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Water and Irrigation - Objectives

The objectives of this lecture are to:

Learn about the importance of water for ecosystem
services, and to learn about the availability of fresh
water for industrial, human and irrigation purposes.

Learn about irrigation trends across major regions.

Learn about the influence of water on plants and
ecosystems in general.

Learn about water content of various plant parts.

Learn about the interrelationships between soil, root,
leaf water potential and transpiration relationships
under water deficit conditions.

Environmental and Cultural Factors
Limiting Potential Yields
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Water

Water plays essential roles in plants as a:

v’ Constituent

v Solvent

v Reactant in various chemical processes
v" Maintenance of turgidity

Therefore, everyone who grows plants, whether a
single plant in pot or hundreds of acres of corn or
cotton, is aware of the importance of water for
successful growth, and finally economic product
or yield.

Water

Water on a global scale is plentiful. However,
v 97% of it is saline
v’ 2.25% is trapped in the glaciers and ice

v’ the rest, 0.75% is available in fresh water
aquifers, rivers and lakes.

About 70% of the available fresh water is used for
agricultural production, 22% for industrial purposes,
and 8% for domestic purposes.

Increasing competition for domestic and industrial
purposes is likely reduce the water available for
agriculture in the future.

World’s fresh water ecosystems and goods and
services

 Fresh water ecosystems occupy less than 1% of
Earth’s surface but deliver goods and services of
enormous global value.

v Inland fisheries capture accounts 12% of all fish consumed
by humans.

v Irrigated agriculture supplies amounts about 40% of the
world’s food crops.

v" Hydropower provides about 20% of world’s electricity
production.

v" About 12% of all animal species live in fresh water, and
most other species depend in some way on fresh water
ecosystems for their survival.




Water and Plants

Plants use large amounts of water in the growth
process, with important consequences for agriculture
and the distribution of plant communities.

The distribution of plants over the earth’s surface is
controlled by the availability of the water (amount and
seasonal distribution of precipitation) where ever
temperature permits growth.

Water is involved in nearly every aspect of plant
activity, ranging from the transport of mineral
nutrients and metabolites to growth, metabolism, and
gene action.

Irrigated Cropland — World Statistics

Global Distribution - Rain-fed and Irrigated Areas
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Worldwide Distribution of Irrigated Areas - 1984

(Adapted from Hoffman et al., 1990)

Country Irrigated area | Percent of Percent of
million ha world total cultivated area
Asia 137 62 30
North America 25 9 8
Russia 21 9 8
Europe 16 7 11
Africa 10 5 6
South America 8 4 6
Central America 7 3 18
Australia and Oceania 2 1 4
Developing countries | 160 71 20
Industrial countries | 66 29 9
World 226 100 15

Countries with major irrigated areas, 1996

(Adapted from Hoffman et al., 1090)

Country Irrigated area % of country’s cultivated
million ha land irrigated
India 55 33
China 47 48
Russia 21 9
United States 19 10
Pakistan 16 7
Indonesia 73 34
Iran 58 39
Mexico 53 21
Spain 33 16
Turkey 33 12
Thailand 32 16
Egypt 3.2 100
Japan 3.0 63
Italy 3.0 25
Romania 3.0 28

Temporal Trends in Irrigated Area
World, India, China and USA




Water Status and
Plant Growth

Water content of various plant tissues expressed as

Area of Total World Land Surface Subject to
Environmental Limitations of Various Types

Limitation Avrea of world soil subject to limitation (%)
Drought 27.9
Shallow soil 24.2
Mineral excess or deficiency 225
Flooding 12.2
Miscellaneous 31
None 10.1
Total 100
Temperature 14.8 (over laps with other stresses)

Table 12.1

Distribution of Insurance Indemnities and Crop
Losses in the US — 1939 to 1978

Table 12.3  Distribution of Insurance
Indemnities for Crop Losses
in the United States from 1939

to 1978«
Cause of Proportion of
crop loss payments (%)
Droughe 40.8
Excess water 16.4
Cold 13.8
Hail 11.3
Wind 7.0
Insect 4.5
Disease 27
Flood 2.1
Other 1.5

“From U.S. Department of Agriculture (1979,
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Net Primary Production and Precipitation
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Ficure 1. Correlation between net primary production
and precipitation for the major world ecosystems (Lieth

1975).

Relationship among Leaf Water Potential, Leaf
Elongation, and Photosynthesis of Corn.
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Note that leaf elongation almost ceases before there is much significant
reduction in photosynthesis (Kramer, P.J, and JS. Boyer. 1995, page 19)
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Photosynthesis, Vegetative Growth - Environment
Response to Drought
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Water Stress and Molecular Biology

(a) Transcripts (b) Metabolites
Drought Heat Drought Heat
(1571) (540) (23) (18}

Drought + Heat
(1833) (28)

Drought + Heat

TRENDS in Plant Science

Water and Plant Development ‘
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Rainfall Trends

Rainfall - Seasonal Trends
Bakersfield, CA and Florence, SC - 1991
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Water Status
Seasonal and Diurnal Trends

Leaf water potential, bars
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Seasonal Trends - Midday Leaf Water Potential
Irrigated and rainfed cotton, MSU North Farm -1995
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Typical diurnal changes in leaf and soil water potentials of a
transpiring plant rooted in soil allowed to dry from a water potential
near zero to a water potential at which wilting occurs. The dark bars
indicate the night period (after Slater 1976)
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Typical diurnal changes in leaf, root and soil water potentials of a
transpiring plant rooted in soil allowed to dry from a water potential
near zero to a water potential at which wilting occurs. The dark bars
indicate the night period (after Slater 1976)
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Typical diurnal changes in transpiration rate, leaf, root and soil water
potentials of a transpiring plant rooted in soil allowed to dry from a
water potential near zero to a water potential at which wilting occurs.
The dark bars indicate the night period (Fitter and Hay, 2002)

Figure 49
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» Sandra L. Postel. 2006. For Our Thirsty World, Efficiency or
Else, Science, 313: 1046 (Causal reading).
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