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Synopsis of talk:

- Land suitability for cultivation;

- Global change drivers:
• Crop responses to elevated CO2,
• Crop responses to rising temperature and drought       

occurrence,
• Human-driven changes in land use;

- Reversing desertification trends: “climate proof” model 
plants.
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The total area of cultivated land worldwide increased 466% 
from 1700 to 1980. 



Houghton, 2001 (in Roy et al, Terrestrial Global Productivity)
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Top panels: the climatic and soil quality limits to cultivation. The climatic limit is calculated by 
applying the growing degree days and moisture functions to their respective spatial data. The soil 
quality limit is calculated by applying the soil carbon density and soil pH functions to their 
respective spatial data. Bottom left panel: overall index of land suitability for cultivation derived 
as a product of the climate and soil quality limits to cultivation. Bottom right panel: the 
distribution of croplands in 1992 (Ramankutty et al., Global Ecology & Biogeography2002).

The total global extent of suitable cropland in the current climate is 41 million km2. 
This is roughly 120% larger than the 1992 global cropland area of 18 million km2.

The greatest potential for croplands in the current climate exists in Tropical Africa 
(5.6 million km2) and northern South America (4.7 million km2). Indeed, the tropical 
forests and woodlands are just beginning to be exploited. The forests in Amazonia 
are being cleared at a rapid rate for ranching. 

Land suitability for cultivation is a function of c limate and soil properties



Future improvements should include more mechanistic representations of soil 
characteristics and climate parameters. The influences of topography and irrigation 
also need to be included. Finally, the competition between different sectors of the 
economy, such as forestry, urbanization, etc. for the same piece of land has to be 
accounted for. For instance, a large area of prime farmland in the United States and 
China is currently being lost to urbanization.

The index of land suitability for cultivation is simply a measure of the probability 
that land will be cultivated. It does not quantify exactly the ultimate productivity of 
the land. Although global climate change due to increasing greenhouse gases might 
increase the area of land that is cultivable, the actual yield of crops might decrease.

Multiple stresses, such as limited availability of water resources, loss of biodiversity, 
and air pollution, are increasing sensitivity to climate change and reducing resilience 
in the agricultural sector. Ozone has significant adverse effects on crop yields, pasture 
and forest growth, and species composition. 



The environment today: human-driven changes



The fertilisation effect of elevated [CO2]

de Saussure (1804) first demonstrated that peas exposed to elevated [CO2] 
grew better than control plants in ambient [CO2].



OTCs had been already widely used in the field of air pollution research for 
exposing field grown plants (Heagle et al. 1973, Journal of  Environmental 
Quality).

A major advantage of OTCs is the possibility of tracking the dynamic 
changes in temperature, light, and rainfall without costly and complex 
environmental controls characteristic of closed chambers or the high cost of 
CO2 and capital investment required by Free Air CO2 Enrichment (FACE) 
systems.



FACE technology. The lower left panel shows a thermal 
image of part of the ring shown above. Elevation of [CO2] 
decreases stomatal conductance and transpiration; 
consequently, the vegetation within the ring is 
significantly warmer. This image also provides graphical 
illustration that the elevation is relatively uniform 

Example 
from a test 
ring of 
controlled 
elevation over 
a 16-h period. 

Long et al.; Science2006





Comparison of theoretical and actual changes in C3 crop production parameters at an 
elevated [CO2] of 550 ppm relative to ambient [CO2]. Theory, theoretical RuBisCO-
limited photosynthesis at 550 ppm; A’, measured daily integral of carbon uptake; 
biomass, final above-ground biomass; yield, harvestable grain yield.

Long et al.; Science2006



Seasonally, the largest warming is likely to be in northern Europe in winter and in the 
Mediterranean area in summer. 
Minimum winter temperatures are likely to increase more than the average in northern 
Europe. 
Maximum summer temperatures are likely to increase more than the average in southern 
and central Europe.

Climate change will pose two major water management challenges in Europe: increasing 
water stress mainly in south-eastern Europe, and increasing risk of floods throughout most 
of the continent.
The annual number of precipitation days is very likely to decrease in the Mediterranean 
area. Risk of summer drought is likely to increase in central Europe and in the 
Mediterranean area.



Warming greater than the global mean is projected for South Asia (3.3°C) and East Asia 
(3.3°C), and much more than the global mean in the continental interior of Asia (3.7°C in 
central Asia, 3.8°C in Tibet and 4.3°C in northern Asia).

Models indicate an increase in annual precipitation in most of Asia during this century, the 
percentage increase being largest in North and the Tibetan Plateau, and East Asia. The 
main exception is central Asia, particularly its western parts, where most models simulate 
reduced precipitation in the summer. It is also likely to increase in the southern parts of 
Southeast Asia. Summer precipitation is likely to increase in North, South, Southeast and 
East Asia, but decrease in central Asia.

Asia



Scenarios of net carbon uptake by terrestrial ecosy stems
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Loreto & Centritto, Plant Biology2004



Sensitivity of cereal yield to climate 
change for temperature increases 
ranging from about 1-2ºC, typical of 
the next several decades, up to the 4-
5°C projected for 2080 and beyond. 
Responses include cases without 
adaptation (red dots) and with 
adaptation (dark green dots). 
Adaptations represented in these 
studies include changes in planting, 
changes in cultivar, and shifts from 
rain-fed to irrigated conditions.



The world has a water shortage

Farming, accounts for some 70% of human water consumption. However, as 
the world’s population grows and incomes rise, farmers will, if they use 
today’s methods, need a great deal more water to keep everyone fed: over a 
quarter more than they use today. 

Continued increases in agricultural production will require sustained or 
increased supply of irrigation water. However, overpumping is a serious 
concern in many regions, old reservoirs are losing capacity due to siltation. 
Moreover, scarcity of water can be expected to increase as competition for 
withdrawals increases with human population growth and development. In 
addition to being an important user of a limited water supply, irrigated 
agricultural lands in arid and semiarid regions are being continuously 
degraded by salinization and waterlogging. In developing countries, 
approximately 15 million ha have experienced reduced yields due to salt 
buildup and waterlogging.



The world has a water shortage

Repairing leaks and better irrigation in poor countries could 
help reduce wastage by up to 70%, as could switching to less 
thirsty crops in arid regions.



Probabilistic projections of production impacts in 2030 from climate change (expressed as a 
percentage of 1998 to 2002 average yields). Red, orange, and yellow indicate a hunger importance 
crop ranking of 1 to 30 (more important), 31 to 60 (important), and 61 to 94 (less important), 
respectively. The middle vertical line within each box indicates the median projection.

“Climate risk hot spots”



Ecosystem productivity in summer 2003 compared to s ummer 2002
(as fraction of  absorbed PAR) 



Hypothetical distributions of summer season temperatures from 1900-2000 and 2080-
2100. x axis indicates seasonal temperature; y axis, probability of occurrence (number 
of years in the century). (A) The highest growing season temperature of the 20th 
century represents the median seasonal temperature by the end of the 21st century. 
(B) Future temperatures are out-of-bounds hot: that is, it is certain that the growing 
season temperature at the end of the 21st century will exceed the hottest growing 
season ever observed.



In temperate regions, the hottest seasons on 
record will represent the future norm in many 
locations: short-run events (i.e. extreme 
seasonal heat) could become long-term trends 
without sufficient investments in adaptation.



Likelihood (in percent) that future 
summer average temperatures will 
exceed the highest summer 
temperature observed on record 
(A) for 2050 and (B) for 2090. For 
example, for places shown in red 
there is greater than a 90% chance 
that the summer-averaged 
temperature will exceed the highest 
temperature on record (1900-
2006).



Thursday 20 November 2008

40,401,258

2,106,522

Tuesday 26 May 2009  



The objective of the our research is to characterise the ecological 
characteristics and water use efficiency of different functional 
types within arid land ecosystems of desertification gradient in
order to find out suitable plant species and vegetation patterns
for rehabilitation of lands degraded to various degrees. 

Identification of “climate proof” model 
plants as potential new crops and/or for 

rehabilitation of degraded drylands 

Can Desertification Trends be Reversed?



Argania spinosa



Argan (Argania spinosa) is an endemic tree of south-western Morocco where it is adapted 
to grow in harsh environments (extreme drought and poor soil, i.e. in a region where 
rainfall hardly exceeds 200 - 300 mm/year, and at times stays well below 120 mm/year), 
where it plays vital roles in protecting the environment by slowing down desertification. 
Each part of the tree is usable: wood is used as fuel, leaves constitutes a fodder for goats 
and camels, whereas the oleaginous fruits of argan tree are used for the extraction of a 
very high quality oil (argan oil) that provides up to 25% of the dweller daily lipid diet, but 
that has also important cosmetic and medicinal utilizations. The insert shows argan fruit.



“Climate proof” model plants
Ecophysiological and molecular tools are applied to selected plant species/ecotypes with 
high WUE growing along aridity gradients in order to recover species particularly 
tolerant to aridity conditions and potentially important to be domesticated and used as 
crop species as well as for re-vegetation of dry lands. 

Nitraria tangutorum plants growing on sand-dunes. N. tangutorum is a thorny shrub 
bearing edible berries growing in the saline plains. This species may play an enormous 
role in combating land degradation. N. tangutorum may simultaneously solve several 
problems of desertification control, helping to fix shifting sands, increasing biological 
productivity of arid areas, and restoring degraded pasture and forest.  Moreover N. 
tangutorummay also have medicinal and culinary uses.



Potohar plateau

Cholistan desert

Quetta Region

Target experimental sites



- Impacts will likely vary substantially within indiv idual regions according to 
differences in biophysical resources, management, and other factors.

- In some regions, for which models predict very negative outcome, switching 
from highly impacted to less impacted crops may be one viable adaptation 
option: Climate proof plants.

Conclusions

- Historical examples illustrate the magnitude of damage to food systems caused 
by extreme seasonal heat, but these short-run events could become long-term 
trends without sufficient investments in adaptation. With growing season 
temperatures in excess of the hottest years on record for many countries, the 
stress on crops and livestock will become global in character.

- The food crisis of 2006-2008 demonstrates the fragile nature of feeding the 
world’s human population. However, the longer-term challenge is to avoid a 
perpetual food crisis under conditions of global warming, unless major 
adaptation investments are made soon to develop crop varieties that are 
tolerant to heat and heat-induced water stress and irrigation systems suitable 
for diverse agro-ecosystems. The genetics, genomics, breeding, management, 
and engineering capacity for such adaptation can be developed globally but will 
be costly and will require political prioritization .



Thank you!
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