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Biotechnological improvement of drought and salt tolerance of crops: 
a new paradigm for increasing food production 

Osear Vicente' ·r2, Mohamad Al Hassan 1 and Monica Boscaiu2 

World population, at present about 7.4 x 109 inhabitants, is expected to grow 
by almost 30% over the next 35 years, to reach 9.2 x 109 people in 2050. According 
to F AO estimates, it will be necessary to increase agricultura! production by at least 
60% over 2005-2007 levels to meet the expected demand for food. This is probably 
one of the biggest challenges that mankind has ever faced; yet, if we look at the 
recent past, this goal - a priori - does not seem so difficult to achieve. lndeed, in 50 
years, between 1960 and 2009, world population more than doubled - from 3 x 109 to 
6.8 x 109 people - while it was still possible to increase the amount of food per capita, 
from 2200 Kcal/person/day to an average of more than 2800 Kcal/person/day. 
Obviously, this food is not distributed evenly: while the average food supply in Europe 
reached in 2009 almost 3400 Kcal/person/day, it was below 2000 Kcal/person/day 
in sorne developing countries in sub-Saharan Africa and South East Asia. A fairer 
distribution of food worldwide is largely a matter of political will and international 
solidarity - although it will imply significant economic and logistical questions that 
should also be addressed - and many people believe that there should be no technical 
problems to feed the world's population if we were able to share the available food 
resources. Unfortunately this reasoning is flawed: the methods used in the past 
during the so-called 'Green Revolution' (GR) of the l 960s and l 970s allowed a huge 
increase in the amount of food available to mankind, but cannot be applied anymore 
under the present, quite different circumstanccs. As a consequence of the GR, currcnt 
agricultura! production is mostly based on an excessive use of intensive production 
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practices - that will not be sustainable in the long term - and is very dependent on 
large amounts of inputs, including the massive use of agrochemicals (pesticides, 
hcrbicides, chemical fertilizers ), and of water for irrigation. In a world where the area 
of arable land is actually decreasing and irrigation water is becoming an increasingly 
scarce resource, the most obvious strategies to rapidly increase agricultura} production 
(a significant increase of the global cropland area, or the relative area of land cultivated 
under irrigation) should be ruled out; the use of our actual high-input agriculture in 
marginal, low-fertility soils will be also unsustainable. In addition, the loss of genetic 
diversity of our crops and the forseeable effects of climate change contribute to 
make necessary a change of paradigm in plant breeding and agricultura! practices. 
Innovative approaches will be required to boost crop yields and food production in 
the years ahead. 

For all major crops, average yields are only a fraction - between 20 and 50% -
of record yields; environmental abiotic stress conditions, especially drought and 
soil salinity, are the main factors responsible for these yield reductions. Therefore, 
generation of crops tolerant to water and salt stress appears to be the most effective 
strategy to increase crop productivity, and hence food supply, in the next few decades, 
by reducing yield losses and extending the area available for agriculture. To develop 
these tolerant varieties in the shortest possible time, all available means should be used: 
genetic engineering to generate GM plants with these drought and/or salt-tolerance 
phenotypes, as well as conventional breeding methods (i.e., sexual crosses and 
selection) ... but with the help of the biotechnological tools developed in recent years 
that are now available to the plant breeder. 

Up to now, apart from a few specific examples, neither traditional plant 
breeding nor genetic enginecring has dclivcred widcly used commercial stress­
tolerant varieties. Ncvertheless, research lines in progress are providing promising 
rcsults and we should be confident that in the coming years the combination of both 
approaches will allow the improvement of abiotic stress tolerance for our major crops. 

In this communication, positive and negative aspects of the 'Green Revolution' 
and the present situation regarding food supply will be reviewed. We will comment 
on the challenges facing crop production in the immediate future, in the context of 
global climate change and in the frame of a sustainable agriculture, without further 
degradation of the environment or depletion of the natural resources our next 
generations should inherit. Finally, the aforcmentioned strategies to increase crop 
productivity based on thc development of drought and salt stress resistant varieties 
will be discussed, including reference to sorne successful examples and promising 
lines of reseach. 
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