Western Europe via a
threefold process which also limited population
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growth on the Continent. This threefold process inter-
wove: (1) international emigration, notably with
nearly 40 million European job seekers who emi-
grated to the land-abundant Americas between
1850 and 1913 (Hatton &Williamson, 1994), the equiv-
alent of 360 million people if a similar phenomenon
were to occur in the twenty-first century with India;4

(2) the First and then Second World War, which pri-
marily killed small peasants; (3) emigration to other
– mainly urban – sectors of activity. In the post-war
era of welfare states, this eviction of small-scale
farmers accelerated with support for failed farms
(Colson et al., 1994), unemployment benefits, and
suicides (Cohidon et al., 2010; Stark et al., 2006).
Between 1970 and 2010 in France, the number of
farms and agricultural workers was divided by more
than 3 while the average area of a farm increased simi-
larly, to reach 55 ha in 2010. During the same period in
India, the number of farms increased twofold and
their average area fell from 2.3–1.2 ha (Dorin &
Aubron, 2016), or even 1.08 in 2015–16 (MINAG,
2018). How do we emerge from this trap when the
population naturally continues to increase with

persistent poverty and growing inequality? When
the possibilities for international emigration are
increasingly limited? When humanity has moved on
from the time of labour-intensive manufacturing to
capital-intensive and robot-intensive activities?

2.3. Ecological suicide

This structural economic trap is hard to escape in
India. Either you stay in agriculture and increase
your indebtedness to purchase inputs, but this can
end in suicide (Dandekar & Bhattacharya, 2017;
Nagaraj et al., 2014; Roy, 2021; Sridhar, 2006) when
regular massive public debt relief schemes do not
save you (Phadnis & Gupta, 2019). Or your step up
your work outside farming with petty precarious
jobs, but opportunities are scarce and often in
already overcrowded cities where the cost of living
is much higher than in your village, forcing you into
circular migration far from your family (Dorin, 2020).
During this period of high but ‘jobless’ (EPW, 2010)
economic growth in India (7% a year since 2002)5,
the trap is even worse with an accelerated

Figure 1. World paths of agricultural productivities (1961-2013). Notes: (1) Source: based on Dorin et al. (2013: Figure 5a), updated from 2007
to 2013, and using ILOSTAT (2019) and no longer FAOSTAT for active populations in agriculture, except for deducting values before 1991 with
former annual growth rates; (2) Countries of the world are grouped under the 6 regions of the MEA (2005), with ASIA = Asia without Japan,
LAM = Latin America, MENA = Middle East and North Africa, OECD = OCDE countries in 1990, SSA = Sub-Saharan Africa, TRAN = transition
countries (former USSR).

4 B. DORIN



degradation of natural factors of production in agri-
culture: soil, water and biodiversity. The Asian yield
race is indeed driven by the rationalities, technical
recipes, subsidies and promises of industrial agricul-
ture, which encourage ever greater specialization in
a few agricultural products, with ever greater con-
sumption of inputs designed to increase their individ-
ual yield: laboratory genetics, groundwater, fossil
energy, chemical fertilizers or growth hormones, pes-
ticides or antibiotics. The Asian race for yield is there-
fore also a race for inputs, which are applied with
higher intensity per hectare than elsewhere (Europe,
the Americas, Africa…), moreover financial and
human capital is lacking to optimize their use. Hence,
the erosion of biodiversity, the exhaustion of ground-
water, the water pollution with fertilizers, pesticides or
antibiotics, the depletion of natural soil fertility, the
massive emission of greenhouse gases, etc., are all
more severe than elsewhere. To this disturbing over-
view we can add increased vulnerability to economic
and climatic shocks given the specialization of pro-
ductions and the increasing introduction of artificial
elements into their environment. Last but not least,
there is also a deterioration in public health, with a
few cheap food products, which are neither balanced
(persistence of under nutrition and rise in malnutrition
in India)6, nor healthy (cancer epidemics attributed to
pesticides). This pervasive and worrying situation is par-
ticularly true of Punjab, the champion of the Green
Revolution, with yields far superior to those in
France.7 This small state in North India became the
country’s granary, but it achieved this by practicing
wheat monoculture after rice monoculture, with
public incentive prices restricted to these two crops, a
100% irrigated agricultural area and almost 2 billion
dollars a year of public subsidies for pumping ground-
water and applying chemical fertilizers. Punjabi indus-
trial performance in wheat and rice comes at a cost:
an ecological, economic, social, health and public
finance disaster now well documented (e.g. Bhullar,
2018; Gian et al., 2017; Kumar & Sidana, 2019; Shergill
& Kaur, 2019; Singh & Bhogal, 2014).

3. The promises of natural farming in
Andhra Pradesh

3.1. Gambling on agroecology

At the end of the Second World War, when fossil fuel
cost next to nothing and international panels like the
IPCC (International Panel on Climate Change) or the

IPBES (Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services) did not exist, it
seemed obvious that industrializing agriculture (its
so called ‘modernization’) was the most efficient
means to meet the food needs of a growing human
population. Half a century later, we realize how pre-
sumptuous this path was, as it seems to show a com-
plete misunderstanding of how agricultural
productivity can be increased in an efficient and sus-
tainable way. Indeed, in order to be far more pro-
ductive, fair and sustainable, should we not instead
have gambled on the amazing productive capacity
of nature, although our level of knowledge of its
highly complex functioning is only in its earliest
stages? It is this approach – supporting the productive
capacity of nature to meet our growing needs – that
agroecology is backing today. Agroecology is ‘a
science, a movement and a practice’ (Wezel et al.,
2009) that has been the object of as many definitions
as it has mentors, from Altieri (1995) to Perfecto (2010)
not forgetting Gliessman (2015) or Griffon (2013). For
our part, we suggest a simple definition which seems
to us to contain the various dimensions and impli-
cations of agroecology: a land and labour productivity
no longer based on a few large-scale mono-productions
and the intensive use of water, fossil fuels, chemical mo-
lecules and laboratory genetics, but on a mosaic of loca-
lized agroecosystems that, each in their own way,
stimulate biological synergies between many plant
and animal species beneath and upon the earth’s
surface, from soil fungi to cereals, pulses and trees,
from bacteria or earthworms to large bovids’ (Dorin,
2017; Dorin, Hourcade, et al., 2013).

So, should we forget about the vast monotonous
sterilized and fluorescent green fields that illustrate
the genius and power of science and agribusiness
over nature, and welcome flourishing but bushy and
messy-looking gardens of plenty like those found in
Kerala in South India? It would seem so with agroeco-
logy. But from our perspective, this radically different
vision of agricultural science and productivity will
then face at least two major challenges: (i) the contex-
tualization of – and hence the impossibility of univer-
salizing (Bell & Bellon, 2018) – solutions to multiply
biological synergies (between various communities,
functions, species, genes…) in pedoclimatic and
human ‘territories’ with unique characteristics and
behaviours; (ii) a complete overhaul of the harvest-
storage(-processing-packaging)-sales chains, to
adapt them to agricultural productions which will
no longer be concentrated to be mass-produced,
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but highly diversified with deliveries scattered in time
and space. Nonetheless, compared to the current
techno-centric industrial agriculture, this agroecologi-
cal production technology has the potential of being:
(a) at least as productive in terms of useful biomass
per surface unit; (b) more resilient to economic,
climate and biotic shocks; (c) more labour intensive
than capital intensive; (d) more profitable for
farmers if input costs are cut, and if diverse, tasty,
nutritious and healthy foods are better priced on
local and international markets, along with the joint
production of environmental goods or services that
are of local or global value, such as drinking water,
biodiversity reservoirs, soil fertility, nutrient recycling,
pollination, fight against diseases or floods, mitigation
of, and adaptation to climate change, etc.

All in all, today’s societies have to choose between
two contrasting paths: (i) continue to massively
produce a few products that are processed and
assembled downstream, where market values, invest-
ments and jobs are increasingly concentrated, particu-
larly to resolve the social and environmental flaws in
the system (rising cost of healthcare, water treatment,
soil restoration, fight against climate change), or (ii)
produce in symbiosis in and with nature, with
markets values, investments and jobs concentrated
upstream to provide a diversity of quality products, as
well as services (currently unpaid) such as water
filtering or soil carbon storage (www.4p1000.org).
Agroecology is clearly rooted in the latter path. It
would then make agriculture a feature of both the
primary and the tertiary sector (or even secondary, if
processing and packaging are carried out at the pro-
duction site), and would cast aside the canon of
linear structural transformation that leads to a ‘world
without agriculture’. Above all, and primarily, it would
give a clear comparative advantage to micro-farms in
Asia, and those which are likely to multiply in Africa
(Dorin, 2017). It is indeed now rather well established,
from Sen (1964) to Gaurav (2014) for India, that agricul-
tural production is more efficient, flexible and adapt-
able on a small scale than on a large scale, and this
will be all the more true and necessary if farmers and
societies have the ambition to be part of – and to
draw abundantly from – a complex, changing and evol-
ving nature.

3.2. Andhra pradesh’s natural farming

Natural Farming in Andhra Pradesh, known as ‘Andhra
Pradesh Zero Budget Natural Farming’ or ‘AP-ZBNF’

until 2019, is a unique illustration for us both of the
political choice of agroecology and of the sociotechni-
cal path agroecology can follow to be upscaled. This
choice and this path arouse enthusiasm and even
passion, which we have attempted to transcribe in
this and the following sections, through statements
made by its supporters whom we have accompanied,
listened to, or read for over two years. Let us start with
the 12-page illustrated ‘conceptual note’, published in
September 2019 by RySS, the public company that
institutionalized AP-ZBNF (see next section). This
note (RySS, 2019a) starts by describing the impor-
tance of agriculture in India, particularly in terms of
employment. It goes on to list five challenges to be
faced and why they exist (summarized in brackets
hereafter): (1) farmer distress (high dependency on
chemical fertilizers and pesticides, high cost of cultiva-
tion, perpetual cycle of debt, climate and market
uncertainty, drying up of borewells, landless labourers
or insecure tenants, distress migration to urban areas
…); (2) consumer food and health crisis (chemical resi-
dues in food, low nutrient content, almost 1.7 billion
Indians to feed in 2050, shrinking of arable land due
to urbanization, climate change, etc.); (3) soil, water
and biodiversity degradation (due to chemical agricul-
ture and its monocultures); (4) global warming; (5)
climate injustice (the poorest and the least respon-
sible are the most affected, particularly children,
women and landless farmers). Then the note con-
tinues with a second key section titled ‘ZBNF: a trans-
formational solution’. This section begins with the
following words: ‘ZBNF is all about farming in
harmony with nature, and firmly believes that mother
nature has solution to all kinds of human-induced pro-
blems in agriculture and food sector. As an alternative
to the current agriculture practices, ZBNF has emerged
as a transformational technology. ZBNF safeguards
our collective future by: (1) Reducing cost of cultivation
and risks, and increasing yields, thereby generating
regular income and make agriculture more climate resi-
lient; (2) Producing more food, safe and nutritious food
that is free of chemicals; (3) Reducing the migration of
youth from villages and creates reverse migration to vil-
lages; (4) Enhancing soil health, water conservation,
regenerating coastal ecosystems and biodiversity.
ZBNF incorporates best practices from various agroeco-
logy practices for climate change adaptation. To name a
few, Regenerative Agriculture, Conservation Agriculture,
Silvopasture, Tree intercropping, Multi-strata Agrofores-
try, Farmland restoration, System of Rice Intensification,
Nutrient Management and Farmland Irrigation’.
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In the 4-page brochure published at the same time
(RySS, 2019b), the technological affiliation is more
clearly stated: ‘In international classification, ZBNF
comes under climate change resilient Agroecology,
more specifically under ‘Regenerative agriculture’
[(Fukuoka, 1992)]. Regenerative agriculture is a holistic
land management practice that leverages the power of
photosynthesis in plants to close the carbon cycle, and
build soil health, crop resilience and nutrient density
[…] whilst simultaneously increasing yields […] utilizing
in-situ biological resources […] through diverse crop-
ping systems [mixed crops, internal crops, 5-layer
model, border crops, bund crops…]’. It goes on to
present the four core principles of ZBNF, its ‘four
wheels’: (1) Jeevamrutham, Jiwamrita (‘elixir of life’):
an inoculum that stimulates soil micro- and macro-
organisms; (2) Beejamrutham, Beejamrita (‘ferment of
immunity’): a coating for seeds to protect them and
stimulate their growth; (3) Achhadana: a constant cov-
erage of the soil with diverse crops and crop residue
mulches; (4) Waaphasa (‘microclimate’): an aerated
soil humus that harnesses water vapour. Jeevamru-
tham and Beejamrutham use preparations made of
the dung and urine of desi cows (not cross bred)8

and, depending on the formulae, incorporate water,
jaggery (unrefined sugar), soil ‘uncontaminated’ (by
pesticides or other polluting products), pulse flour
or even lime (Neelam & Kadian, 2016). Various concoc-
tions (Neemastram, Agniastram, Brahmastram…) are
also prepared to fight against pests, using ingredients
such as neem, ginger, garlic or chilli, depending on
local availability. Finally, apart from producing the
inputs in the village, two other technical principles
guide this natural farming: minimal ploughing to
avoid damaging the soil structure, and the use of indi-
genous seeds.

Thus, ‘All these practices put together increases the
humus content in the soil that fuels the vast number
of organisms above and below the soil. This entire soil
food web is what enhances the agriculture productivity,
biodiversity, carbon sequestration and water avail-
ability’ (RySS, 2019a). On the latter point, the harves-
ting of water vapour could reach incredible volumes
(‘rivers of water in the air’: Jehne, 2019; Kumar,
2020), including in dry areas or seasons9, and is an
invitation to completely rethink conventional irriga-
tion using surface or groundwater. This is also true
of fertilization. For any twentieth century agronomist,
production and export of large quantities of biomass
requires a return of nutrients to preserve soil fertility.
One can imagine that growing pulses (that capture

nitrogen from the air) and other agronomic practices
ensure the provision of the requisite nitrogen, at least
to a large extent (Smith et al., 2020), but it is difficult to
believe this in the case for phosphorous and pota-
ssium. Subhash Palekar (the ZBNF guru: see next
section) countered this view using different argu-
ments during an interview at the end of 2018 in
Andhra Pradesh: (i) these nutrients exist in conside-
rable quantities in the soil, but in forms that cannot
be assimilated by plants; (ii)microorganisms andWaa-
phasa (see above) make them assimilable; (iii) plant
needs are infinitely lower than the quantities of
chemical fertilizer spread; (iv) nutrients also return to
the soil in a variety of ways (crop residues, leaves,
water…); (v) he has never noticed a decline in soil fer-
tility over several decades of ZBNF experiments in his
native state of Maharashtra. One thing seems certain
here: the life and microbiology of the soil should be
central to twenty-first century agronomy, to reveal
the highly complex phenomena that it has difficulty
imagining today (Zanella et al., 2018).

3.3 Bases and practices of a theory of change

The AP-ZBNF ‘transformational solution’ is not
limited to the techniques presented above. They
are only one ingredient of a thinking on change.
According to our analysis, this thinking of change
has managed to emerge and was implemented due
to at least seven factors: (1) the freedom of
thought and initiatives permitted in a democracy;
(2) a crisis, the agrarian crisis described above that
has contributed considerably to spreading a ques-
tioning or criticisms of the dominant sociotechnical
regime; (3) the prior existence of an alternative socio-
technical (or even technico-spiritual) niche: the one
occupied by Subhash Palekar, the innovative Indian
guru of natural farming; (4) a State with an experi-
enced and charismatic senior civil servant: T. Vijay
Kumar, a man capable of designing and developing
a public policy that connects the aspirations for
change from the grassroots to the administrative
apparatus and its government; (5) a not-for-profit
public company flexible enough to independently
manage the inflow and outflow of funds, including
for staff recruitment: the RySS; (6) earmarked funds,
of public but also private origin; (7) a range of orga-
nizational innovations to orchestrate the entire
project and develop the sociotechnical niche at a
sufficiently large scale to undermine, or even
replace, the dominant sociotechnical regime.
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The conductor of the orchestra is hence T. Vijay
Kumar (see also Veluguri et al., 2021), an IAS
officer10 who occupied the position of Special Chief
Secretary to the Andhra Pradesh government when
we first met him in February 2017 at a national confe-
rence on Indian soils organized at the New Delhi
Indian Institute of Technology (Raina & Kumar,
2017). As he was to reiterate several times later, ‘I
could never have led this adventure if I had not dedi-
cated many years to developing microcredit SHGs11 in
Andhra, then at the national scale’.12 His Chief Minis-
ter at the time was N. Chandrababu Naidu.13 T. Vijay
Kumar convinced him to meet S. Palekar during his
meeting with thousands of farmers in January 2016,
then to scale up ZBNF through RySS14 with funds
from two national agricultural development pro-
grammes (RKVY and PKVY), as well as a subsidy
(12.8 million euros)15 from the APPI, a foundation
created by the Indian billionaire Azim Premji.16 With
the RySS, Naidu also expressed the ambition to
convert 6 million farmers and 8 million hectares of
Andhra Pradesh to ZBNF by 2027, an aim he
boasted of at the World Economic Forum at Davos
in January 2018, before an audience of investors
assembled for his benefit by the United Nations
Environment Programme (UNEP).

Subhash Palekar, a farmer and the son of a farmer
from Maharashtra, a graduate in agricultural science,
and as much a disciple of forest ecosystems as of
Mahatma Gandhi, hence captivated the Chief Minister
of Andhra Pradesh. But he is also capable of channel-
ling the aspirations of millions of micro-farmers,
something T. Vijay Kumar had well understood
when he invited him to come and teach in Andhra
Pradesh. Several winter schools (as they generally
take place in December) were then organized, assem-
bling 5000–9000 people each time for a period of 8
days. It is moving to see the numerous women fasci-
nated by the course, with a baby at their breast and
a small notebook in hand. Their concentration is all
the more surprising as the teaching takes the form
of a monologue, moreover in English interrupted by
lengthy translations, as Subhash Palekar does not
speak Telugu (the language spoken in Andhra). But
he speaks to them of the misdeeds and impasses of
industrial agriculture, which these micro-farmers
know only too well. He also talks of climate change,
and goes on to explain the technical and scientific
bases of ZBNF, and the opportunity to finally
combine the following in harmony with nature and
Indian philosophy: (i) science and techniques, (ii)

local resources and knowledge, (iii) community life.
In a fertile terrain, Palekar hence converts the indus-
trial agricultural model into an anti-model. More
uniquely, he does the same with organic agriculture,
which he states is ‘worse than the atom bomb’
(Times of India, 22/07/2019), declaring that ‘None of
the organic farming techniques are from India’ (for
example vermicompost would be a British concept
and garbage enzyme, Chinese); they ‘don’t suit
Indian conditions and only add to greenhouse gas
emissions’.17 Palekar thus finds himself under fire
from two communities which are also competing
internationally (Dorin, Petit, et al., 2013): the ‘scien-
tists’ of industrial agriculture on the one hand, and
the ‘ecologists’ of organic farming on the other. The
harsh positions Palekar adopts are a liability for the
AP-ZBNF movement, which needs the support of
both the scientific and the ecologist communities in
order to develop. The initial discreet distance that
existed between AP-ZBNF and Palekar’s ZBNF was
reinforced, including by the latter, who first
renamed his ZBNF ‘ZBSF’ (Zero-Budget Spiritual
Farming), then ‘SPNF’ in 2019 (Subhash Palekar
Natural Farming). Some foreign supporters of perma-
culture, for their part, having seen real progress in
South India, lumped all these successful experiments
together under their banner (Fadaee, 2019).

With Palekar, ZBNF spread in the Southern states,
particularly in Kerala (Münster, 2016, 2018) and Karna-
taka (Khadse et al., 2017; Khadse & Rosset, 2019). But it
was institutionalized in Andhra Pradesh, where it
expanded rapidly, and it even went on to conquer a
few territories in the North of the country (Himachal
Pradesh), all in all far more effectively than what is
under the brand ‘organic agriculture’ (Khurana &
Kumar, 2020; Patle et al., 2020; Yadava & Komaraiah,
2020)18, except in the now 100% organic small Hima-
layan state of Sikkim (Meek & Anderson, 2020).
According to Vijay Kumar, in April 2020, 695,000
farmers19 in Andhra had been partially or totally prac-
ticing natural farming since 2016, on 190,000 ha
spread over 3011 villages, scattered over all the 664
mandals of the State. In less than five years, the flour-
ishing of natural farming in Andhra Pradesh has there-
fore been very good, particularly given RySS’ modest
budget of about 10 million euros a year between
2015 and 2019 (RKVY, PKVY and APPI funds). After
including the civil servants’ salaries and those of the
other partners involved, the RySS estimates the cost
of helping a farmer and her/his family to convert com-
pletely to ZBNF, i.e. 5–6 years after she/he has begun a
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first trial on a corner of a plot, at 320 euros (25,000
INR).20 The ratio of profit (for the farmer) to costs
(public) would be 13, thanks to same or increased
yields, major reductions in input costs,21 far lower
losses in case of climate hazards (greater resilience
to cyclones or droughts), better quality products
in terms of nutrition and health… AP-ZBNF would
also fulfil about 10 of the 17 sustainable develop-
ment goals (SDGs). All these assessments need to
be confirmed by scientific authorities: a long and
expensive undertaking which is not the RySS’ voca-
tion, but which Vijay Kumar encourages, and which
has begun with those who wanted to study the
situation (e.g. Bharucha et al., 2020; Galab et al.,
2020; Gupta et al., 2020; Mishra, 2017; Pretty
et al., 2020; Smith et al., 2020; Tiwari & Raj, 2020).
However, T. Vijay Kumar is not waiting for scientific
validation to move ahead. More than anything else,
he wants this project to be approved by the micro-
farmers. He wants to see them happy because their
net income has increased, and because they are
prouder, more fulfilled and more ambitious in
their work. And, when you accompany T. Vijay
Kumar on field trips, this is what he systematically
invites his guests to observe and to validate
(Dorin, 2018).

This apparently greater well-being did not spread
without a final ingredient, which is the most impre-
ssive from our viewpoint: organizational innovations,
which cannot be described in a single article given
the innumerable local versions and the huge
number of actors involved. We will only provide an
excerpt of the concept note here (RySS, 2019a):
‘Rythu Sadhikara Samstha under the aegis of Depart-
ment of Agriculture have been firmly believing in
three important theories of change in implementing
ZBNF programme: (1) Transformation should happen
in a democratic way wherein women SHGs and
farmer institutions are involved in programme plan-
ning, implementation and monitoring; (2) Knowledge
dissemination and handholding support is constantly
provided through farmer-driven extension architecture
led by Community Resource Persons [CRP]; (3) Satu-
ration of entire village, cluster, Mandal and the state
(in that order) involves converting all villages, all
farmers, all farms and all practices leading to a total
transformation’. This theory is implemented following
a complex organizational schema, seeking to develop
constant collective learning, with no real bases or
leaders, or even a hierarchy (see box herafter). The
goal of ‘saturation’ first targets the village, and it is

hence at this scale that a ‘bio-village’ certification is
envisaged, once all the farmers and areas of the
village have been converted. This certification
would be collective (of PGS type: Gupta, 2016) and
would hence be far less expensive than the certifi-
cation provided by specialist agencies. But as Vijay
Kumar states, a certification of this type would only
be useful for long circuit products, while the aim of
the programme is primarily to provide healthy and
diversified food for the local population, without an
increase in prices. This does not prevent some
farmers from setting up or supplying ZBNF shops,
canteens or hotels, in order to benefit form a
quality bonus, which they complain they will not
otherwise receive.

AP-ZBNF Main Organisational Components

. SPMU: State Program Management Unit, with its Executive
Vice Chairman (EVC: T. Vijay Kumar) and the RySS staff
(project executives, facilitators, recruiters, accountants, public
relations staff…)

. SRP: State Resource Persons, including those from the TSU
(APPI’s Technical Support Unit)

. DGF and FFS: Digital Green Foundation (to provide teaching
tools, pico-video projectors, etc.) and Farmer Field Schools
(with FAO guidance)

. RNGO and FNGO: ‘Resource’ and ‘Field’ NGOs

. DPMU: District Program Management Units

. MAO: Mandal Agricultural Officers (civil servants from the
Department of Agriculture)

. Cluster: group of (roughly) 2000 farmers belonging to 5 GP
(Gram Panchayats or village councils), with 1 NFF (Natural
Farming Fellow), young agriculture graduate recruited to
experiment and show for himself the benefits of natural
farming on a rented plot

. CRP: Community Resource Persons at the scale of the village
community (over 5600 at the beginning of 2020), champions
in the practice of natural agriculture with their MT (Master
Trainers)

. CMSS: Community Managed Seed Systems

. Schoolteachers and schoolchildren with their ZBNF kitchen
gardens

. SHG: Self-Help Groups (over 160,000 at the beginning of
2020): each one has their leader and their federation (over
7000); both below and above everything, these SHGs are
viewed as the real owners of the programme, its social capital
and its platform

. ZBNF farmers: 695,000 farmers in April 2020

4. Established science vs synergetic
knowledge and aspirations

The continuation of the phenomenon of natural
farming in Andhra Pradesh could make it the
world’s first example of large-scale agroecology, pre-
suming this is not already the case (Landrin, 2021).
This has provoked the interest and support of
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foreign organizations and Vijay Kumar readily adver-
tises their names: UNEP, ICRAF, FAO, Cirad,22

Reading University, SIFF with BNP-Paribas…He is
also constantly seeking allies and support in India,
from State governments and national organizations,
starting with the NITI Aayog (National Institution for
Transforming India) that replaced the Planning Com-
mission in 2015 after Narendra Modi came to power.
On 9 July 2018, this institution invited Subhash
Palekar to deliver a presentation before scientists
from the Indian Council of Agricultural Research
(ICAR) and State agricultural universities, the Union
Ministry of Agriculture as well as the Governor of
Himachal Pradesh who recently converted to ZBNF.
After this session, Palekar made a statement to the
press declaring: ‘Most participants agreed in principle
that ZNBF was the only alternative technology available
to double farmers income. Hence all states should
promote it on large scale to meet this dream of the
Prime Minister Narendra Modi’ (Times of India, 15/07/
2018). In May 2019, Rajiv Kumar, Vice-President of
NITI Aayog, also declared that ‘Agriculture needs redu-
cing the cost of production and for me a newmodel that
we are examining very carefully is the so-called zero
budget natural farming model which eliminates the
use of chemicals in agriculture’ (Economic Times, 20/
05/2019). It was also in May 2019 that N. Modi won
the General Elections in India for the second time. In
July, his Finance Minister presented the Union
budget, commenting ‘ZBNF can help double our
farmers’ incomes just on the 75th anniversary of our
independence’. In other words, ZBNF seems to have
shifted into higher gear, involving the whole of
India, with federal budgets to encourage its develop-
ment. But everyone had overlooked the reaction of
the dominant sociotechnical regime. In September
2019, when Modi was inaugurating the 14th Confe-
rence of the Parties (COP) to the United Nations Con-
vention to Combat Desertification –mentioning in his
speech that ‘India focuses on zero budget natural
farming’ – he received a three-page letter from the
President of the National Academy of Agricultural
Sciences (NAAS). This letter announced that after a
‘full day Brain Storming Session’ on ZBNF with ‘about
70 experts representing scientists across disciplines
and organizations, policy makers, industrialists (fertili-
zer, chemicals and pesticide, seeds), Govt. Departments,
NGOs, Farmers and others’, the conclusion is final: ‘the
Government of India should not needlessly invest
capital, efforts, time and human resources towards pro-
moting the ZBNF on the grounds of technical

infeasibility for India to explore this unproven and
unscientifically proposed technology‘. In a 28-page
document that develops this opinion, distributed by
the NAAS in November 2019 (NAAS, 2019), we note
in particular: ‘it is the firm opinion of the Academy
that promoting technologies which essentially rely on
crop varieties which have inherently low yielding poten-
tial would be detrimental to the Indian resolve of
meeting the Sustainable Development Goals (SDGs).
[…] The Academy is of the considered opinion that
there is no scope for an incremental value gained by
the farmer or the consumer through ZBNF that re-
presents one of the many such practices followed in
India prior to the 1950s when no more than 50 Mt of
food grains could be produced, making ZBNF a techno-
logy that lacks rationale or acceptability as a production
technology’. Thus spoke science and the industrialists
of modern agriculture. They are very influential as, in
December, the press headlines announced: ‘Modi govt
supports Zero Budget Natural Farming but doesn’t have
enough budget to promote it’ (The Print, 31/12/2019).
Zero budget for Zero Budget Natural Farming, what
could be more natural?

Has the fight for natural farming in India been lost?
Certainly not. But this battle at the national level, and
its outcome, shows the persisting highly dominant
nature of the industrial sociotechnical regime. It
imposes itself via a powerful and rational ‘alignment
of rules’ (Schot & Geels, 2007) between two key
actors: the agricultural inputs industry and the con-
ventional sciences of the twentieth century. The
former defends a market that has come to represent
several tens of billions of dollars a year in India
(seeds, fertilizers, pesticides, irrigation equipment,
and, increasingly, agricultural machinery and infor-
mation technology), a market one could be proud of
if its interests in terms of employment, profit sharing
and the environment were not so limited. The latter,
who often enrich the innovations of the former, can
hardly imagine increasing land and labour producti-
vities other than through the prism of what we have
called ‘industrialization’. The constant search for an
‘augmented’ if not ‘miracle’ seed or variety (i.e. ‘with
inherent high yielding potential’ as inferred from the
NAAS statement above), and not high yielding land-
scapes with a high and complex diversity of plant
and animal species in synergy, can illustrate here
the positivist and mechanistic reductionism applied
to the living world. It focuses on few elements and
its components linked by linear causalities, rather
than on complex systems made up of nonhumans
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and humans constantly interacting and evolving
together. This powerful formatting of thinking that
led to the fascinating and beneficial technical pro-
gress of the last century probably explains why,
instead of sending troops of scientists into the field
to measure, analyse and discuss the results of ZBNF
in Andhra Pradesh, the NAAS prefers to accuse
those who challenge its authority of scientific and
economic backwardness. This formatted thinking
probably also explains why, despite damning proof,
this type of science finds it difficult to see and
acknowledge the ‘Lewis trap’ presented above, with
its dramatic consequences both for humans and
natural resources. In this narrow conception of
science and ‘technical progress’, the latter is indeed
perceived as indisputably beneficial and whatever
the farm size (Ruttan, 2002). It is also seen unlimited
and costing nothing (in fossil energy or jobs for
example) except human genius. Economics reinforces
this conception since in its standard models, it is such
technical progress which, on the condition of being
identical and universal (see supra, section 2.1),
resolves the overall equation of the long-term well-
being of all societies and individuals.

AP-ZBNF is nonetheless committed to pursuing its
adventure after renaming its community of sciences,
movements and practices ‘Andhra Pradesh Commu-
nity-managed Natural Farming’ (APCNF) at the begin-
ning of 2020. As we hope we have demonstrated,
this natural farming differs considerably from industrial
agriculture in the way it views land and labour produc-
tivities, as well from organic agriculture if it remains
confined within the rationale of industrialization and
economies of scale via monocultures merely replacing
one set of inputs with another. We also hope we have
shown that APCNF, like our vision of agroecology, calls
for a science of complexity, of true human autonomy in
nature (what we call ‘auto-eco-nomics’: Dorin, 1994) or,
in other words and simultaneously: a science of in situ
diversity and complementarity, of biological synergies
and ecological functions, marrying local cultures and
natures, hybridising generic and indigenous know-
ledge, learning through practice and from peers, cen-
tralizing and decentralizing governance, and
constantly reinventing fragile equilibriums. On this
path APCNF is filled with lessons. However, this does
not resolve our questions regarding the labour pro-
ductivity of this type of agriculture in the mid and
long-term, questions to which APCNF provides no
answers for the moment. Indeed, even with higher
and more resilient land productivity, low input costs

and bouquets of products that have higher added
value on the market, the Indian farm will remain a
micro-farm. This micro-dimension is both its compara-
tive advantage (better monitoring and control of local
complex processes), as well a handicap in terms of
achieving the same level of labour productivity as
other sectors of activity. To overcome this handicap,
the only option we see is the inclusion of this type of
agriculture not only in the primary sector, but also
and at least in the tertiary sector, for the environmental
and social services it can provide and that humanity
needs more than ever before, but still does not pay
for, although not recognizing the value of these ser-
vices could lead to the collapse of our civilization.

Notes

1. This article is a translation (by Renuka George) and an
updated version of a chapter of a French book on agro-
ecology edited in two volumes by Bernard Hubert and
Denis Couvet, and published in March 2021 by the
Presses des Mines and the French Academy of Agriculture
(AAF), an institution created in 1761 with over 700
members today.

2. Economies of scale not only in agriculture, but all along
the “commodity chain” or “value chain” (“filière” in
French). L.G. Soler (e.g. Soler et al., 2011) explains what
this specialization, industrialization and commodification
of biomass production has led to: an upstream deco-
nstruction of the vast diversity of agricultural pro-
ductions, and a downstream reconstruction or
reformulation of an apparent diversity of final products,
by combining industrially produced standardized
materials (calories, plant or animal proteins, fats, fibres,
vitamins, etc.). In such a process, most of the added
value is captured downstream of the commodity chain
(food processing and distribution).

3. Some may also argue here that poverty has been
exported out of agriculture or rural areas.

4. Between 2015 and 2078, according to our calculations
based on the United Nations population projections
(Faostat, June 2016).

5. Growth 2002–2017 of gross added value at 2011–2012
(constant) prices.

6. In 2020, India ranks 94 out of 107 countries in the Global
Hunger Index (www.globalhungerindex.org), like Sudan
and behind Pakistan (88th), Bangladesh (75th), Nepal
(73rd) and Sri Lanka (64th). In 2017, according to
Faostat data (www.fao.org/faostat), India was the
world’s largest net exporter of rice for around 7 billion
US dollars (12 Mt), but also the world’s largest net impor-
ter of pulses for 3.7 billion (6.85 Mt), and of vegetable oils
and fat for 10.8 billion (14.5 Mt). This represents a net
deficit of 7.5 billion dollars for these 3 food items, while
pulses imports are expected to be higher as they are
still too expensive for ordinary Indians, like fruits and veg-
etables which have become almost luxurious items.
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7. Between 65,000 to 69,000 plant food kcal per hectare
and per day between 2010 and 2013, as against 42-
45,000 in France according to FAO production data
(CMIE for our calculations by Indian State).

8. According to S. Palekar, one indigenous cow would
suffice to cover the needs of 30 acres (12 ha), since the
excreta is not used as organic fertilizer (which emits
large amounts of greenhouse gasses).

9. According to Vijay Kumar, natural farming with ’Pre-
Monsoon Dry Sowing’ (PMDS) developed since 2019
after previous experiments by Indians such as Subhash
Palekar, Subhash Sharma (Maharashtra) or Deepak
Suchde (Gujarat), then the scientific support of Walter
Jehne (Australia), is a ’global breakthrough’ because it
allows green coverage and agricultural production for
365 days a year. It is a real economic game-changer in
semi-desert areas like in the district of Anantapur in
Andhra Pradesh. 365-day green cover is also a powerful
way to mitigate global warming.

10. Indian Admistrative Service: an inseparable feature of
executive power in India, although IASs are never part
of the government.

11. Self-Help Group: committee of 10–20 young adults, most
often women, who invest a part of their savings to
finance a member’s project, usually with the support of
a bank.

12. From 2000 to 2010 in Andhra (11.5 million rural women),
then from 2010 to 2015 with the National Rural Liveli-
hoods Mission (70 million rural women). Some of these
women SGHs and their ’champion farmers’ have scaled
up SRI like in Bihar, perhaps at the expense of landless
labourers as in the Janagaon region of Warangal District,
Andhra Pradesh (Gathorne-Hardy et al., 2016).

13. After the2019April-Mayelections, Y. S. JaganmohanReddy
became the Chief Minister of Andhra Pradesh; on 17/09/
2020, he promoted Vijay Kumar ’Ex-Officio Special Chief
Secretary to Government, with independent charge of
natural farming within the Agriculture Department’.

14. Rythu Sadhikara Samstha: farmers empowerment corpo-
ration, created in October 2014 by the Government of
Andhra Pradesh.

15. In this text we use an exchange rate of 78 Indian rupees
(INR) for 1 euro (EUR).

16. Azim Premji Philanthropic Initiatives: https://azimpremjip
hilanthropicinitiatives.org

17. Without further explanation from Palekar or the journa-
list, we assume here that these greenhouse gas emis-
sions are the ’atomic bomb’ in question, since they
would be multiplied if the guiding principle of organic
agriculture is to replace chemical fertilizer with animal
manure when livestock are a major emitter of green-
house gas (Steinfeld et al., 2006; Yuan et al., 2017); in
natural farming on the contrary, cow dung and urine
are not used as fertilizers, but in limited quantities
mainly to stimulate the microbial life of the soils “so that
the ’soil foodweb’ can provide ondue time” only the quan-
tities of nutrients that plants need during their growth.

18. Unless agroecology or natural farming are placed under
’organic agriculture’, as Koner & Laha (2021) did explicitly
for example. The definitions of organic farming and agro-
ecology both remain multiple, vague and evolving over

time. With our own simple but rather precise definition
of agroecology (see introduction to this third section),
we think we clarify the debate, at least help identify
when organic agriculture is agroecological or not. The pre-
vious footnote on soil fertilization also helps to distinguish
organic agriculture from natural farming.

19. 442,000 ’cultivators’ (owners or tenants of agricultural
land) and 253,000 ’agricultural labourers’ (workers
without land except a kitchen garden). According to
the 2011 population census, for the first time in India
since its Independence, the number of agricultural
labourers (144 million) surpassed the number of cultiva-
tors (111 million).

20. RySS’ breakdown of this sum: 73% for ZBNF capacity
building, 17% for supporting community institutions,
8% for PGS certification, quality assurance, tracking and
monitoring, and 2% for technical support and overall
programme management at the District and State levels.

21. Savings that would be even higher if chemical fertilizer
and electricity for pumping water were not so highly
subsidized: 755 million euros in 2018 for Andhra Pradesh.

22. Our RySS-Cirad-FAO foresight study “AgroEco2050”
using the quantitative, retro-prospective and interactive
model “Agribiom” (Dorin & Joly, 2020) adapted to India:
http://www.fao.org/agroecology/slideshow/news-articl
e/en/c/1259916
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