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Introduction

1. Irrigation and reclamation can increase land productivity

2. Obviously significant in arid regions

3. Irrigated land in the world (Table 15-1)

15-1 Effects of irrigation

1. Increased production with irrigation


(1) arid region food production can be multiplied several fold with irrigation


(2) increase production in humid region

2. Hazards of irrigation


(1) economic risk from high irrigation costs


(2) spreading of water-related diseases


(3) productivity loss caused by erosion and salts accumulating (fig. 15-1)


(4) risk of water pollution, sediment, chemicals in runoff (fig. 15-2)

15-2 Selecting land for irrigation

1. Soil factors: soil texture, soil depth, …

2. Water: available

3. Climate

4. Suitable crops

5. Roads

6. markets

15-3 Water for irrigation

1. Water rights:


(1) riparian rights: eastern US


(2) prior appropriations: western US


(3) Clean Water Act

2. Surface water


(1) streams, lakes, …


(2) a diversion from the main stream

3. Harvesting rainwater


(1) in humid areas that need additional water


(2) ditches from hillside to harvest rainwater


(3) deep reservoir with minimum surface area helps reduce evaporation (fig. 
15-3)


(4) small-scale rainwater harvesting system

4. Underground water


(1) underground water for irrigation (fig. 15-4)


(2) advantages: 



a. minimizes supply fluctuations



b. water quality is relatively constant



c. a well may make long conveyor



d. no riparian right to surface water


(3) Ogallala aquifer was abused


(4) perched vs. permanent water table (fig. 15-5)

5. Icebergs


(1) glacial ice melt and break


(2) technical and economic problems

6. Desalinized water


(1) ocean contain 97% of the water on earth


(2) too expensive

7. Sewage effluent


(1) source of irrigation water


(2) drawbacks: health problems, groundwater pollution, heavy metals, …

8. Water quality


(1) medium hard: >50 ppm Ca, Mg



hard water: > 100 ppm Ca, Mg


(2) effect of irrigation on soil and crops



a. total salt concentration



b. proportion of Na, Ca, Mg



c. toxic ions



d. solid matter such as weed seeds, sediment


(3) electrical conductivity


(4) sodium hazard: SAR


(5) solid matter, sediment in water

15-4 Distributing water

1. Measuring water flow


(1) weir: rectangular, cipoletti, triangular


(2) Parshall flumes (fig. 15-6)

2. Water control structure


(1) canals, spillway, ditches, …


(2) drop structure (fig. 15-7), check structure


(3) division box (fig. 15-8)

3. Distributing water from ditches


(1) turnouts: turn water onto the field


(2) siphon tubes: (fig. 15-9)

4. Irrigation pipelines


(1) metal pipe: expensive


(2) concrete pipe


(3) carrying capacities: (Table 14-2)

15-5 Irrigation methods

1. Surface irrigation


(1) furrow irrigation: uses the ridges formed by cultivation to guide water across fields of row crops



a. maximum nonerosive stream flow



b. need to stabilize soil structure



c. only 60% efficiency  in water use


(2) flood irrigation: 



a. basin irrigation: basin should be as level as possible



b. border irrigation: as elongated basin, gentle 




slope in the long direction (fig. 15-10)



c. wild flooding: uneven topography, steep slope 10-15%

2. Subsurface irrigation


(1) use ditch, tile lines, …


(2) surface soil is dry, root zone is moist


(3) slope gradient of less than 0.5%

3. Sprinkler irrigation: high equipment and cost


(1) portable lines: (fig. 15-11, 12)


(2) polling lines: 


(3) center-pivot systems: expensive (fig. 15-13)

4. Microirrigation: microspinkler


(1) portable: sprinkler head with moving parts


(2) fixed: permanent installations, for orchard

5. Trickle irrigation: drip irrigation


(1) water to individual plants through small lines


(2) 90% water efficiency, save water


(3) Israeli engineer, Symcha Blass in 1930s

6. Pot irrigation: pitcher irrigation


(1) clay pot, water seeps out the pot (fig. 15-14)


(2) maintains a constant soil moisture content

15-6 Irrigation frequency

1. To irrigate when about half of the available soil water has been used by the plants

2. Choose optimum timing and amount of water

3. Monitor the water content of the soil

15-7 Land reclamation

1. Reclamation: modifying land to make it suitable for cropping


(1) saline, sodic and saline-sodic soils



a. saline: > 4 mmhos/cm, < 15% Na



b. sodic: low mmhos/cm, > 15% Na



c. saline-sodic: > 4 mmhos/cm, > 15% Na


(2) salt tolerance: (Table 15-3)


(3) high pH: 8.5 – 10, Na, Ca

2. Reclaiming saline soils


(1) large quantities of water are needed to reduce salt content


(2) flood irrigation is best for leaching salt


(3) salt-tolerant vegetation


(4) good drainage system to remove leaching water

3. Reclaiming saline-sodic soil


(1) need soil amendment such as gypsum or sulfur to replace Na prior to leaching 
processes


(2) gypsum (CaSO4) is the cheapest amendment


(3) sulfur transfer to sulfuric acid (H2SO4)

4. Reclaiming sodic soils


(1) low permeability, use mechanical soil mixing


(2) grow tolerant crops (Table 15-4)


(3) Ca replace exchangeable Na

15-8 Conservation irrigation

1. Careless irrigation can waste large amounts of soil and water

2. Portable gated pipe to control water (fig. 15-15)

3. Land leveling or smoothing (fig. 15-16)

4. Ditch erosion: need drop structure, concrete-lined ditches, irrigation pipelines

Summary

1. Irrigation is steadily increasing

2. Soil suitable for irrigation: depth, texture, structure, topography

3. Water right: riparian right, prior appropriations

4. Weir and flume measure water flow

5. Drop structure, check, division box control water

6. Irrigation: surface, subsurface, sprinkler, trickle, pot irrigation

7. Land reclamation: saline, sodic, saline-sodic soils
