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Introduction

1. Water is a constituent of all living things

2. Three states of matter: solid, liquid, and gas

3. 80 countries with 40% of the world’s population presently have water shortages

4. Water use: domestic, industrial, agricultural

13-1 The water cycle

1. Precipitation patterns


(1) global air circulation (fig. 13-1)


(2) arid region: 20-300 N and S latitude


(3) humid: equatorial region


(4) Mediterranean climate: dry summer


(5) topographic effect: upward, downward


(6) ocean currents effect

2. Water returns to the oceans


(1) precipitation: from ocean to land


(2) stream flow: return to ocean


(3) soil water, infiltration, percolation, 


(4) evaporation, transpiration, ET


(5) groundwater


(6) water quality

13-2 What is drought?

1. Definition of drought


(1) drought: lack of water reduces growth and final yield of the crops of a region


(2) two types of drought



a. atmospheric drought: low humidity, high temperature, and high wind 



velocity causes high transpiration rates



b. soil drought: low soil moisture, low soil permeability, low soil storage 
capacity

2. Effect of drought on plants, animals, and people


(1) plants vs. drought



a. escape: short growing periods, brief life



b. evade: large absorbing root, low transpiration, reduce leaf area, close 
stomata



c. endure: massive water-storage organ, drop leaves, dormant


(2) animal and people could migrate


(3) developed and developing countries

13-3 Combating drought

1. Conserve rainfall, store it in soil, use wisely

2. Crops need to be adapted to the dryland

3. Deeper wells, ponds, snowmelt

4. Reduce the number of livestock during drought

13-4 What happens to rainfall?

1. Water available


A = P – (I +/- R + E + T + D)

2. Management methods


(1) decrease runoff


(2) reduce evaporation


(3) reduce deep percolation


(4) prevent unnecessary loss from storage

3. Interception: vegetation holds some rain during each storm

4. Runoff: affected by rainfall intensity, soil properties, land configuration, vegetative 
cover

5. Evaporation: saturated soil loses water

6. Transpiration: water loses through vegetation

7. Deep percolation: below plant roots

8. Storage: stored in soil and available for crops

13-5 Decreasing runoff losses

1. Use of plants and surface crop residues


(1) maintain high infiltration rates: keep vegetation and residues on topsoil


(2) three ways:



a. crop rotations, cropping systems, crop management



b. leave residue on soil surface



c. apply mulches on bare soil

2. Contour cultivation


(1) trap rainwater and give it more time to infiltrate (fig. 13-2)


(2) crop yields are higher on contoured plot

3. Terracing


(1) level ridge-type terraces (fig. 13-3)



a. ridge-and-channel terrace (fig. 13-4)



b. steep-backslope terrace



c. flat-channel terrace


(2) conservation-bench (Zingg) terraces: water losses were reduced (fig. 13-5)

4. Land imprinting


(1) mechanical method of land forming that generates micro-watershed on 
degraded land


(2) revegetate arid and desertified soil


(3) improving seed germination and seedling growth

5. Use of chemical wetting agents: increase water infiltration into dryland

6. Improving soil structure


(1) cropping systems and soil structure


(2) crop and animal residues and organic mulches


(3) tillage: reduce soil permeability 


(4) chemical conditioners: improve soil structure

7. Water-storage structures


(1) farm ponds and dugouts (fig. 13-6, 7)


(2) municipal water-supply reservoirs


(3) large irrigation-water reservoirs (fig. 13-8)

13-6 Reducing evaporation losses

1. Vegetative mulches


(1) mulches: crop residue, forest litter, sawdust, wood chips


(2) reduce soil temperature and wind velocity

2. Nonvegetative mulches


(1) stones and gravel on surface soil


(2) black polyethylene film


(3) tar-paper

3. Forcing deeper water penetration: deeper soil water should save water (fig. 13-9)

4. Reducing losses from reservoirs


(1) reservoirs loses water by evaporation


(2) field shelterbelt planted around reservoirs


(3) chemical covers

13-7 Reducing deep percolation losses

1. Percolation losses are likely in humid and irrigated areas

2. This loss in humid areas does not seriously reduce the amount of water available to 
plants

3. Compacting subsurface layers of soil 

4. Chemicals absorb water to hold more water

5. Deep percolation leaches nutrients and makes soils more acid

13-8 Storing water in soil

1. Water harvesting: collecting water


(1) catchment’s structures: concentrate runoff


(2) micro-watershed: contributing land


(3) trenches: increase infiltration in clay soil


(4) lagoon-leveling: small depression


(5) polyethylene film and impermeable materials


(6) recharging groundwater by runoff water

2. Summer fallow: leave a field without any crop


(1) efficiency of water storage (Table 13-1)



a. soil permeability



b. weed control and crop residues



c. improved water conservation methods



d. drought-resistant crop varieties



f. frequency of fallow


(2) crop response to summer fallow



a. crop yields increase: wheat



b. corn yield is not well


(3) summer fallow and saline seeps



a. soil moisture increase, causing deep percolation



b. restrict fallowing to areas where soil water not exceed to cause 
percolation

13-9 Efficient use of stored soil water

1. Predicting successful crop production


(1) equation: yield vs. available water


(2) available water vs. soil textures (Table 13-2)


(3) computer programs to estimate

2. Growing efficient crops


(1) crop use 15-30% rainfall, most for ET


(2) transpiration ratio: transpired water/ dry matter


(3) select suitable crop varieties

3. Timeliness of operations


(1) optimum time: controlling weed, planting crops, …


(2) considering available water

4. Rate of seeding


(1) population density must be restricted 
where moisture is limited


(2) or all plants will suffer moisture stress

5. Controlling weeds and volunteer plants


(1) weeds and unwanted plants use moisture


(2) they increase transpiration

6. Windbreaks and field shelterbelts


(1) reduce wind velocity


(2) affect air temperature near ground

7. Antitranspirants


(1) chemicals reduce transpiration


(2) increase economic cost

Summary

1. Water 


(1) essential for life


(2) causing erosion


(3) functioning in weathering processes


(4) decomposition of organic materials

2. Good water management prevents damage

3. Water loss: interception, runoff, evaporation, transpiration, deep percolation

4. Increase infiltration to reduce runoff: use vegetative barriers, terraces, contour 
tillage, pits to hold water

5. Water harvesting and summer fallow

