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Introduction

A scrutiny of agricultural production sys-
tems, their functioning and organization 
must consider how appropriate and sustain-
able the current agricultural paradigm is for 
the future for farmers, their communities and 
the society at large, and how environmental-
ly sustainable it is? The agricultural supply 
side is generally analysed by mainstream sci-
entists in terms of available resources and in-
puts for agriculture to meet future demand. 
Only more recently analyses have begun to 
address externalities of the production sys-
tems, such as environmental damages, as-

sociated input factor efficiencies and system 
resilience against major external challenges. 
However, relatively rarely do mainstream 
researchers question the conventional agri-
cultural paradigm regarding its appropriate-
ness for the sustainable development agenda 
and the environmental challenges the world 
is facing. Equally, the delivery of ecosystem 
services by conventional agricultural has not 
been an area of serious mainstream research 
concern (MEA 2005; Beddington, J. 2011; 
Lal, R. and Stewart, R.A. 2013).

This article elaborates on the nature of the 
supply side of food and agriculture systems 
and discusses: How much food is being pro-
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duced currently? How much more do we 
need to produce to meet our future needs? 
How appropriate is the current production 
paradigm of tillage agriculture for meeting 
future food and agriculture needs? The ar-
ticle illustrates and discusses the inherent 
destructive nature of the conventional tillage 
agriculture itself in causing soil, land and en-
vironmental degradation, and its consequent 
inability to function at maximum output with 
efficiency and resilience, or to deliver ecosys-
tem services. The article shows how sustain-
able production intensification can be and is 
being mobilized with the alternate paradigm 
of no-till CA that has been spreading in all 
continents since the 1990s (Goddard, T.M. 
et al. 2007; Kassam, A. et al. 2009, 2013, 2015, 
2016; Jat, R.A. et al. 2014; Farooq, M. and 
Siddique, K.H.M. 2015).

Nature of the supply side

Latest estimates from FAO suggest that the 
world needs to produce some 60 per cent 
more food to meet the demand of the ex-
pected global population of 9.2 billion at 2050 
(FAO 2012). Recent FAO forecast indicates 
that this can be achieved if we can maintain 
an annual increase in food production glob-
ally at an average rate of 0.9 per cent, with a 
variation in regional rates from 0.3 per cent in 
Europe to 1.6 per cent in Africa (FAO 2014). 
In terms of the actual output of food, this cor-
responds to an increase in cereal production 
from 2.53 billion tons in 2014, from an area of 
715 million hectares (3.54 t/ha), to 3.28 billion 
tons in 2050, from an area of some 736 mil-
lion hectares. This output equates to an aver-
age yield of 4.3 t/ha to meet food, feed and 
biofuel demands as well as losses of some 
40 per cent. If wastage was halved, the yield 
required would drop to 2.64 billion tons, cor-
responding to average yield of 3.44 t/ha, and 
not much more than what the world agricul-
ture is producing currently.

Reducing wastage is not going to be a sim-
ple matter because the issues involved are to 
do with our food habits and life styles as we 

become more affluent, urbanized and glo-
balized, and the way the modern food sys-
tem operates to store, process, and package 
and deliver food to meet demands. However, 
we can presume that there will be increas-
ing pressure in the future from the consum-
ers and governments to minimize wastage 
of food as cost of production and consumer 
prices rise, particularly in view to comply 
with the SDG 12 on responsible consump-
tion and production.

To characterise the nature of the supply 
side, we have used cereal output required, 
and the corresponding net land area and av-
erage yield, to set the quantities involved. 
This is because cereals meet two-thirds of 
our calorie needs. Also, the proportion of 
net land area under cereals to annual non-
cereal crops is generally about 50:50 (Bonte-
Friedheim, C. and Kassam, A. 1994), and 
as cereal production increases, so does the 
non-cereal production. Thus the total agricul-
tural land area required to meet global agri-
cultural needs from annual cropping at 2050 
will be some 763 x 2 = 1.53 billion hectares. 
Assuming that there is additional need for 
land for permanent crops of various kinds 
of some 0.5 billion hectares would suggest 
a total net land area needed for annual and 
perennial crops of around 2 billion hectares.

Currently the total agricultural cropped 
area is 1.6 billion hectares. According to FAO 
(FAO/IIASA 2002; (FAO 2012), potential suit-
able agricultural land area globally (i.e. very 
suitable, suitable and moderately suitable 
land combined) is some 4.5 billion hectares. 
Thus, the net current cropped land area corre-
sponds to some 36 per cent of the total global 
available suitable land area. In addition to the 
suitable agricultural land, there is some 2.7 
billion hectares of marginal lands. We believe 
that this includes some 0.4 to 0.5 billion hec-
tares of land area that was once suitable ag-
ricultural land but has been abandoned over 
the years (Dregne, H.E. and Chou, N.T. 1992; 
Pimentel, D. et al. 1995; Montgomery, D.R. 
2007; Gibbs, H.K. and Salmon, J.M. 2015), 
particularly since the World War II, due to 
severe land degradation and erosion arising 
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from the unsustainable way land is managed 
under the tillage-based agriculture in indus-
trialized countries and in developing coun-
tries (Montgomery, D.R. 2007).

For the expected plateau population of 10 
billion around 2100 and beyond, the total ce-
real required could be some 5 billion tones, if 
everyone were to demand some 500 kg per 
capita of cereals, which is the current level 
in Europe to meet food, feed and biofuel de-
mands and the amount that is wasted. This 
equates to a yield of some 6.55 t/ha assuming 
no more area expansion in the net cropped 
area beyond 2050 (i.e. 763 million hectares) 
and no decrease in wastage, or 5.24 t/ha as-
suming 50 per cent decrease in wastage. 
Alternately, if we assumed an expansion of 
net land area for cereal cropping to 1 bil-
lion hectares, then the corresponding yields 
would be 5 t/ha, assuming current levels of 
food wastage, or 4 t/ha assuming a 50 per cent 
decrease in food wastage. 

Whichever way the future unfolds, it 
would seem that the total net area required 
to meet global food and agricultural needs 
would be between 2 and 2.5 billion hectares. 
Based on the assessments of land and water 
resources available, FAO and their collabora-
tors have maintained that it should be pos-
sible to meet 2050 global food, feed, biofuel 
demand (including wastage) within realistic 
rates for land and water use expansion and 
yield development (FAO 2014).

The ‘hidden’ reality and societal cost of 
conventional tillage agriculture

While the quantities of yield and total output 
supply involved to support the food demand 
at 2050 appear agronomically doable, and 
there appears to be enough available land 
and water resources to support the required 
output, the reality on the ground on farms 
tells a different story.

The FAO future projections are based on 
assessments that assume the continued use 
of the tillage-based agricultural production 
systems (FAO 1978–l981, 2012, 2014; FAO/

IIASA 1984, 2002). However, the assessments 
do not explicitly take into account the result-
ing degradation and loss of crop and land 
productivity that has been occurring over 
the past years and which will continue in 
the future, leading to loss in productivity 
and marginalization and abandonment of 
agricultural lands. The marginal suitability 
category of land in the FAO assessments in-
cludes much of the degraded and abandoned 
agricultural land whose original agroecologi-
cal suitability status is unknown. 

Additionally, it is assumed that yield gaps 
can continue to be filled based on the current 
practice of intensive tillage and increased ap-
plication of costly and excessive production 
inputs, assuming the same or even higher 
production increase rates than in the past. In 
other words, the paradigm assumed to meet 
future food demand in the future scenarios 
of FAO and their collaborators is the degrad-
ing ‘business as usual’ (FAO 1978–1981, 2012, 
2014; FAO/IIASA 1984, 2002).

This ‘more of the same’ approach to inten-
sification can no longer be considered to be 
sustainable economically, environmentally 
and socially anywhere including in the in-
dustrialized nations and in the emerging 
economies. In the low income countries, till-
age agriculture based on the use of hoes and 
animal traction to pull simple ploughs leads 
to land degradation and loss of top soil to the 
point where land is eventually abandoned. 
Often, the lack of mineral fertilizers acceler-
ates the loss in crop and land productivity.

Further, in many important high yield 
production areas the yields have reached a 
ceiling (Brisson, N. et al. 2010), with declin-
ing or even negative rates of yield increase. 
Conventional tillage-based production sys-
tems (sometime referred to as the Green 
Revolution (GR) agriculture paradigm) 
have generally become unsustainable for 
the future. This is because they have been 
causing land and ecosystem degradation, 
including loss of agricultural land, and loss 
of productivity and ecosystem and societal 
services (Montgomery, D.R. 2007; Goddard, 
T.M. et al. 2007; Kassam, A. et al. 2009, 2013; 
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Lindwall, C.W. and Sontag, B. 2010; Basch, 
G. et al. 2012; Jat, R.A. et al. 2014; Farooq, M. 
and Siddique, K.H.M. 2015). 

This GR approach does not seem to be go-
ing anywhere now even in the nations where 
it is claimed to have made an impact in the 
1960s and the 1970s. For example, it is often 
stated that countries in Asia were the first 
to benefit from the GR, but the question is 
why did it not continue to spread? In fact, the 
conventional ‘modern’ approach to crop pro-
duction intensification based on expensive in-
tensive tillage, seeds, agrochemicals and en-
ergy is often not affordable by resource poor 
smallholder farmers, nor does it lend itself to 
socio-culturally inclusive development, given 
that all the individual production enhancing 
interventions of increased inputs must fit into 
some form of a ‘neoliberal business model’ in 
which it is assumed that farmers must pur-
chase additional inputs from retail dealers in 
the supply chain who are buying those inputs 
from the wholesale dealers who are supplied 
by the manufacturer.

The point we are making is that the so 
called GR approach has led, particularly since 
World War II, to a paradigm for production 
intensification that is based on intensive till-
age and the notion that more output can only 
come from applying more purchased inputs, 
and that farmers and their service providers 
and governments do not need to worry about 
the negative externalities that may arise as a 
result of the production practices being ap-
plied (Pretty, J. 2002; Beddington, J. 2011). 
Nor is there any concern being expressed in 
the conventional GR agriculture approach 
about agricultural land area continuing to be 
severely degraded and abandoned due to the 
negative impact of the conventional tillage-
based production paradigm (Kassam, A. et al. 
2009, 2013). Many areas, which in human his-
tory were the cradle of culture and intensive 
agriculture, are deserts today (Montgomery, 
D.R. 2007).

Some 400 million hectaresof agricultural 
lands are reported to have been abandoned 
since the World War II due to severe soil and 
land degradation; and yields of staple cereals 

in industrialized regions appear to have stag-
nated under tillage agriculture (Montgomery, 
D.R. 2007; Brisson, N. et al. 2010, Gibbs, H.K. 
and Salmon, J.M. 2015). These are signs of un-
sustainability at the structural level in the so-
ciety, and it is at the structural level, for both 
supply side and demand side, that we need 
transformed mind sets about production, 
consumption and distribution. Intensification 
under the GR paradigm globally has led to 
more intensive and aggressive mechanical 
soil tillage, input use and the application of 
economic models such as the specialization 
leading to extended monocropping. The re-
sult is more land degradation, erosion, pollu-
tion and vulnerability of agriculture related 
to extreme climatic events under a climate 
change scenario.

These practices in the tillage-based con-
ventional production systems have all con-
tributed, at all levels of development, to soil 
degradation and loss of agricultural land, 
decrease in attainable yields and input fac-
tor productivity, and excessive use of seeds, 
agrochemicals, water and energy, increase in 
cost of production, and poor resilience. They 
have also led to dysfunctional ecosystems, 
degraded ecosystem and societal services, in-
cluding water quality and quantity, nutrient 
and carbon cycles, suboptimal water, nutri-
ent and carbon provisioning and regulatory 
water services, and loss of soil and landscape 
biodiversity. They all constitute the unaccep-
table food, agricultural and environmental 
costs being passed on to the public and to 
the future generations. 

This is why we say that if we are to: (i) mo-
bilize greater crop and land potentials sus-
tainably to meet future food, agriculture and 
environmental demands; (ii) maintain high-
est levels of productivity, efficiency and resil-
ience (‘more from less’); and (iii) rehabilitate 
degraded and abandoned agricultural land 
and ecosystem services, we need to replace 
the faltering production ‘engine’– the con-
ventional tillage-based production paradigm 
– and transform the food and agriculture sys-
tems that are built upon it. This transforma-
tion is now ongoing and needs to be acceler-
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ated (Goddard, T.M. et al. 2007; Kassam, A. 
et al. 2009, 2013, 2015, 2016; Lindwall, C.W. 
and Sontag, B. 2010; Jat, R.A. et al. 2014; 
Farooq, M. and Siddique, K.H.M. 2015). 

Replacing the faltering conventional 
tillage-based production engine with 
no-till CA

Soil’s productive capacity is derived from 
its many components (physical, biologi-
cal, chemical, hydrological, climate) all of 
which interact dynamically in space and 
time within cropping systems and within 
agroecological and socio-economic environ-
ments. A productive soil is a living biological 
system and its health and productivity de-
pends on managing it as a complex biological 
system, not as a geological entity. A regularly 
tilled soil, whether with a hand hoe or with 
a plough, eventually collapses and becomes 
compacted, cloddy and self-sealing. Instead 
of having 50 to 60 per cent  air space in a 
healthy undisturbed soil, tilled soils have 
much lower volume of air space and no sig-
nificant network of biopores. Of the 50 to 60 
per cent pore space in a healthy soil, some 50 
per cent can be filled with water, thus serv-
ing as a major buffer against climate variabil-
ity. On the other hand, a regularly tilled soil 
would hold much less water due to its low 
pore volume and poor aggregate stability.

Scientific studies and empirical evidence 
worldwide have shown that the biology of 
the soil and all the biological processes along 
with the other chemical, hydrological and 
physical processes depend on soil organic 
matter content. 

So the real secret of maintaining a healthy 
soil is to manage the carbon cycle properly, 
so that the soil organic matter content is al-
ways as high as possible above 2 per cent, 
that the soil is not disturbed mechanically to 
minimize the decomposition of organic mat-
ter, and that the soil surface is protected with 
a permanent layer of organic mulch cover 
which also serves as a substrate for soil mi-
croorganisms. In addition to maintain and 

support natural enemies of pests, a food web 
must be allowed to establish itself in the field, 
and this can only occur if there is a source of 
decomposing organic matter upon which to 
establish a food web above and below the 
ground surface, providing habitats for the 
natural enemies of pests.

As FAO’s ‘Save and Grow’ approach 
shows (FAO 2011, 2016), to harness the 
conditions that are sufficient for achieving 
sustainable production intensification, agri-
culture must literally return to its roots and 
rediscover the importance of healthy soils, 
landscapes and ecosystems while conserv-
ing resources, enhancing natural capital and 
the flow of ecosystem and societal services 
at all levels – field, farm, community, land-
scape, territory and national (and beyond). 
The no-till production paradigm, known as 
CA (CA), is totally compatible with the above 
multi-dimensional goal as defined by its fol-
lowing three interlinked principles (www.
fao.org/ag/ca):

1. No or minimum mechanical soil disturbance. 
Avoiding tillage and sowing seed or plant-
ing crops directly into untilled soil in order 
to: lessen the loss of soil organic matter and 
disruptive mechanical cutting and smearing 
of pressure faces, promote soil microbiologi-
cal processes, protect soil structure and con-
nected pores, avoid impairing movement of 
gasses and water through the soil, and pro-
mote overall soil health. 

2. Maintaining a permanent mulch cover on 
the soil surface with growing plants and crop 
residue. Use crop residues (including stub-
bles) and cover crops to: protect the soil sur-
face, conserve water and nutrients, supply 
organic matter and carbon to the soil system 
and promote soil microbiological activity to 
enhance and maintain soil health including 
structure and aggregate stability (resulting 
from glomalin production by mycorrhyza), 
and contribute to integrated weed, pest and 
nutrient management. 

3. Diversification of species. Use of diversi-
fied cropping systems with crops in associa-
tions, sequences or rotations that will con-
tribute to: diversity in rooting morphology, 
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root compositions, enhanced microbiological 
activity, crop nutrition, crop protection, and 
soil organic matter build-up. Crops can in-
clude annuals, trees, shrubs, nitrogen-fixing 
legumes and pasture, as appropriate.

Implementing the above three principles 
using locally appropriate practices, along 
with other good practices of crop, soil, nu-
trient, water, pest, energy management, the 
above principles appear to offer entirely-ap-
propriate solution, potentially able to slow 
or reverse productivity losses and environ-
mental damages. They also offer a range of 
other benefits, which generally increase over 
time as new and healthier soil productivity 
equilibrium is established, including:
 – Increase yields, farm production and prof-
it, depending on the level of initial degra-
dation and yield level (ECAF 2011; Soane, 
B.D. et al. 2012; Jat, R.A. et al. 2015; Farooq, 
M. and Siddique, H.K.M. 2015; Li, H. et al. 
2016; Kassam, A. et al. 2013, 2016). 

 – Up to 50 per cent  less fertilizer required if 
already applying high rates, and greater 
nutrient productivity with increased soil 
organic matter level (Sims, B. and Kassam, 
A. 2015; Lalani, B. et al. 2016; Kassam, A. 
et al. 2016).

 – Some 20–50 per cent less pesticides and 
herbicides required if already applying 
high rates, and greater output per unit of 
pesticide or herbicide. In the case where 
pesticides and herbicides are not used or 
available, integrated weed and pest man-
agement can achieve adequate pest and 
weed control with less labour require-
ments (Lindwall, C.W. and Sonntag, B. 
2010; Lalani, B. et al. 2016; Kassam, A. et 
al. 2016).

 – Up to 70 per cent less machinery, energy 
and labour costs. In manual production 
systems there can be a 50 per cent reduc-
tion in labour requirement as there is 
much less or no labour required for seed-
bed preparation and for weeding (Sims, 
B. and Kassam, A. 2015; Freixial, R. and 
Carvalho, M. 2010). 

 – Decrease in soil erosion and water runoff 
(Derpsch, R. 2003), increase water infiltra-

tion, water retention and up to 40 per cent 
reduced water requirement and increased 
water productivity in rainfed and irrigated 
conditions (Landers, J. 2007; Basch, G. et 
al. 2012; Jat, R.A. et al. 2015).

 – Greater adaptability to climate change in 
terms of more stable yields, and lower im-
pact of climate variability from drought, 
floods, heat and cold (Thierfelder, C. et 
al. 2015; Kassam, A. et al. 2016). 

 – Increased contribution to climate change 
mitigation from increased soil carbon se-
questration, reduced greenhouse gas emis-
sions, and decrease in the use of fossil fuel. 
Additionally, lower carbon and environ-
mental footprint due to reduced use of 
manufactured inputs such as agrochemi-
cals and machinery (ECAF 2011; Corsi, S. 
et al. 2012; Gonzalez-Sanchez, E.J. et al. 
2012; Kassam, A. et al. 2009, 2013). 

 – Lower environmental cost to the society 
due to reduced levels of water pollution, 
and damage to infrastructure such as 
roads, bridges and riverbanks as well as 
water bodies due to reduced erosion and 
floods (Mello, I. and van Raij, B. 2006; 
ECAF 2011; Laurent, F. et al. 2011; ANA 
2011; ITAIPU 2011).

 – Rehabilitation of degraded lands and eco-
services from all agricultural land under 
use as well as from abandoned agricultural 
land in which the eroded topsoil and the 
soil profile need to be rebuild (Kassam, A. 
et al. 2013). 

 – Greater opportunity for establishing large 
scale, community-based, cross-sectorial 
ecosystem service programmes such as 
the watershed services programme in the 
Parana Basin in Brazil, and the carbon offset 
trading scheme in Alberta, Canada (Mello, 
I. and van Raij, B. 2006; Haugen-Kozyra, 
K. and Goddard, T.M. 2009; Kassam, A. et 
al. 2011, 2013; Laurent, F. et al. 2011; ANA 
2011; ITAIPU 2011; CCC 2011).
The above benefits have now been docu-

mented on large and small farms through-
out the world (Goddard, T.M. et al. 2007; Jat, 
R.A. et al. 2015; Farooq, M. and Siddique, 
K.H.M. 2015; Kassam, A. et al. 2015, 2016). 
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Consequently, increasingly greater attention 
is being paid to support the adoption and up-
scaling of CA by governments, international 
research and development organizations, na-
tional research and development bodies, NGOs 
and donors. They all see it as a viable option 
for sustainable production intensification to 
support local and national food security, pov-
erty alleviation, especially of smallholders, im-
proving ecosystem services, and reducing cost 
of production and minimizing land degrada-
tion. In 2013–2014, the global spread of CA was 
157 million hectares of annual cropland, and 
since 2008–2009, the global area under CA has 
expanded at an annual rate of expansion of 10 
million hectares. Some 50 per cent of the area 
is located in the developing regions and 50 per 
cent in the industrialized world.

Increasingly, CA is also seen to be com-
plementary to System of Rice Intensification 
(SRI) because SRI performs best when 
aerobic soil conditions are maintained. 
Integrating SRI into rice crop management 
under CA increases significantly the water 
saving and yield potential. In practice, the 
SRI crop management method of planting in 
wide square spacing appears to benefit not 
only rice but many other crops including 
wheat, millet, tef, pulses and oilseeds, and 
vegetables (Uphoff, N. 2015).

Concluding remarks

In light of the above, we draw the following 
conclusions:
 – Meeting 2050 food demand is agronomi-
cally doable. However, business as usual, 
and continuing to rely on conventional 
tillage-based farming system for further 
intensification of agricultural production, 
is not an option to meet future needs sus-
tainably.

 – For the farming communities, CA ad-
dresses the root causes of agricultural 
land degradation, sub-optimal ecological 
crop and land potentials or yield ceilings, 
and poor crop phenotypic expressions and 
yield gaps. 

 – CA is potentially applicable in most land-
based agro-ecosystems and all cropping 
systems in rainfed and irrigated conditions.

 – CA is increasingly seen as a real alternative 
and constraints to adoption are being ad-
dressed. It is now increasing at the annual 
rate of 10 million hectares and covered 
some 157 million hectares in 2013–2014.

 – Land, water and climate constraints affect 
regions differently. All regions, but espe-
cially resource-poor regions, and areas 
affected by climate change would benefit 
immediately from CA. 

 – For developed regions, CA can improve 
profit, sustainability and efficiency at high 
yields with less degradation and more re-
sistance to climatic shocks. For the high 
output farmer, CA offers greater efficien-
cy (productivity) and profit, resilience and 
stewardship.

 – For developing regions, CA offers greater 
output and profit to small and large farm-
ers with less resources and land degrada-
tion. CA not only provides the possibility 
of increased crop yields for the low input 
smallholder farmer, it also provides a pro-
poor rural and agricultural development 
model to support agricultural intensifica-
tion in an affordable manner and an afford-
able way to adapt to climate change.

 – CA is capable of rehabilitating degraded 
lands and ecosystem services on land-
based production systems world-wide.

 – Policy and institutional (including edu-
cation and research) support, farmer or-
ganizations and champions are needed to 
mainstream the adoption of CA globally.
As national economies expand and diver-

sify, more people become integrated into the 
economy and are able to access food. However, 
for those whose livelihoods continue to de-
pend on agriculture to feed themselves and 
the rest of the world population, the challenge 
is for agriculture to produce the needed food 
and raw material for industry with minimum 
harm to the environment and the society, and 
to produce it with maximum efficiency and 
resilience against abiotic and biotic stresses, 
including those arising from climate change. 
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There is growing empirical and scientific 
evidence worldwide that the future global 
supplies of food and agricultural raw materi-
als can be assured sustainably at much lower 
environmental and economic cost by shifting 
away from conventional tillage-based food 
and agriculture systems to no-till CA-based 
food and agriculture systems. To achieve this 
goal will require effective national and global 
policy and institutional support (including 
research and education).
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