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Soil Water

Soil properties

Water retention in soil

Infiltration



Soil Properties

Definition, soil components, soil profile and soil horizon, 

soil texture, soil structure, soil density and soil specific gravity, 

pore space
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Soil Components

• Soil as a three-phase system

• Solid

• Inorganic materials

• Organic materials

• Liquid

• Water

• Solution

• Gas

• Soil pores
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Soil Component

• Vt : total volume

• Vv : void volume

• Va : air volume

• Vw : water volume

• Vs : soil particle volume

• mt : total mass

• ma : air mass

• mw : water mass

• ms : soil particle mass 
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Soil Profile
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Soil Texture

• A physical property of soil

• Defined from fraction of mass

of soil particle (smaller 2 mm)

• Sand: 0.05 - 2.00 mm

• Silt: 0.002 - 0.05 mm

• Clay: < 0.002 mm
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Soil particle classification system

• USDA

• USPRA

• BSI, MIT

• ISSS

• DIN
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Soil texture classification

• USDA – U.S. Department of Agriculture

• ISSS – International Soil Science Society
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Soil texture classification
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Soil Structure

 

Granular Blocky

Prismatic Columnar
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Soil Structure

Single grained

Massive

Platy
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Influence of soil structure on soil water flow



Soil Density and 
Soil Specific Gravity
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Soil density

• particle density

• bulk density
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Specific gravity

• real specific gravity
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• apparent specific gravity



Pore Space

Porosity

Void ratio
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Pore space

• Liquid or gas components between soil 

particle

• porosity

• void ratio
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Porosity of soil

เน้ือดิน
ช่วงค่าปกติ ค่าเฉล่ีย

Sand 32 – 42 38
Sandy Loam 40 – 47 43
Loam 43 – 49 46
Clay Loam 47 – 51 49
Silty Clay 49 – 53 51
Clay 51 - 55 53

ความพรุน (%)
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Soil Water

Soil properties

Water retention in soil

Infiltration
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Water Retention in Soil



Soil Water Content

- Gravimetric water content

- Volumetric water content

- Degree of saturation
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Soil Water Content

• Soil moisture by mass

• Soil moisture by volume

• Degree of saturation
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Soil core sampler
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• Water content by mass vs 

by volume

• Depth of water in soil 

column



Potential Energy of Water
in Soil
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Soil water potential

• Gravitational potential

• Osmotic potential

• Matric potential

• Hydrostatic pressure 
potential
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Unit

• งานทางด้านชลประทาน/แหลง่น า้ นิยมใช้

• พลงังานตอ่น า้หนกั (น า้) => เฮด (head)
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Gravitational potential

• Gravitational potential
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Osmotic potential

• Osmotic pressure Osmosis
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Pressure potential

• Pressure potential

• In case of saturated soil
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Pressure potential in saturated soil

• Pressure head

• Gravitational head



(41)

Unsaturated soil

• Matric potential
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Soil water potential

Th z s h p    K

T z s m p        K

Th z s p  

 soil water potential
 Energy/volume

 head
 Energy/weight (of water)

 Saturated soil

 Unsaturated soil

Th z s h  
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Soil Moisture Tension

• Sometimes called “suction”

• Unit of measurement

• Pascal (Pa) or N/m2

• bar

• Head or depth of water in m (or cm)
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Tensiometer
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Soil-Moisture Characteristic Curve
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Soil-Moisture CharacteristicCurve

• Relation between (volumetric) water content and matrix potential (h)
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Stages of Water Content in Soil

Water content at field capacity (FC)

Water content at permanent wilting point (PWP)

Available water

- TAW: total available water

- RAW: readily available water

(49)



Stages of Water Content in Soil

• From an irrigation point of view,

there are different levels of water 

content in the soil,

and four terms are used to identify 

these water content levels:

• saturation

• field capacity

• permanent wilting point

• available soil water



Saturation

• During and immediately after irrigation 

all the pore space in the soil is filled with 

water and the soil is saturated.

• There is little air in the soil, and for most 

crops (other than rice) if the soil stays 

saturated the crop will be damaged due to 

this lack of air for the roots to breathe. 

• If there are no drainage problems, the water 

in the soil will drain away under gravity 

following irrigation, leaving space for air in 

the soil’s pore space



Field Capacity, FC

• Field capacity is the quantity of water held in the soil once the water has drained 

away from the saturated soil. 

• This water is held to the soil particles by surface tension forces, and much of it is 

available for taking up by the plant’s roots.

• The volume of water held by the soil at field capacity depends primarily on its 

texture and structure. 

• The forces holding the water in the soil against the gravitational pull are surface 

tension forces.  Soils with small particle size, such as silts and clays, have a large 

surface area and thus can hold more water.



Permanent Wilting Point, WP

• Water can be removed from the soil 

by the plant’s roots exerting a greater pull or tension 

than the surface tension holding the water to the soil particle’s surface. 

• At some point, termed the permanent wilting point, 

the suction exerted by the plant’s roots is not sufficient to remove the water from 

around the soil’s particles.

• At this point, the crop will become stressed, the yield will be reduced and the crop 

may perish. At permanent wilting point a crop’s  leaves may droop or wilt; in some 

crops, there will be a change in appearance in the leaf color. 

• The permanent wilting point is affected by the soil texture in the same way as with 

field capacity, thus for fine-textured soils the moisture content at permanent wilting 

point is higher than for coarse-textured soils.



Available Soil Moisture (FC - WP)

• The water available to the plant is the difference between the moisture content at 

field capacity and that at the permanent wilting point.

• Though there may still be water in the soil at the permanent wilting point it cannot 

be removed by the plant, and is thus unavailable.

• The objective of irrigation is to allow the soil moisture to reduce to a safe limit

(above the permanent wilting point) and then to irrigate the soil to bring it back to 

field capacity.

• The interval between irrigation will thus depend on the available moisture in the soil 

and the rate at which the soil water is abstracted by the crop
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Soil water content vs ET/Productivity
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Soil Water

Soil properties

Water retention in soil

Infiltration



Infiltration

Definition

Infiltration equations

Infiltration in Irrigation
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• saturation zone
• เร่ิมจากส่วนท่ีอยู่ใกล้กบัผิวดิน
• จะมีความลกึเพิม่ขึน้เร่ือย ๆ

• transmission zone
• เป็นส่วนท่ีน า้ไหลผ่านชัน้ดินท่ียงัไม่อิ่มตวั
• ปริมาณความชืน้ตลอดหน้าตดัใกล้เคียงกนั

• wetting zone
• เป็นส่วนท่ีความชืน้ก าลงัเพิม่ขึน้อย่างรวดเร็ว
• ในชัน้ดินท่ีลกึลงไป ในช่วงเร่ิมต้นยงัมีความชืน้น้อย

• wetting front

• เป็นหน้าตดัท่ีเร่ิมเปียกน า้และก าลงัมีการเปล่ียนแปลงความชืน้อย่างรวดเร็ว
• ดินมีความชืน้แตกต่างกนัมากจนแยกระหว่างดินเปียกกบัดินแห้งได้อย่างชดัเจน
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• Infiltration rate (f)
• อตัราการซมึมีคา่สงูในช่วงแรก
• คอ่ย ๆ ลดลงเม่ือเวลาผา่นไป
จนกระทัง่คงท่ี

• Cumulative infiltration (F)
• ในขณะเร่ิมต้น ปริมาณน า้ที่ซมึผ่านผิวดนิจะเป็นศนูย์
• มีคา่เพิ่มขึน้ตามเวลา
• โดยในช่วงแรก โค้งปริมาณการซมึผ่านผิวดินมีความชนัมาก
• เม่ือเวลาผ่านไป ความชนัของโค้งจะลดลง
• ในท่ีสดุ กราฟปริมาณการซมึผ่านผิวดินจะเป็นเส้นตรง เน่ืองจาก อตัราการซมึผ่านผิวดินคงท่ี
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Relation between infiltration rate and cumulative 
infiltration

   
0

t
F t f t dt   

 dF t
f t

dt


• อินทิเกรต สมการอตัราการซมึผา่นผิวดนิ (f)
ได้ สมการปริมาณการซมึผา่นผิวดนิ (F) 

• หาอนพุนัธ์ สมการปริมาณการซมึผา่นผิวดนิ (F)

ได้ สมการอตัราการซมึผา่นผิวดนิ (f)
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Infiltration equation

• Lewis’s equation or 

Kostiakov’s equation
  a

F t t

  1a
f t a t 
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Double-ring infiltrometer
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Infiltration measurement 
by double-ring infiltrometer



Infiltration in Irrigation
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Infiltration in border irrigation
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Infiltration in sprinkler irrigation

น ำ้ซึมทำงดิง่อย่ำงเดยีว
อตัรำกำรให้น ำ้ต้องไม่เกนิอตัรำกำรซึมผ่ำนผวิดนิ
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Infiltration in furrow irrigation

น ำ้ซึมทั้งทำงดิง่และทำงรำบ
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Water Flow in Plant
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