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INTRODUCTIONINTRODUCTION
Seed /water relations basically refer to activities Seed /water relations basically refer to activities 
directed to life continuity and survival of plant species.directed to life continuity and survival of plant species.

-- Seed developmentSeed development
-- QuiescenceQuiescence
-- GerminationGermination
-- Desiccation toleranceDesiccation tolerance
-- DeteriorationDeterioration

In this sense, physiological processes of synthesis, In this sense, physiological processes of synthesis, 
hydrolysis, energy liberation as well as those that hydrolysis, energy liberation as well as those that 
occur in almost dehydrated seed tissues are involved.occur in almost dehydrated seed tissues are involved.

FUNCTIONS OF WATER IN SEEDSFUNCTIONS OF WATER IN SEEDS

-- Represents 70% of the protoplasm weight of metabolically Represents 70% of the protoplasm weight of metabolically 
active cellsactive cells

-- Organization of cellular structure Organization of cellular structure 

-- Decisions at harvest time, seed drying, processing Decisions at harvest time, seed drying, processing 
and storageand storage

-- Organization and integrity of membranesOrganization and integrity of membranes

-- Rate and speed of seed  deteriorationRate and speed of seed  deterioration

-- Activity of  insects and microorganismsActivity of  insects and microorganisms
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-- Main constituent of living  plant cellsMain constituent of living  plant cells

-- Percentage, speed and uniformity of germinationPercentage, speed and uniformity of germination
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SEED WATER OR MOISTURE CONTENTSEED WATER OR MOISTURE CONTENT

Seed water content (fresh weight basis) : Seed water content (fresh weight basis) : percentage mass percentage mass 
fraction of water of total seed massfraction of water of total seed mass
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Seed water content (dry weight basis) :Seed water content (dry weight basis) : mass ratio between mass ratio between 
water  and the dry mass in seed tissues (ggwater  and the dry mass in seed tissues (gg--11 dwdw))

Dw
DwFwDwbCM −

=).(.

SEED WATER OR MOISTURE SEED WATER OR MOISTURE 
CONTENTCONTENT

55

).(.100
).(.).(.

FwbCM
FwbCMDwbCM

−
=

).(.100
).(.).(.

DwbCM
DwbCMFwbCM

+
=

-- Conversion of M.C. Conversion of M.C. FwbFwb to to DwbDwb

-- Conversion of M.C. Conversion of M.C. DwbDwb to to FwbFwb

(Equ.1)

(Equ.2)
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-- Water composition and structureWater composition and structure

The water molecule showing two The water molecule showing two 
electrons in the first shell and six electrons in the first shell and six 
electrons in the outer shell.  Note that electrons in the outer shell.  Note that 
hydrogen shares its single electron with hydrogen shares its single electron with 
oxygen forming a covalent bond.  Since oxygen forming a covalent bond.  Since 
oxygen is a larger atom than hydrogen, oxygen is a larger atom than hydrogen, 
the electrons are pulled more to oxygen the electrons are pulled more to oxygen 
and away from hydrogen giving oxygen a and away from hydrogen giving oxygen a 
net negative charge and hydrogen a net net negative charge and hydrogen a net 
positive charge.  This is referred to as a positive charge.  This is referred to as a 
permanent dipole (graphic courtesy of the permanent dipole (graphic courtesy of the 
Agronomy Distance M.Sc. Program, Iowa Agronomy Distance M.Sc. Program, Iowa 
State University).State University).

PROPERTIES OF WATERPROPERTIES OF WATER

An example of the affinity of water An example of the affinity of water 
for a salt such as sodium chloride.  for a salt such as sodium chloride.  
Note how the negative oxygen of Note how the negative oxygen of 
water surrounds the positive water surrounds the positive 
sodium ion and the positive sodium ion and the positive 
hydrogenshydrogens of water surround the of water surround the 
negative chlorine ion (graphic negative chlorine ion (graphic 
courtesy of the Agronomy courtesy of the Agronomy 
Distance M.Sc. Program, Iowa Distance M.Sc. Program, Iowa 
State University).State University).
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PROPERTIES OF WATERPROPERTIES OF WATER



van van derder Waals forces are the Waals forces are the 
distance that molecules distance that molecules 
possessing permanent possessing permanent 
dipoles are attracted to each dipoles are attracted to each 
other.  In this example, this other.  In this example, this 
distance would be the distance would be the 
attraction water has on the attraction water has on the 
positive end of one molecule positive end of one molecule 
to the negative end of another to the negative end of another 
molecule by a force called molecule by a force called 
““hydrogen bondinghydrogen bonding”” (graphic (graphic 
courtesy of the Agronomy courtesy of the Agronomy 
Distance M.Sc. Program, Iowa Distance M.Sc. Program, Iowa 
State University).State University).
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PROPERTIES OF WATERPROPERTIES OF WATER
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Water composition and structureWater composition and structure

-- Bound waterBound water

-- Chemical composition and affinity to waterChemical composition and affinity to water

ProteinsProteins

StarchStarch

LipidsLipids

PROPERTIES OF WATERPROPERTIES OF WATER



SEED  HYGROSCOPIC  EQUILIBRIUMSEED  HYGROSCOPIC  EQUILIBRIUM
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-- HygroscopicityHygroscopicity
-- Air  water  holding  capacityAir  water  holding  capacity

Temperature (Temperature (ooC)C) Saturation HumiditySaturation Humidity
(g water vapor / kg dry  air)(g water vapor / kg dry  air)

00 3.83.8
1010 7.67.6
2020 14.814.8
3030 26.426.4

Influence of temperature on air saturation humidity Influence of temperature on air saturation humidity 
(Harrington, 1972).(Harrington, 1972).

SEED  HYGROSCOPIC  EQUILIBRIUMSEED  HYGROSCOPIC  EQUILIBRIUM
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-- Relative humidityRelative humidity

-- Atmospheric pressureAtmospheric pressure

-- Hygroscopic equilibriumHygroscopic equilibrium

-- Vapor pressure exchange and seed water contentVapor pressure exchange and seed water content

Chemical composition, relative humidity, temperature, Chemical composition, relative humidity, temperature, 
permeability of seed coats, physical integrity permeability of seed coats, physical integrity 



Typical changes in temperature and percentage relative humidity Typical changes in temperature and percentage relative humidity during a day.  Note that high during a day.  Note that high 
temperatures reduce percentage relative humidity while low tempetemperatures reduce percentage relative humidity while low temperatures increase percentage ratures increase percentage 
relative humidity (graphic courtesy of the Agronomy Distance M.Srelative humidity (graphic courtesy of the Agronomy Distance M.Sc. Program, Iowa State c. Program, Iowa State 
University).University).
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SEED  HYGROSCOPIC  EQUILIBRIUMSEED  HYGROSCOPIC  EQUILIBRIUM 1313

-- Atmosphere vapor pressure > seed vapor pressure Atmosphere vapor pressure > seed vapor pressure SMC increasesSMC increases
-- Seed vapor pressure > atmosphere vapor pressure Seed vapor pressure > atmosphere vapor pressure SMC decreasesSMC decreases

SpeciesSpecies Temper.Temper.
((ooCC))

Relative Humidity(%)Relative Humidity(%)

3030 4040 5050 6060 7070 8080

Field Field 
BeanBean

2020 8.58.5 9.99.9 11.311.3 12.812.8 14.514.5 16.616.6
2828 8.38.3 9.79.7 11.111.1 12.612.6 14.314.3 16.416.4
3636 8.28.2 9.69.6 11.011.0 11.511.5 14.214.2 16.316.3

SoybeanSoybean
2020 7.27.2 8.08.0 9.19.1 10.710.7 13.113.1 15.415.4
2828 5.75.7 6.56.5 7.67.6 9.29.2 11.611.6 13.913.9
3636 4.24.2 5.05.0 6.16.1 7.77.7 10.110.1 12.412.4

SorghumSorghum
2020 9.69.6 10.810.8 12.012.0 13.013.0 15.115.1 17.417.4
2828 9.19.1 9.39.3 10.510.5 11.511.5 13.613.6 15.915.9
3636 6.66.6 7.87.8 9.09.0 10.010.0 12.112.1 14.414.4

ASAE (1980)ASAE (1980)



ISOTHERMSISOTHERMS
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SEED WATER POTENTIALSEED WATER POTENTIAL
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SEED WATER: characterized by an energy status and SEED WATER: characterized by an energy status and 
determined through a potential energydetermined through a potential energy

Verifies whether a system is or is not waterVerifies whether a system is or is not water--balancedbalanced

ψψww = = ψψmm + + ψψss + + ψψpp

ψψww = total water potential= total water potential; ; ψψmm= = matricmatric potentialpotential
ψψss = osmotic potential;= osmotic potential; ψψpp= = turgorturgor potentialpotential

MatricMatric Potential and Osmotic Potential  Potential and Osmotic Potential  negativenegative
TurgorTurgor Potential Potential positivepositive



Seed water contentSeed water content: : water water quantity in the samplequantity in the sample

Water potential: Water potential: water status and availabilitywater status and availability

SEED WATER POTENTIALSEED WATER POTENTIAL
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Hydration process and hygroscopic equilibriumHydration process and hygroscopic equilibrium

Determination of seed water potentialDetermination of seed water potential

WATER STATUS IN SEEDSWATER STATUS IN SEEDS
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WATER  STATUS  IN  SEEDSWATER  STATUS  IN  SEEDS

1818

Water type 2

ionic sites of 
amino acids

water in concentrated 
solution or in capillary 

pores (Type 4)

water
type 3

hydrophilic site

water
type 1

hydrophobic site

water in dilute 
solution (Type 5)

Water  Type 5:Water  Type 5:
Seed tissues with > 41% water contentSeed tissues with > 41% water content
Characteristics of dilute solutionCharacteristics of dilute solution
Water potential  < Water potential  < --1.5 1.5 MPaMPa
Free waterFree water

WATER STATUS IN SEEDSWATER STATUS IN SEEDS

Water Type 4:Water Type 4:
Seed tissues with 33% to 41% water contentSeed tissues with 33% to 41% water content
Characteristics of a concentrated solutionCharacteristics of a concentrated solution
Water potential Water potential --1.5 to 1.5 to --4 4 MPaMPa
Remains in pores or capillaries, does not interact Remains in pores or capillaries, does not interact 

with the protein surfacewith the protein surface 1919



Water Type 3Water Type 3::
Seed tissues with 20% to 33% water contentSeed tissues with 20% to 33% water content
Indication of  freezable waterIndication of  freezable water
Water potential Water potential --4 to 4 to --11 11 MPaMPa
Moistening of protein surfaceMoistening of protein surface
Interacts with hydrophobic sites of macromoleculesInteracts with hydrophobic sites of macromolecules
Some glassy characteristicsSome glassy characteristics
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WATER STATUS IN SEEDSWATER STATUS IN SEEDS

Water Type 2:Water Type 2:
Seed tissues with 7.5% to 20% water contentSeed tissues with 7.5% to 20% water content
Forms a thin coat in the matrix surfaceForms a thin coat in the matrix surface
Water potential Water potential --11 to 11 to --150 150 MPaMPa
Solvent roleSolvent role
Enzymatic, Enzymatic, oxydativeoxydative, catabolic reactions, catabolic reactions

Water Type1:Water Type1:
Very dry seeds : < 7.5% water contentVery dry seeds : < 7.5% water content

Structural waterStructural water

Removal: oxidative reactions (Removal: oxidative reactions (low protectionlow protection))

WATER STATUS IN SEEDSWATER STATUS IN SEEDS
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Relative Relative HumiditiesHumidities ((independent of species and seed tissuesindependent of species and seed tissues):):

Water Type 1: equilibrium with < 30% R.H.Water Type 1: equilibrium with < 30% R.H.

Water Type 2: equilibrium with 30 Water Type 2: equilibrium with 30 -- 85% R.H.85% R.H.

Water Type 3: equilibrium with 85 Water Type 3: equilibrium with 85 -- 92% R.H.92% R.H.



TYPESTYPES Water Potential   (Water Potential   (MPaMPa))
Water Content (%)Water Content (%)

DwDw((‡‡)) FwFw
11 < < --150150 < 8.0< 8.0 < 7.5< 7.5
22 --150 to 150 to ––1111 8 to 258 to 25 7.5 to 207.5 to 20
33 --11 to 11 to ––44 25 to 4525 to 45 20 to 3320 to 33
44 --4 to 4 to ––1.51.5 45 to 7045 to 70 33 to 4133 to 41
55 > > --1.51.5 > 70> 70 > 41> 41

WATER STATUS IN SEEDSWATER STATUS IN SEEDS
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((‡‡)  )  DwDw = water content , dry weight basis= water content , dry weight basis
FwFw = water content , fresh weight basis= water content , fresh weight basis
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IMPORTANT  SEED  PHYSIOLOGICAL  AND IMPORTANT  SEED  PHYSIOLOGICAL  AND 
TECHNOLOGICAL  EVENTS  ASSOCIATED WITH  SEED TECHNOLOGICAL  EVENTS  ASSOCIATED WITH  SEED 

WATER  CONTENT AND  WATER  STATUSWATER  CONTENT AND  WATER  STATUS



Water ContentWater Content
(%)(%)

Type of Type of 
WaterWater EventsEvents

> 41> 41 55
Physiological maturity in Physiological maturity in dicotsdicots
Start of metabolism for Start of metabolism for dicotdicot seed germinationseed germination
Germination completedGermination completed

30 30 –– 4040 44

Protein and nucleic acids synthesis during seed maturation Protein and nucleic acids synthesis during seed maturation 
and germinationand germination

Activity of  membrane and DNA repair mechanismsActivity of  membrane and DNA repair mechanisms
Recalcitrant seed storageRecalcitrant seed storage
High sensitivity to freeze injuryHigh sensitivity to freeze injury

18/20 18/20 -- 3030 33

Intense seed respiration and heating of seed mass during Intense seed respiration and heating of seed mass during 
storagestorage

Deterioration is acceleratedDeterioration is accelerated
Intense microorganism activityIntense microorganism activity
Minimum levels of Minimum levels of enzymicenzymic activity in anabolic processesactivity in anabolic processes
Membrane organizationMembrane organization
ATP synthesisATP synthesis
Recalcitrant seed storageRecalcitrant seed storage
Removal is usually lethal to recalcitrant seedsRemoval is usually lethal to recalcitrant seeds
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Water ContentWater Content
(%)(%)

Type of Type of 
Water Water Events Events 

12/14 to 18/2012/14 to 18/20 22

Respiration is reduced, but some risk of heating persistsRespiration is reduced, but some risk of heating persists
Minimum level for synthesis reactions catalyzed by Minimum level for synthesis reactions catalyzed by 
enzymesenzymes
Seed dSeed deterioration during storageeterioration during storage
Significant activity of  fungi and insects during storageSignificant activity of  fungi and insects during storage
Adequate for mechanical harvestAdequate for mechanical harvest
Lower sensitivity to mechanical injuries (moisture content Lower sensitivity to mechanical injuries (moisture content 
13% 13% -- 16%)16%)

10 to 1310 to 13 22

No synthesis reactionsNo synthesis reactions
Rate of deterioration is reducedRate of deterioration is reduced
Acceptable for storage in porous or resistant packing to Acceptable for storage in porous or resistant packing to 
water vapor exchangewater vapor exchange
Insect occurrenceInsect occurrence

< 10< 10 22 Drastic reduction of insect activityDrastic reduction of insect activity
Favorable to seed storage in hermetical packetsFavorable to seed storage in hermetical packets

4 to 84 to 8 11
Possibility of seed dormancy or lipid Possibility of seed dormancy or lipid autooxidationautooxidation
Water removal may increase seed deteriorationWater removal may increase seed deterioration
Protection against free radical effectsProtection against free radical effects
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