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1 Introduction

When our ancestors adopted crop agriculture, 
some 10,500 years ago, the entire global popu-
lation amounted to about 1 million people, with 
only about 100,000 in all of  Europe. It took until 
approximately 1810 for the world’s population 
to reach 1 billion people for the first time, and 
today it has grown to more than 7.6 billion, in-
creasing by about 200,000 per day, and is esti-
mated to reach 9.9 billion, an increase of  29%, 
by 2050 (PRB, 2018) and then perhaps 11 bil-
lion people by the end of  the century, thus pla-
cing tremendous pressures on increasing world 
food production of  all kinds. The United Nations 

(UN) projects that by 2050 agriculture will need 
to increase production by 70% (Alexandratos 
and Bruinsma, 2010) in order to maintain the 
same dietary standards that we have today, but 
the world would still have more than 800 million 
severely undernourished people and more than 
100 million living near starvation. In 2018, 
world cereal production was estimated to be 
2.56 billion tonnes, thus the world’s farmers 
will need to produce 3 billion tonnes by 2050 
to meet the FAO projections – and according to 
Fischer et  al. (2014) it is likely this can be 
achieved. As approximately 2.3 billion poor 
people could be added during that same period, 
it is just a rough estimate to give what increases 
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will be needed. Since 1990, the number of  
undernourished people has risen to 815 million 
on a global scale but did actually decline from 
900 million in 2000. Over the whole period from 
1990 to 2010, world food production per capita 
increased by 12% (Barrett, 2010). Unfortu-
nately, agricultural production was projected to 
increase by only about 1.3% per year during the 
period to 2030 (Mann, 1999). Fischer et  al. 
(2014) placed it higher, at around 1.5%, for cer-
eals. Therefore, it did not seem possible for agri-
cultural output to come close to reaching the 
2009 World Summit on Food Security goal of  
reducing by 50% the number of  hungry and 
malnourished people in the world by 2015 
(FAOSTAT, 2010). The World Bank (2008) esti-
mated that in 1990 approximately 1.13 billion 
people worldwide were living in poverty, but 
10 years later this figure was thought to have 
dropped to about 800 million. In spite of  all our 
technology and agricultural improvements, in 
2010 roughly 1 billion people still faced hunger 
on a daily basis. However, one must look very 
closely at the numbers involved. Some claim that 
there is no longer a major world food problem, as 
currently evidenced by the improvements in 
many developing countries, where the middle 
classes grow and there is a decrease in the per-
centage of  poor people. This is true if  we look at 
the percentages, but we should not look at per-
centages; instead, we need to look at the num-
bers, since there are about 1 billion impoverished 
people today when the world population is over 
7.6 billion (14%), but when the world population 
reaches over 9 billion people, all projections show 
a decline in percentage of  poor people.

Even with the projected increase in food 
production, food imports, on a world scale, will 
continue to increase; for example, wheat 
imports were projected to increase from 30 to 
75 million tonnes by 2020 (Pingali and Rosegrant, 
1998). However, the US Department of  Agricul-
ture (USDA) projected that increases in world 
wheat imports for 2018 would be about 170 
million tonnes. Imports cannot solve world food 
problems within a ceiling of  inadequate produc-
tion, especially since only countries that are 
wealthy enough will be able to afford them.

In the past, as the human population grew, 
crops and domesticated animals provided a stable 
source of  food; villages, towns and cities were 
formed and within them was developed the 

essence of  what we consider civilization today. 
People could specialize as political or religious 
leaders, music makers, storytellers, historians 
and gradually into all of  the myriad professions 
that we practise today. By about 5000 years ago, 
writing had been invented and history became 
recorded much more formally than earlier. What 
were once small groups of  people became larger 
and more powerful, warring with one another 
for land and wealth. More than 200 million 
people have died in wars over the past two cen-
turies, while our overall population grew from 
1 billion to 7.6 billion. Humans are certainly the 
dominant species now and we often seem to fail 
to recognize our limits as we drain the world’s po-
tentially sustainable resources and compete with 
one another for arable land and food supplies, 
wealth and ever-higher levels of  consumption.

Plants, once domesticated, were continu-
ally improved by selecting seeds and individuals 
that produced the highest yields and at the same 
time were sustainable. In 2010, FAOSTAT data 
showed a phenomenal increase in world food 
production over the preceding 47 years to about 
7.99 billion tonnes of  total food production, in-
cluding from both plant (6.90 billion tonnes) 
and animal (1.09 billion tonnes) sources, on ba-
sically the same amount of  land (USDA-NASS, 
2010). The dramatic increase in world crop pro-
duction, which supplies feed for domestic ani-
mals and food for human consumption, has 
mainly come from improved crop cultivars, tech-
nology advances and improved management 
practices. Over the next 40 years, about 80% of  
the required increase in world food production 
was projected to result from yield increases 
(67%) and higher cropping intensities, i.e. better 
management (12%), with the remaining 21% 
coming from a minimal expansion of  arable land 
under crop production (World Bank, 2008).

2 Requirements and Impediments

The main objectives in feeding the world’s popu-
lation include, first, the task of  increasing world 
food production, and improving dietary stand-
ards of  the chronically undernourished, for the 
expanding population. Secondly, even if  agricul-
ture can accomplish the daunting task of  in-
creasing production, we will have to deal with 
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the overwhelming task of  improving and ex-
panding the world’s infrastructure in order to 
distribute food equitably to all regions of  the 
world to offset the current consequences of  
population growth and increasing world hun-
ger. We will never see a lasting solution to the 
world food/hunger and poverty problem with-
out a strong balance between food production 
and distribution – in other words, social justice. 
Thirdly, agriculture needs to accomplish these 
objectives with a minimum impact on the 
world’s biodiversity and our fragile environ-
ment. Fourthly, the increased food production 
needs to be accomplished without significantly 
expanding existing levels of  land under cultivation. 
Approximately 11% of  the world’s landmass is 
used for crop production, with an estimated 22% 
more used for pasture, most of  which is natural 
grassland and manifestly unsustainable for crop 
production. No more than 10% of  additional ar-
able land is potentially available even for limited 
crop production (Bruinsma, 2003). The mas-
sive increase in food production between 1963 
and 2005 was accomplished utilizing about the 
same amount of  land as was under production 
in 2010 (USDA-NASS, 2010). For example, 
world grain yields more than doubled from 1.4 
tonnes per hectare (t/ha) in 1961–1963 to 
3.05 t/ha in 1997–1999, at the same time as 
the amount of  land required for producing the 
increase in grain yield actually declined by 
approximately 56% (World Bank, 2008). About 
one-eighth of  our necessary protein comes from 
the sea, but this supply does not appear elastic in 
relation to demand, and again, most of  it is taken 
by wealthy countries.

There is clear scope for increases in world 
food production on existing agricultural land 
and these increases should be feasible utilizing 
existing and newly developed technology. It was 
estimated that in parts of  South-east Asia, the 
average rice yields were only 60% of  their aver-
age maximum climate-adjusted yields (Godfray 
et al., 2010). In addition, 11 countries were pro-
ducing 37% of  the total world wheat tonnage on 
predominantly rainfed production conditions, 
well under their attainable yield potential (World 
Bank, 2008). If  farmers around the world were 
able to produce closer to their potential yield, 
the world’s production levels should signifi-
cantly increase without any additional land 
being brought into cultivation. This increase in 

production should equal over 23% of  the cur-
rent world production. As has been shown in the 
past 50 years, any local or national improve-
ment in cultivars and management will spill 
over into the rest of  the world. The world needs 
to understand that agriculture is not a local or 
national industry and any changes that are 
made on a local level will have global impacts. 
On the other hand, the droughts in Australia 
and Argentina seem tied to global climate 
change, as does the irregularity of  the monsoon 
season in India. Therefore, food production in-
creases will surely be subject to a number of  
additional constraints yet to be defined.

Even though this discussion indicates the 
potential for major increases in world agricul-
tural production on existing cultivated land, 
based on existing and newly developed technol-
ogy, there are at least three impediments that 
could limit increased world food production.

1. The technology and management improve-
ments required for advancing yield might not be 
accessible or applicable to all crops, regions and 
farmers of  the world.
2. Advanced technology and management in-
puts in agriculture could spread into areas of  the 
world where they could accelerate environmen-
tal problems and have an adverse impact on bio-
diversity.
3. The understanding of  agriculture by the 
public and by farmers certainly needs to be 
vastly improved for productivity to be increased, 
because we need a cooperative environment 
where agriculture can grow as increased num-
bers of  people move into cities and tend to place 
obstacles in the way of  improving crop produc-
tion or to pay insufficiently to support those who 
raise our food.

Intensifying agricultural technology on 
existing lands, therefore, has had and will 
continue to have a major role in preserving 
biodiversity and maintaining the sustainability 
of  our fragile global environment overall.

3 Technology for the Creation  
and Deployment of Diversity

One vital need to eliminate hunger and poverty 
involves the preservation of  sufficient genetic 
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 diversity in cultivated plants and their relatives 
to ensure that breeders have the capacity to cre-
ate cultivars capable of  resisting biotic and abi-
otic stresses and adapting to new environmental 
conditions. Existing, improved and newly devel-
oped biotechnological tools alongside traditional 
technology will play major roles in improving 
world food production, in the same manner as 
did the Green Revolution that occurred from the 
1960s through the 1980s. This will amount to 
what Conway (1999) termed ‘the doubly green 
revolution’. The main problem will be the degree 
to which individual countries, industrialized and 
developing, can manage existing and new tech-
nologies to adapt and improve their production 
with advantageous changes in agronomic practices 
and production costs without any adverse effects 
on the world’s environment and biodiversity.

The domestication and development of  
crops over the past 10,500 years has involved 
progeny selection from the most productive indi-
viduals based on their phenotypes. Existing and 
new biotechnologies are taking plant improve-
ment to new heights with the potential of  greatly 
improving food quality and production. Existing 
and new agricultural technologies are com-
posed of  individual systems that involve both 
public and private breeders’ plant selection pro-
grammes and involve many technologies, in-
cluding the following.

1. Tissue culture, in which plants can be broken 
down into cell suspensions that are manipulated 
followed by regenerating plants, bypasses the 
traditional approaches to seed production.
2. The utilization of  anther culture coupled 
with various chromosome-doubling techniques 
can successfully create double haploid popula-
tions, greatly reducing the time required to pro-
duce commercial cultivars.
3. Modern approaches to mutation technology 
have been and will continue to be successful in 
creating additional genetic variation necessary 
for crop improvement programmes.
4. More recently, the utilization of  molecular 
marker-assisted selection, where various types 
of  DNA marker systems are linked to tradition-
ally difficult-to-screen value-added traits of  
interest, have already been successfully used in 
cultivar improvement programmes (for an excel-
lent review see Tester and Langridge, 2010). 
Among the techniques most commonly being 

used today are: restriction fragment length poly-
morphism (RFLP) and amplified fragment length 
polymorphism (AFLP), which at the present 
time are not being widely used for marker-assisted 
selection; simple sequence repeat or microsatel-
lite repeat (SSR); single nucleotide polymorphism 
(SNP); and diversity array technologies (DArT).
5. The application of  genome-wide selection is 
mainly used for selection involving quantitative 
traits in both animals and plants (Goddard and 
Hayes, 2009; Mayor and Bernardo, 2009). How-
ever, genome-wide selection requires the avail-
ability of  a massive number of  very cheaply 
available markers (up to 20 markers per centi-
morgan (cM, the unit for measuring genetic 
linkage)) or a high-density chip specifically for 
the species being manipulated, which can be 
very expensive technology. Also, when selecting 
on a genome-wide scale one has to consider the 
presence of  considerable linkage drag.
6. The application of  genomic sequencing of  
individual plant genomes to expose the location 
and potential function of  the entire genetic com-
position of  an organism can be used in conjunc-
tion with other technologies to assist cultivar 
improvement programmes.
7. Plant transformation technology creates 
genetically modified organisms (GMOs). This in-
volves bypassing the sexual process to transfer 
genes from one organism to another and has al-
ready been successful in several crops.

A brilliant new technique for improving the 
agronomic characteristics of  plants has emerged 
in the past two decades: the application of  clus-
tered regularly interspaced short palindromic 
repeats (CRISPR) and CRISPR-associated (Cas) 
systems (reviewed by Bomgardner, 2017), 
which is currently showing considerable poten-
tial applications in biotechnology crop improve-
ments. The identification of  a target site within a 
target gene of  a plant species is quite straightfor-
ward using CRISPR technology, which requires 
the editing components to be delivered to plant 
cells. Using the current technology, it is common 
to introduce the selected genes as transgenes, 
but CRISPR methods are more direct. Their use 
is spreading rapidly and will clearly bring great 
benefit to the characteristics in the future, a tre-
mendously important advance given the major 
changes in climate that we are facing over the 
decades to come. The ability to produce targeted 
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mutations in any plant gene is extremely valu-
able in manipulating specific genes within a crop 
which are likely to improve its most critical 
features.

Most of  the traditional and newly developed 
technologies have been adapted to work effi-
ciently in a more land- and labour-intensive 
form of  agriculture improvement. It is clear that 
traditional organic farming applications are not 
capable of  producing enough to feed or improv-
ing dietary standards of  the existing world popu-
lation, let  alone the projected increase to 9.9 
billion people by 2050. It has been estimated 
that a world population of  only 4 billion people 
could be sustained if  organic nitrogen farming 
systems were in place on a global scale (Buringh 
and van Heemst, 1977; Smil, 2001, 2004; Conner, 
2008), though requiring significantly more 
land under production to generate the required 
organic nutrients. All things considered, we are 
not really sure how many people the world can 
support sustainably, but we clearly need to 
 develop sustainable, productive agriculture to 
the extent that we can while working with other 
factors leading to sustainability at the same time.

4 Discussion

Existing data indicates that agriculture is cap-
able of  feeding the projected increased world 
population on approximately the same amount 
of  land that is currently under production 
(World Bank, 2008). However, it will take all of  
the available technologies and skills of  plant and 
animal breeders and agronomists, coupled with 
the actions of  farmers, to achieve the desired 
goal of  eliminating world hunger. In addition, 
integrated pest management (IPM), water man-
agement, precision farming, limiting chemical 
input and many other techniques must be wisely 
applied and improved simultaneously to maxi-
mize yield from existing farmland. Only the co-
ordinated application of  all these techniques will 
improve the productivity of  the lands currently 
cultivated to the degree needed.

Significant progress has been made over the 
past several years in advancing our knowledge 
of  biology, which is being applied to technology 
adaptable to improving agricultural production. 
We do not know the direction current research 

will take, but we can assume that any commer-
cial application is going to be determined by 
world economic and social factors. The private 
sector and many funding agencies are increas-
ingly addressing the agricultural needs of  devel-
oping countries. That a ‘back to nature’ or the 
‘pure organic’ approach can feed the world’s 
people is a theory that does not take into account 
the current world population and the scale of  
human suffering from malnutrition and starva-
tion. Embracing social justice is the only way 
that people can really survive and prosper and 
we need to utilize all of  our resources to accom-
plish the goal of  feeding humanity.

All crops will continue to be improved by 
traditional and biotechnological approaches to 
advance their yield potential. Building adaptable 
gene complexes into crop varieties for the future 
is something that we must do, especially in the 
face of  global climate change and the world’s in-
creasing population. This process will require a 
much larger number of  cultivars, with different 
genetic backgrounds, to be spread around the 
world than in the past. In future crop develop-
ment, several factors seem especially important.

1. We need to understand the characterization of  
the genome structure, gene function and regulation, 
and evolution at macro- and micro- geographical 
scales of  all crops and animals.
2. We need to combine single- and multi-locus 
value-added traits to produce a higher degree of  
cultivar development.
3. Crop genetic systems must be analysed to de-
termine the genetic flexibility of  various species 
in diverse ecological contexts, according to their 
breeding systems, mutation rates, genome re-
combination properties, genomic distribution 
and function of  structural genes (primarily abiotic 
and biotic stress genes).
4. We need to characterize the interface between 
developing agricultural ecological dynamics and 
adaptive ecosystems in order to manipulate gen-
ome composition and limit the potential for gene 
contamination.

In the past, when modern agriculture com-
peted with the traditional subsistence forms of  
agriculture, local landrace cultivars were often 
discarded in favour of  the new high-yielding 
cultivars. Recently, massive efforts have been 
undertaken to preserve crop and animal diversity, 
which has resulted in the characterization of  
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more old and new landrace diversity of  all kinds, 
and these are being more widely used in agricul-
ture and breeding programmes than 50 years 
ago. Extraordinary efforts are being made in this 
area, but much crop diversity is being lost at the 
same time. National and international seed 
banks are and will continue to be critically im-
portant to agriculture and the maintenance of  
the world’s biodiversity. The continued long-term 
health of  world food production is one of  the 
foundations to world security. The stable future 
of  humanity, our environment and our biodiver-
sity are intimately tied to the improvement of  
crop production. Adequately feeding the world’s 
population is clearly one of  the most important 
challenges facing the world today and in the 
future.

At the same time, and as rapidly as we can, 
we need to achieve a global population level that 
is sustainable, an achievement that will clearly 
depend in a major way on empowering women 
throughout the world. Efforts to do this are in-
creasing in some areas, but they need to be 
greatly strengthened so that women everywhere 
can gain the right to control their own destinies, 

make whatever contributions they can to our 
common good and determine their own repro-
ductive decisions. We need to achieve just and 
sustainable levels of  consumption worldwide; 
five planets would be necessary if  everyone lived 
at the current level of  consumption in the USA, 
while at the same time many of  the poorest na-
tions are entering what Mathis Wackernagel, 
founder of  the Global Footprint Network, has 
termed an ‘environmental poverty trap’ as a 
condition that will deny them the resources to 
import food. There is little evidence that wealthy 
nations will step in to feed the countries of  
sub-Saharan Africa, for example, which makes 
the concept of  producing enough food for the 
whole world somewhat of  an illusion. We need 
to care enough to stop global climate change if  
agriculture is to stay close to its present levels of  
productivity, let alone improve them. Overall, a 
world in which national greed is dominating as a 
policy can never be a world where everyone is 
adequately fed, regardless of  how much food 
might be produced. We need social justice and 
love for one another if  we are ever going to 
achieve such a goal.
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