[ 3 Y P
| \3 § INTRERNATI!I ONAL ATOMIC BN ERGTY AGENOCY " H [ s g u
\{h Fi3 UNITED NATIONS BEDUCATIONAL, SCIENTIFIO AND OULTURAL ORGANIZATION Aihtduy
2 E ]

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

SAT TRIESTRHOTALY) - P.O.H. #86 - MIRAMARF. - BTRADA COSTIERA 11 - TELEPAONES: 224281/2/3/4/5 8
CABLE: CENTRATOM - TELEX 460392+

SMR/104-4

COLLEGE ON SOIL PHYSICS

19 September - 7 October 1983

S0IE STRUCTURE - AGGREGATION

Xian~Lien YAQ

Division of Soll Physics
Nanking Inastitute of Soil Science
Academia Sinica
P.0. Box No. 821
Nanking
People's Republic of China

“hese are preliminary lecture notes, intended only for distribution to participants.
lissing or extra copies are available from Room 230.






S50TL STRUCTUND =emw AGSREGATION
It has been recongnized thot tie <0il Moo ocu=acity, o7
providing water and nutrients to nlant wreuth, Cne af mast

important reasons is sttributed te Ste sorcus obos

S50il, 25 3 porous madium For plant G--wih, b st leant

three functiors, The first, the ftor =irt of

supported by soil in

sevelop. The second,

plant nrowinn zan he

N

Hhak

[

tha third, the soil 1iv surrounine rooz-, "ot Iz, the

in rhizosphere, can he exchonazs i reacaaore abo oo

o
-
a)

the zoil through s9il pores —iis™ o Gout the venewsl
of the s0il enviromment for nlznt , Thare ~uc, the size,

e

shage, continuty and stabilit, of

most important for the bilolonical rwoire nt cails,

The major factor affectir. =0il coarasis . ia the diferent
spatial arrangement of narticles i ludin- oetividysl mineral
narticles, rock franments, o-sanowminews” oomcsunds and
angreqateos with diffeorent sizeo in il Tha  rore

attention has been paid to this -

in maey o suhlications
“and texthooks of Soil Phynics, Tn i avident that the spatial
arrangement of di7ferent narticles in zoll dotermings a lot

of physical prope Lies sush 4. bulk Jensily, aorosity,

permeability =and penctratina foree, ete., and conseguently
it affects water =nd netrient steovmage, movemcnt and thelr
uotusa by olant, 5 full onderstandin: of the pracess in

which the nhysical propertias =r oL Inflaonee the plent

mrocthy, which Qs of nreat siecd for < inoreats in
in proaduction of acriculture, = ST,

The acgreg>te shape in i ant ' ong s L oaonciderad
av nood ctrocture, while 1t s serlla clowes meoned

“"ost scientiztu fr

structure ~c 3 comrnlox

sizes, zhapes, oorosisds

L
—
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AvY
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dhile in stny Zestbooks oF 3ail Fhysin: defirition of

£

30il structure ic descrined zs ¢ natten of snatisl arranje-

ment of particles including primary and secsndary oorticles,

For instance, in textback of s0il Physics edited by Baver (19723,

it is shown fhat "the structure of 3 coil implies an arranne-

ment of ortimary (such a5 individusl sand, silt and clay)



and secondary (éuch a3 agrregates or structural el-mants)
particles into a certain structural nstiens includin: the
accompaning pore space”,

Slide 3,

In 3011 "hysics written hy Marshe

ot

1L et 51,, the ~uthgrs

define it as "the arrandem nt of the s2lid ~hase of the zoil

and of the nors snace locat-d herween its constituent nartislere”,
3lide .

In the new publication of the fun'a

entgls of soil physies
(1980), D. Hillel nives toe definition as "the srrancement an:
organization of particles in seil®.
slide

From mention=d shave i+ seems th
structure general'y denotes o qu%lifivé crnce~t, it i insuf-
ficient for description of tme »ralarinn betwern so0il structure
and plant growth,

Selgium soil scientists De Leonterr and De loodt point
out that the definition of s:il siflcthure aot anly implies

the spatial arrangement of

clas, but alss inelude
the pore size distribution ard other physiczl onronerties
resulting from it, and their influenss nn nl-nt Jrouth. Based
on this concept, it might be to able to determine soil
structure quantitively and dir~ctly or indirectly to relate
with plant growth under a certain conditions.

Slide .

Gardner, W.H. (1977} in his paper "Historicsal hisalichts
i Americor soil physics (1776-10751" shows that the current
study am sail structure hes entrorad intno the stage in which
it is paid moré attention of spatial arranaement in 2nil profile

s fem 1 lovice oo flux of woter, hest ard cARies.

Slice .

Ugw toe brief conclugion of this to-ic om

.1 .
Tollonis.

¥ : Pre stis' arran-e-
Tail stractire refers,thr mabrern of snati arra
A : N i s +ham -n
ment of soil particles including nore space hetwersn trem nd
V . P ]
its quoptitive stidy includes other r lated rhysical prorerties,

i i 7 : nses and
srticularly, its influence on flux o7 water, heat, ses ¢

o

- © 1
nlznt roots growinge. This is as some as the cornont Q qenev sl

inv matters have thelr irherent strocturs and Tnnctien

0il is as samn, it ha= inkerent :struct:re

resulting from it,
ond function cengerning flux of water, he-t, nases, atc., but

little attention has been paid or the latter in some textbooks.

II Sencsis of soil structure

The genesis of soil structure rafers <o € the couses
and methods of fermation of the structural units or aj~regates.
It h=s been shaown that an aggregate consists of an intimate
grouping of a number of primary particles inte secondary unit.
The mechanism of the “ormation of these agriresates is one of
the most importsnt shases of the strecture problem,

On the othar hand, the nrimary particles, such as the

S



individual sand, silt and clay, are very stable existent in

soil, but the aggregates are relatively instable, their quantity
or quality are changeable and dependent on climetic and cultivation
conditions, especially, on the agricultural operations such as
cropping system, tillage, fertilizers, irrigation, drainage, etc..
Therefore, the study on the formation a'd destruction of
soil aggregates and their stability in cnils has evident
agricultural significances.
Slide + Sandy particles are more stable and

agiregates are relative instable

1. The importance of =g regation

The soil aqgreqgation implies the canezity of soil to
form aggregate. In evaluating tie =oil agrregation the size
distribution, quantity and stability of agnrenates have be-n

stressed. These parameters of agrreacation are imvortant in
determining a lot of physical processes in soil. It is well
known that the different arrangement of soil partizles can
nroduce vorious characteristics of -ore snice. If e take the
sphere as an ideal individual soil particle, the different
porosities are producsd betwaon the hewshedron ard dadeca-
hedron arrangement of particles,

.Slide « Hexahedron arvangement of particles

Slide . Dodecahedron arrangement of particles

Hexahedron arranaemant of spheres is loose. In this system,

each sphere touches six nei~hbors. If we combhine ~nd linz
cach eight srhercs

fad
—_— ) -

cwbe S
formed,

from their centre to centre, &
Taking the radius as r, the volume of the cubic unit is equal
to (2r)3. In the cubic unit the occupied part;?gfspheres just
equal the volume of one entire sphere,-%?htj, Therefore, the

porosity of one cubic unit is equal to
(2r}3— —E—frrB , and the percentage of porosity
3

in t*is system is

The dodecahedron arrangement of schere is wery tinht,

In this system each sphere touche: 12 neichbors soherves, I

we combine gand line from their centre =0 centre, ?
AR ¢ight sphere

“n formed. In one unit, the lenth of 1ts
$

inclined Cubeg ) o ‘ .
side is equal Lo 2v, one annle is eguasl to 607 and snother is

120%. The occunied parts of 3 spher:s ir thi- unit is just
;

egual to one sphere volume, ni—?‘rj. The leath of the Hottom

side of Lhis undt i 2

voluina of £5is unit ic equal to
203 rfx e=e 1. The porosity of tnis uirdit aquals
5

R ke
|y r = —tmr’, Thorefore, the percentage
T 3

c

vt porasity of dodecahedron syscem aguals



2{5 rzxg-r - -g-i?r3

2{5 rzx‘-g— r
W3

x 100 = 25,957

It is evident that the difference of porosity between two
arranging systems is wvery remarkably.

If the aggregate status is taken into consideration, the
porosity resulting from various arrangement can be summed as
following three kinds.

a, Maximum loose arrangement of p-rticles and annregates.
There are both the hexahedron arraniemsnt within the individual

spheres in ag~reqate and among the acnregates. In that case,

" .
P = 47,6h + 5-,36 X ’+7,61I = 72,58%
100 .
b, Intermediste. There are hexahedron arrangement among
the agqregates and d-decahedron arrangement within the indi-

vidual spheres in angregate, Then

P o=ou7,6h + 222238 X 25,95 = 61,030
100
g,Maximum tizht arrangement of particles and 3nnregates.
There are deodecahedron arrangement both amons the asnreqates

and within the individual spheres in aggreqat:. Thon

o = 25,05 + 2%203.% 23,33 o 15,147
100
It is, of course, much complex in the field condition.

— 7 -

If the aqgregates are destroyed due to some ressons,
thay are dispersed, In a certain compressive condition the
arrangement of particles becomes tight, As a result, a lot
of unfavorable properties of soil can be produced. for
instance, if the red soil with good structure is ground
for simulating structural destruction, the water and nutrient
retention and movement are liable to become unfavorable for
plani growth. From Zlides , , , , we can see that

a, Slide , the-infiltration rate of red soil with
poor structure is lower than that of red soil with
good structure. The measured rrsu]tkare ohtained
from field condition.

b, “lide , the evanoration rate is increased remarkably
alonr with the destruction of soil structure.

c, 5lide , the fixation capacity of phosphorus in
soor structural seil is increased remarkst:ly.

d, 5Slid> , te retention capacity of NHh—N in poor
structural soil is decreased remarkibly.

Tor the porddy soils, the ai:rejates can requlate the
witer—sir regime in s 7hod condition, ar the 3nil be dehydrated
after horvest of rice crop for preparation of sszedinn the
dry-farming ecrees. The strong shrinkage of clayey paddy soil
is pressnt without sufficient aqrregatrs after dehydration,

which influsnc:s the proparation af sesedebed. And the time



of seeding dry-farming crons is delayed as usual, because

the cultivated horizon is still stick without asnresates

resulted by poor drainage. 51ie: . . , Ghow the effeot
of aggregates on some physical nroperties.

5lide . Variation i~ hulk density under di“ferent

(=]

231} suctions of two structural soil

S5lide . Chonte of spacifie watsr capcity undsr

difrerent suctinns of two snils.

slide . The air-fil'ed norosity under Jdiffapant

suctions of tuc soils.
From slide , it h~s shown that the bulk density of
soil consisted from particles with diameter & 0,26 m it rapidlv

increased with tne incr2ase of soil suction, tut in the sofl

with agnreqatrs, the influsnce of seil wcticn om hulk dens
is not s¢ much 35 =bove mentian~t. The spozific wator capscity
and mir-filled corosity in soil wizh =ogre—ates ire 3lse

changed in & les oxtent alen~ oith-the incroase of soil suction,

This iz beneficial both for orenaration of :5i)l and crap or wih

after narvest of rice pl-nt.

?., Formation of annregate

The formation of soil a- req=te may be coused by two ways.
On the one hand, the individunl soil particlec are ~ethered
‘togethér into the anaregates by several bonding actions. On
the other hand, the massive s~il mas. is separated to aggregates

by different stresses. In fact, two ways of agnregate formations

;‘1
B

in the 1 gendition zre very dif deultly distinneshed.

3lide . Two ways

Tn general, more attenticnh has bein paid on how the
agyrerst o sre sothercd from individusl partic'es in many
suslzenviens of coil physics,

From Slide , we cn see tha model of .inregate described
by Greenlend (19810, This model con be formed by several forces,

slide . Model of aguregats described by nreenland
(13 Flocoulation of narticles
-, Tlectrostaticsl attractiom among the particles
rmtinal Azttle wment OF cplioids

Ao 1% Iz well known, the seil is » polyrisparse systr,
st the golloid: nrd isns with diffgrent charoes, ks,
cositives and negtives, are existed, T in a2 system the
paviicies have the same charges, thay are éteble, but in soils
the p-rticles ircluding some ien groups have di?fereﬁt'charges.
Some 5oil corponents, such 8: ornanic and silicic colleid-,
alumirum silicates ard snions bear nentive cheran, dtherriuch
as sesguioxides and cati-ns have positive charges, s to clay
minerzl under scid conditien, its edqes produce positive
charge anu its fzces have negtive.charge. A1) these differnset
charges can make them electrostatically neutrsl by their
attraction and the colloids are flocculated. The floccules of
colloids in early stage of flocculatinn is not neutrél,
hecause the positive and negtive charges of particles are

unequal as usual, and the floccules still have “rpegidual

— 10 -



charges positive or negtive, They car be attracted to form
floccules continuously until they are reutralized.

3lide « The sketch of isoelectric flereulation
from Kachinski, N.A,

b, ‘ctions of electralytes

It iz well known that the ¢olleid with a hi~h eleg oo
kinetic notential (Zetz potential] repel each other io
suspension. Once the Zetz potential declines shbout 2010 my,

can\the flocculationYocrur as a result of the atorm and

molecular attractiosn between the colloids overcomin- ¢ eir
repellent force.

The decrease of Zeta notential may he induced by twn
ways. One is monovalent caticnc renl cad by rolvwwalent cations,
Other is Increasing the concentraticrn of electrolvte in
suspension., In the former conditicn, +tYe polyvalent caticns
are tightly adserbed on the Sur‘acéﬁf colleid, they exhibit
compressed the deuble layer of celloid. The oomrressed forcee
of cations are dependant upon their walences ard hydrated
radius of ions. The greaster the compressed force, the stronger
the flocculatiny forece., The flocculating forces of dif erent

cations are in the following orders:

Fe3 a13%58a2% 5% 2% Ma23 NHl*) Ki'}NaH} eyl

The H ion is & special case due to its mincr hydrated

_— 11 -

radius and high strength of electric field on its surface.

flide + The orders of different kind of cations
by flocculating forces
&s for the increasing the concentratior of electro-

lyte in suspension, the osmotic pressure of dispersed medium
is increased along with the increase of concentration. As
a result, the double layer of colloid is compres-ed, the
Zeta potential is declined, which leads to floccul-tion.,
The concentration of electrolyte leading to the initial
flocculation of colloid i3 called as a flocculating limit.
Its values are dependant on the atomic quantity and vaience
of ions. The greter the atomic quantity and valernce, the lower
the limit value. Tt is shown in slide

3Glide + Floceulating limits o wvarious elset-ulytes,

Tt i¢ very important to know the flocculatir- power of

various cations for the =2gricultural purposes. For example,
the reclamaticn of alkali soil is by means of using calcium
sulphate as usual,

Slide « Reclamation of alkeli soils

4lkali soils:

c1 y Na | KaCH deflocculation and poor
&Y 7 Na Na, %04 77 physical properties

Reclamation of aglkali soils
Ha o ~ FYPR =
Clay ) ;5 *+ Cas0, ——- Clay } Ca « Ha,50, (leached)
¢, Brownisn movement

The mutual impacts of particles in suspension by Brownian

— 12 -



movement may lead to their flocculaticn owing to disappearence
of energy of particles in that case. The stronger the kinetic
of perticles, the more the energy is disanpeared and the
stronger the flocculation of particles is. As compared with
electrostatical neutralization and increase in concentration
of electrolyte, the effeact of Brownian movement on flocculation
is relative weak. :
From that mentioned above we can make the brief conclusion
about the flocculation of particles in suspension:
(a) it can be caused by electrostatic attractiocn,
(b) by the action of electrolyte -- decrease of Zeta
potential
{c¢) by 3rownian movemont.,

Slide .

(2} Cementation of floccules

It is obvious that the theory of flacculatien is huilt
on dilute suspension, that is, the ratic between the dispersed
medium and solution must be very wide, for instance, 1 : 100
or even apra, However, this ratio in actual s0il has naver
been found, even in the soil that is in water saturated condition,
In addition, same investigaticns have shown that the maxirum
diameter of floccules in suspension can not be exceed 0,05 mm

due to,in that case,their set*lina nu’ from susperncion undar

— 13 -

gravity. Therefore, from the viewpcint of soll structure, the
flocculation is only a fundation of floccule formation, in
other werds, it determines the formation of microaggregates,
while the macroacgredgate formation requires a cementinn or
binding action of flocculated particles.
There are main three kinds of cementinn substances in soil
as ususl: Clsy particles, inorganic colloids or irom afd sluminium

colloids, and oraanic colloids,

a, Clay particles

Usually the size of clay particles is less tharn 1uin
diemeter. Thus, they have a high snecific surface and a stronn
surface energy to adsorb the lons, mcileculsrs and even roil
particles, Many so0il scientiste have pointed that the ¢l:y
particles at least exert followinn functions in cementine
process of aggregates:

{a) Clay to clay particies gatherin~ togethier caused
Ly electrostatic and van der ws ls farces.
{b) 3. -resate formed bv cohesion betwe~n the oriented
clay particles,
(e} Sagregate formed Ly hydrogen bondine hetwoon the
the clay porticles and polymer:
(d) Sebydration promotos the develo-sirnr of the antecedent
acticns, 4s the snil dehydrated, the distance
between particles are sho-ter, anpeciall., the cohesion
and wnn der waals forces Lncome stronner,
slide . “etions of clay o rticlis-

_— 3k e



In the field condition the action of clay particles in
aggregate formation is dependant on the presence of organic

matter sgi the type of clay mineral, and the kind of ion.

As Baver denoted, there is a high cii?élation between clay
content and aggregation in the conditien of low level of
organic matter in soils. In those soils rich im organic matter,
- the effect of clay on agyregate formation becomes insignificant,
Warkentin, B3.P. in his paper (1982) states that a araph of a
soil ‘physical property against clay content shows a break at
10-35% clay. Up to that clay content , prepcerties suck as
plent avaiable water and compressibility inmcreazse with increaging
clay content, beyend this value, they depend on the kind of
clay mineral and can not be nreffictrd from clay content,

The method of addinec clay material into sondy solils is
very effective for improvement of some proverties of sany
soils and is widely used in China. For example, near tne Teilinn
suburb after the reclamntion of sandy soil by using the clay
material in amount of 10-15 T. for severa’ yeatrs,thr canacity
of water retention in s:il is incressed remarkably.anc the

Slide . Peclamatior of sandy soil by clay msterial

yield of winter wheat were increased in 2 to L times, Aag

compared with that of checlk,

b, Inorgsnical cementinc angents
Earlier, some scientists ~<cportad that the farm-tion

_— 15 ——

of stable aggregate in laterite is related with presence of
iron oxides (Lutz, 1934), Laterly, other sclentists have
conéidered that the effect of aluminium oxides on the formation
of aggregate is greater than that of iron oxides. Recent study
has indicated that the effect of both the iron and aluminium
oxides depend upon the dispersity of soil particles and the
form of sesquioxides.

The effect of iron, aluminium hydroxides on the aggreqation
may be dual. On the one hand, they may act in solution as a
flocculating agent, and on the other hand, they mey exert s
cementing effect. Most of the iren car be precipitated as &
hydrated gels. Dehydrstion of these nels forms a good cemantinn
agent for binding the flecculated particles together. In
addition, the sg regation can be completed by the sesquioxides
and humus interaction.

Slide .

In Sorthern Chin%

t'ne laterite and lateritic

Though in some scils,the clay centent is more than

curves, adhesions, modulun of rupture and “tterbera's limits
are quite different from other clayey soils, and are similar
to sandy secils. One of the important reasons is attributed to
presence of large amount of stable microagaregates formed by

the amorphous se-quinxidas,.

R S

, hut & lot of physical properties, such as water characteristic



In paddy soils of China the ireon hydroxides plsy an irportant

rele in aggreagstion. In delte of t"e Youn:tz river of China,
‘there double or triple cropping system: ner yenr are widely
applied. In double cropping system, the winter wheast =»nd rice
are planted. it the period of rice growing the surface soil
is flooded by irrigated water and reduction nzaces- is nre-
dominant. Ferric hydroxide is reduced £t~ the forra Ywdrowice,
that is, FE3+—+ Fe2+. In that cace, the soil ag-remate usnally
is easy to be disinteqgrated. However, in toe narind of dryfarmina
crops after harvest of rice, the padiy field is radual'ly tok
subject oxidation precess and the ferrohydroxide is owirdsted

to the ferri hydroxide, Fe2+-- Fe34. The dizperse] particles

are sgain gathered togetner by the cemention of ferri hydrov<ide.
In that case , the agarecaticr of padd. o1 ig inproved. 5
goad condition of permeability is favoranl: for crowth of
dryfarming c¢rops. However, for some padidy soils with poor
structuré, after harvest of rice the surfac: soil is still
waetted for a no short time even thou~" under dezinane. !'sually,
in these paddy fields the oxidation process, narticularly,

in subsoils is relatively weak, the amount of zmorphous iron

is lower than that of paddy fields - ith coud siructure,
Therefore, the variation of amorphous irorn in saddy soils
generally may be developed as an indiruct sarsmeter to assess

the soii structure in paddy field.

_—17 ==

In t e base saturated soils the przsence of calecium bi-
carbonate in solutien also can cement soil particles into
aggregates. For instance:

—— + CO, + H,0
Ca(HCO,), > a:CO3 2 5
cemen{ particles
or Ca{HCO,), * Call ——— 2Cally + )0
cen¢nt§=a particies
In acid soils additien of Cal {limming} or phosphate

can improved soil structure. Concerning this problem Indian

and Chinese sclentists have done & lot of gtudies.

c, Organic cementing ag=nts

It hes been recenanized for a lont rime that orasnic
matter serves as cementing sgent, Organic matter in soils
includes humus, polysaccharides, protin, liqnin an< products
of micrebial activity. The humic substances are predominant,
usually, amounting to 50-90% in soils. They cement soil particles
by folicwin: ways:

{a) The form of orcanic colloid is chanzed from sol
to qgel.

(b) by electrostatic attraction.

(e} by hydrogen bonding.

{d) by cation bridge bonding.

(e¢) by van der waals force.

Polysaccharides are a intermediste product of microbisl

—— 18 -



decomposition, amounting to about 5-20% in soils, Their

~cementing sction depends on their molecular weight. General
speaking, when the molecular weisht of polyszocharide atfain: }ﬁshgr
II', it exhibits strong cementiny action among the perticles,

Some studies have denoted that if the content of humus in soil

is less than 4%, the effect of polysaccharides is mere

significant, over this value the effect is lower {Gracnlar-,*”

In addition t~ merntioned above rets~ns of 2~ —nonvion
¥

change of hydrothermsl condition in soils, such as th

wetting and drying, shrinkage and expansion, freszinn -rt thayir

L

and the biolegical activity, such 3= root rreszure ard' earthwirm,

etc. all directly or indirectly influence the at-zarate Favm

Slide .

of aggregate formatidn summed by Harris are as follous. He,
first of all, devided them into three main tvra-:
I. Domain - Domzin
II. Domair - QOrganic polymer - Jorzir
I1I. Quartz - (Silt, Inorgano-nrgone colloids) - JTuartz
In each type there are several kindz of bindina forms to
be summed.
Slide .
I. Domain - Domain
A, There are cation bridges between the negtive face of
clay minerals
Face™

Faca™ we— M ——m
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Face - Face

Y

fdne -~ Face

iy, Namain =-- Organic oolymer ---

1, There rre positive edqge site to neqtive face,

o

o+ .
Edqul—OHi = Fac

Timty

@i

m

r : A
“arin ndae ——- Orginic polymer ---ifhoraln;

Aaiar oochonaoe. Positive adite site to nolveer corhoxyl
1, i aohana yeit )
Taeail CH+ —ame tfh—mnnTHnF—al Edc@
A A 2'-""' R S . .
LI N
= ydengen bonding between edoe hydrowy™ @il posymel
7, Huwdrigen ! K

casOnyL Gt

e Jomin

H

Tace -
1. soe-ere- bonding between polymey mydroxy

vr interpal {expendine lat ice mineral

alde.
b
Ao CT T e VOaCdae
- i

e = o

E 1 . h s - 5 ‘.‘ \
3, Tenion bridee betyo o negtive 1T an¢ polvmer carboxyl

- v - o AT
Sl e N s TC0CA-C00T e < Td e

, ater i he ed-e ard polymer
L, van der we'ls attractien between the ed=e 2 Y .

solymer - {Nomui

sed extornal

Vo fice siticoats

OXVilen.

AT

31 Tome
14a0 —== HO=A-0H === T=51 TR

2 antien bridae hindine betwecn domain external face and

polymer carboxyl or other polariz=zble groups.

n+ - =

Caternal faoce —-- L LTORCR-EN e M mme DX ACE

: i + ainm face and
3, vun der waols stiraction between the domain Tace ?

oroanic polymer.

IiT.

A. Chemic=l

hydrated

B hY
Suartz-(5ilt, inorganic and or«anic colloldsj-Quartz

honds ~stahlished between quartl surface gels of

aluminnsilicates and active grouns of other aggregate
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constituents,

B. Quartz grains held in a matrix of silt and clay stsbilized

primarily by:

1, oriented clay particles.

2, irreversibly dehydratsd silicate, sesquioxides or humic
4

sesquioxide complexes.
3, irreversible dehydrated humuc materials.
4, silt size microagnrecates stabilized by humates.
5, organic colloids snd clay dﬂméiﬂs bonded by mechanism

cited under I and II.

EEE ]

Clay domain defined as & gr-un of clay crystals oriented
sufficiently close tacet'er by catiens or hydrogen bonds
between the crystal faces to have as a sinnle unit,

MY __.. free cation ot positively charped metal oxide ot

hydroxide.

R -~ organic polymer with axis horizental or rerpendicilar

to clay domain.
AL

The combinatin~ energy of different bonds differs from

each other. The chemical bond including atamic and ionic bonds

gives 60-100 K.C./Grammoi, Hydroqen bond enersy ——— 5-10 .0, /4.m,,
And van der waals force —- 1-2 K.C./q.m., Thepefore, the aqurecate
formed by chemicel bond i: more stable th-on those forred by

other ways.

L

III Aggregate stability
——— Some assessments of indices of soil structure

It is well known, the soil acgregates will be broken

under the flooding conditien as wsual. In that case,

(1

(2

} The strength of soil decreases along'witb the incresse
of water content, because of reduced cchesion and the
softening of cementing materials.

y If macroscopic swelling during adsorption, this will
cause uneven Strains throughout an aggregate so that
its structure will be distorted and weakened. This effect
of uneven wetting will be greatest when dry clay soil
wets rapidly.,

Rapid wetting of dry soil can z2lso cause demage bf
trapped air escaped ffom pore in annregites. This
behavior car be easyly abserved when dry acnregates are
immersed suddenly in water.

1f the angrenates have besn broken by mentioned above

reassons, many physical nronerties of anil will be deteriolated.

Such

(95 4% 13

af ze

as due to las- of large pores and formation of surface

tin~ on dryina, the water infiltration rate and emergence

edlins 2an oo rapidly roduced, the riia-off and water

esrosion sre incroazsad sharply, Therefore, how to find that the

auggrenates in water are still stable, snd Yow £y measure them

as ar index Tor assesament of soil structure, Lhis is very .

important prablem not only for the theoritical, hut also

tor marny practical Lurpotes.
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Methods for finding how stable aggregates are in water
are mostly the wet sleving method introduced early by A.f.
Tiuliu (1928) and modified by Yoder and others. 4s for the
assessment of indices of soil structure, there are & lot of
recommendations introduced in many publications.

The content of wateristable aggregates in diameter of
10-0,25 mm, meaﬁ weight diameter of agarenates ohtained from
wet.’ - sieving method, and the charne of mesn weicht diameters
of aggregates obtained by dryiand wet sieving mrthods in recent
yearé are widely used in many countries. The content o% 10=
0,25 mm water stable aggregates is used 2s an index widely
applied in £hina, Eastern European snd India. The me=n uweisht
diameter of stable angregates is widely used in lmerice an?
other countries. The value is calculated by following formula.

n--
MWD ==,:E ,Li‘ui

»
=)
hJ{ -- weitht of & given size fraction of anureaate

i;i -- meandiameter of that fraction.

The change of mean weight dismeters of aggrenates iz widely
used in YWest Eurnpean,

In additicn to mentioned above, scme indirect indices of
assessment on soil structure, such as the distribution of
pore space in s=il and air or watcor permeability of sail are

alsogwidely anplied in many countries.
Lecturer, Prof, Yaeo Xisn-liann
Mivision of $6il Physics, Institute of “oil “ci.
Academia Sinica
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