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3. Planar surface charges

AY


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

- '..'-:'-

ROy T Y5

B 5l st 5o S gy (K 5L b S35 5 o

-

Yo
*a
Ao

- o
§ .
nt AR 304 3
“. A AL A
B2B3 "V WA I SUVA S |
— .‘ ‘s;\ ‘.-(f\v W 9‘. .\w)‘t\ -
/\I\/\I\I\/\/\I\/\I\I\’\
S
TR
A I
NN
A
< b > w O e 0
- - e

iyt s e (e re(” of sHresee)

R N B8 L I MR e PO AR o R0 2D I 0B 40400 00000R0N
wl APATA JA SATA A S UL U YA S S UL DL NS

\\\\\\\\\\\\\\\\\\\
LI Nl Yol Wl Wl el

_’ " ' v ) ({1
N HHHH]

?._.,S ALY L I SR SR SR T oy
. CYRY ~
B 4 \ L4 \/\ /7 7 \t.\l\l\l\l\ \l\l\/\l\l\l\l\l

DI RS ST N SN W W W W WY -
ENVRY LI td XN
m--.-.-----

€€b~ BREOOE TR 3 200
AYAY N
\ \ \l\l\l\l\l\/\

bajld Tajled Yajlat Pajlad sl
g,

< DGR
\/\ ’ \/\/\/\1\1\1\1\/\l\l\l\l\l\r\l\f\r\f\f

3 S AR Y S K T SR YDA S L
4
-----—-- --

.ﬂr ﬂ.....cr Ve .::: . ?..C.rl: I:.t I...l; ﬂk/ﬂ!b \.St
\\\\\\\\\\\\\\\\\\\\

A

(HH .-.......-..-..u-._-

|

f H.:HHHHHMII Y e Mi:! lllln g
< 0 Y o

5 !
i |
4\\'"

] A1n|dquanuu.4 o€ n:A”mn4ndnmunw« 4 v

[ 02-90-920¢ uo 41Je' iy reuss| wo.y papeojumoq ]

S i\ JSE

&

Olghol (slapn) 53 el CBIS w511 (B) K23 5 (A) 57 blyd 3 e

AO

[09°€'G°08ET ¥65€9/ 72T TO0T 02 :H0A |


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

\Y¥Ao -_“g/(»,u o,u/@&lﬁcu,dj),wajg”ﬁ

A®

Vo
o
A<
Ve
¥
A

-
-

S5 HEe Y JSS

2Ysa
sYsa
R

By | g H
RERE R .
H I RIAY B 5 7~ w\
3
4]
...... . A
. R g
. A . e > 3
ﬂ NWVNVW WUWWVHVWIWVHVWVU.LN/\/\I V./st NNV O Y “ua § \Hﬂrm”\.&\ \f\A‘\ .\&\ ) \A ,.n\ N \a\.n\ \M\ \.M\p ' . ..f
~~
: LN 2
ey -------.--_ fn\a
. P\LP\.Pme/ D “
r E 4
2 bt )
] Iw na\.»:;\v\\\\\«\\\\\) b ™~ kS
hd T WL WA 33 . >~ |’|.Q
< OO (4 " g °
-u---—.- | < 3
3 s ) 4
- -“J *
>  ghahan ._m\
. i s
. o TR TR
< A @ NRNNRNNNANNNNNN I by
= X COOON] N
- H U uw
F =Tt =1 = 9
<+ L, a8 b . ELES e e S S S &
R < % a 0+ < % 4
0 o
o j .o o . 3 | - - - .W
_..u veep . v nOA\iJ.: QAM“J nlﬁh a Mlo\ahv o ag P ¢ o Ou 3
. JngOAJ.: 1143*“\ v >
L)
N
!

[ 02-90-920¢ uo I-Fe Nt reuss| wouy popeojumoq | [09°€'G°08ET ¥65€9/ 72T TO0T 02 :H0A |


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

— e =

&

........LSLMSG J“ ‘SJL;.\:;J )J S 3.5) US.L - ‘JLl ‘5\;‘;513', r:.‘

¥sa
'ﬂ
Ao

o
b T
SYsa
6777
2Ys2
2Ys2

R G SR R B R
LA \»\a\ AN N
IABRARRIEARIATNIEY

R

S
[HHHH]

s ..,« R AR
N \,\z\,\,\/\/\/\/\z

TR
-----m-

RUORIORAORO0LNS

n Vol 'S Y
I N~ /
m ‘e \1\1\1\/\1\1\ \

< T T S
\\\\\\\\\\\\\
/IIIIIIIIJ

N

lnl--.ﬁm-m-l
R e e e e e et
o . & . < 2
| 8] ol - -

Py o o (e o o5 57

SRR RVIIR g U]

? r I.Val N
|\UPPN..P\|\..\|_

\\o)Le.S\TaJLoJ\T'aJL«J\F SJLQ.:‘Q QJL»:
g,
B

I

° - .l

D 22
'4\\\\\\\\\\\\

USSR

,/zz///'zzllzr ‘s
—”mw—

gy

//If’l//lllll/lflf
IMH] 1} Fgigy
HHHHHHHHHH _-m

\\\\\\\\\\\\\\\

.u..hd..\h. ..I|J; Jl -y = m, Tz w;n..:HM.HH Sy 5

Caanss

&

3R SRS A

I3 =

7l

i
AR AR AR

Il Ill

TSy xR &
Ill/lllll’lff

)
e sl (B) K25 5 (A)

&

\\aJu\YaJL&i\raJL«:\PaJL«:\O aJLc.:-

Sy 53 e

<+

A

sacab-a LN e el al crsHregY)

AV

[ 02-90-920¢ uo I-Fe Nt reuss| wouy popeojumoq | [09°€'G°08ET ¥65€9/ 72T TO0T 02 :H0A |


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 |

[ DOR: 20.1001.1.24763594.1380.5.3.6.0 ]

VWA by pgw ojladd [ gty dlorf greb olie 5 55,5LE8 053 5 pslo

LS oy S0y 53 0 S ety e o Skn Y gt

Sl 3 poly 2 il 5l el S B o Sle ely e e Sboles
cmol kg™
Slgimel
\Y/VY o/oy /1y \
INid4 £/v0 $l0o Y
q/4y 0/%0 v/#a Y
v/a¥ Y/4. AR ¥
v/#a £/\e O/AA 0
/4 \TAtZ #lay oSl
Soletu g Jlowa, g
VofeQ V[0 AN#Y 4
758! O/AD diay v
Vo V¥ vy ASA A
\Y/Y0 O/Ye AIVY q
\PIYY VY/AY \¥/PV A
/vy ids a/¢0 oSl
oS

\Y/AO VIAA \o/Y® 1\
VV/AD O/AS AIAY \Y
\Y/YY #/AA Vo/Ve Y
\Y/AY v/IvY q/4y ‘¥
VAR gIYY q/AY \0
\Y/$4 gla¥ 4/AN ok

Wyl 53 oV i)y ol Mo oy 2l o sler
S )l 3 V ) 3 el s 5 0ls o RS
Sl 5 p it ez Sl AN G518 dols b
@ (P o ) el Sl o 208 ) JS S s5S dols
Jeeslgar ba )y 5o (¥ o) bl SLS gl 2
Vo gy e gla SLS aSams o OLGS (gylade s

Aol axshs 30 4 Bladl gla S (6 polie cal (Kes
23 0dd Sl ety (G5l g Jlomaslgr Sa )y 5o
Sl 4z S el Hlde GBI L Sl 5 el
2 (F Jodr) odd s oSSl (¥ JS08) ol il
oA S35 oS S o 2 23 L e )
WY S dals S aS el Jbm 55 pl 5 os y jlada

AA


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 |

[ DOR: 20.1001.1.24763594.1380.5.3.6.0 ]

........ ‘slﬁssk’.'j‘ ‘5JL°':‘.)'> S o) ‘;i!_J:SMJL. dh‘;jijj r:.a\’.'.!:o_",.::.ﬁ'

Ml i B G g S e i el s
i oub Bl e palls glacs sl e S ses
34l Raak 3 cormes g S palls e S s
whle Gl Lol s cuds pnlsy e (V) OLISes
s 4y e gl iy il ashy IS & gl
(ot el s 44 ST S5 ealizal b (0) p sk 2950L
ety a5 28l 50 (V) OU 5 iyl 3 (Y9) OLSan 5 45l
wzdly Rl 8l Jgloes o ey Jlaie 2158 L odd s
Rl ek QS 5 bl gy o edel s 4y gl
o LSS 5 5 e 5 5 el s cud b

Al g a3 55 4 sy

o B Sho b ) S5 el Coti LI
I st e g ke slaa¥ 5o 50 w5 oL S Azl
Sy Al s 4 pamslty S 48 il e b S
ol Joee 55k JS 6815 g el o)l 1 S
(V) S padndin 0 5 4 ponlly oS

5 00 a5 iy (5 le e Olginsl (sla ) 2
3y s G snn (Somnpd oy JS 54515 Iols b8
o5 L2aboiS Unyay ol 5o (=0 JAS P<o/od) cudls
S5 53 Sy daspo VE S i g 0 ) JS 558
S S0 Wy ol 53 i S on a5 ]y sy
Swmpd s Sl Y el Dby SRSl ety
cilys Sl S cuils (T=e JAY P<of0d) 5,l5 sas
ol S LI GELE oy sz Jods 0 Soen
O g Sy Sladlas 5 o jlad oy 5145 55 5b 4.(VF) o
Al ool S o S culid 08 B
sl e

el 4 s cuda Y s ol pleS e S
N s t=—c[sA P>0[00) 5,005 bls | ol e b

Sl epaiinme b 5sb s alnl 5 O ST 2 A G b

e & ) 5o B o S 5 e S sa)s 5 el
2GS et Jeadd g Bl e S 5 2l S s
5 glize s gy ety s (Sl ¢ gy S8 S

S ey ¢ 805 Ol o e 55 IS (gla ) 5
ol 4y 8 4 el GBI Sl 5l s e
o5 oS a8 ol oy 4 VY ey 53 (Y JSK3) el 4Bl
(S e o il s Dl @Y 5 o JS S5
M o iy 5 2l 0 Kilesy pralty o b
2503V oy 3 Skl 80l o ke o Al e
olad oy 33 el S G Klen o 208 Ol il 53,0l
str s Dl ¥ o) JS S5 Uals Sl S e VY
3 sy S SIS OIS (gla gy 53 25005 Ly Slde o 2aS )
bl S s aS ()b 4 sl 5 g md 55
Gl VY oy 33 sy (S SIS Ao g OLES (T J5r)
dng R o LSl g0 i IS 5 IR VD Gy 53 9 e
45 dms go OLES (V Jsder) by Jols 2 punlsy jolee
£ 2 Sl 55 Dl &S e ol O Sl anals
b s S S

Laz Stagm ool o aScmd pls So)lal L oS glassS
35l 5555 ety o a3d S 4 ey R0 21580
Loy plass 3 Gl ol st gy caily iuliil Kt
) 58 4y by Jolize Sl edins OLES ol ol e 0Ly
S ax Slogroren il oo panlty S 5 o) g5 0
Rl gl e (g ok sy S Al e 005
Plokins 0L 35yl opl &S s OLSS Loy plos 5o
Sl e el S 1 ) g 5 035 S bl
ool L Sis 5 55wl o el i i b
Al g2 b g5 e 55 059 5 2 55 sed se RIS Gla S
b B aS sl ol Ll 2 o S aallhe (v) O\
O e 3« SiS 5 Sl 93 58 5 el
b B 3 s gt oS nrs 5 s 45 S

1. Mixed mineralogy

A8


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 |

[ DOR: 20.1001.1.24763594.1380.5.3.6.0 ]

VWA 5l [ psm osled [ ooty o/ roh mlie 5 (55,0185 055 5 p5le

B3 S a0 4laie ul QO/A 580 /¥ e 5 ) ol
2 st Ol Y Sl ol Sl il oid 1S
doys OO 3 8V[0 VP[4 s Ve 39 A o )
2 st b Y S5S Uols aaleeSol; Ol e
o Byl pde s ¢ gy gla G655 5150 LS
Adbsr s Dl Y STl a8l ety

e 2,5 )Ll O 017 o L o) 3 48 (6 Ko s
Jobs ub_lgv.:f.cwl TR PRty L P A PR S
ol e Sl il 5 55 o0 s By nl 52 5 G 58S
Bl 336 o8 e S 5 Wln a5le _syla oy 50 (V) ond
ol S s e Y S8 Usls a8 sl
Jodo a0 (V) el il e 51 iy 58 s oS s
S ol o o IS 5 1S gla SIS @ sline palin s g 5
s Ol Wy plad 53 g9 5lezr VL e (llas
e VL L ey s Bl pde Jodo Al 5 ooyl o)
A s

a5 5 Sls o« 5 dloalgzr glam)
P<efob)alss gy blist s cda ¥ ,LL uly
oo 0¥ 5L U ety o5 Byl sy g0 55 (1= /4
SLOn b s o oY alold 0oy il o254 o s
By Slp 9 ehen) cpb 53 b Ol g ed bl LS oulsy
H‘mk—z%ﬁiﬁﬁd—wa\Jﬁ%uﬁ—?w;
el 35 5 g3 (635 oA Uy 2y (6la s

o Jomaslgar (slop s 5o 480l QLS g3y oS
ot U gladasly ol b el b el s 8000
Loy o2l 93 (T==2/88 (P<o[o0) s)ls 552y e
VE 5 (2en S S1S) 02T Ve cnlinsd L (sl SIS

Wrs e (QJ&JJJ%‘ ‘SLGJK) p):...ﬁj

Sl SLS o S (Gl 8 s dils |y puenalty s Ol g5 S
r._a..«.u‘.:_g: Cﬁ.:i.?).! LS"L.’.). CJ‘}_'; st‘é Vo oo R ‘}Z'é'g»_ul
sl SSw oIS ,_sLA‘JS\JAJu»K:_A 8 S FR
PO A RV 3 FRV-JORC. SU TRV P SVyy

Bl 4 a8 5508 o ppuliy s 1 oS diy
st odia Y g e )l Y Gl el 28
(00 ey LS 50l b G893 0 g B alilan S
15 5 oS oS e 3 Saagr ol S
b i s e Jde s oles 4 sl Y 5 ey S
Olgial gla ) 55 a5 dms e OLES @\:.5 oheas g ud
AU ey s s ot Y S sl S
il 208 Ca s e Y 5101 B i e o)
o el & (S35 Jods 4 et e ¥ b Lol
oS 53 G GRS ) A ¥ S gl G gl
V)3 fs oy

iy s 5 el oS 5:800e Bl i
Ot Olgiosl (Sla ) 93 483l 0L oy Ao ol b
St L lalasly ol ol 5 el o (S0l
oty ol Jds = —o VWV P<o[0d) 3)ls 5525 o
LS ol 33 gy Sl S5 e 5§55 03 5 LSy Yoz
Canliess b e sla SIS S ol oy e 53 s
Mie sl e ILE (F i) 2T N o
s amypy b u—“w-S 2K b S8 ,_;b‘? b ey
J=ds 5 e Foles ooty o e B 2y elyy
3l e Jole o Yomm ize ot

et 580ls s (bt s Sl Gl 52
6ol ire Saunpd oy JS 5558 ol SulaS g sy
ol GaalniS ey ol 53 (0= /AT P<o[00) 353 55 5
o S plty S5 L0 3 AT Sl e oy JS S5
3 el St 0S0e o Loyl 5 XS a5 )
M5 s g bl e sler 4N 558 oo S
sl s 4ok ol gla gy 45 ([I=efof P>0/[00)
IS0 S (Y Jpder) oy sl S Jtde 5 5
2505 6ol Dl oz Sl Y

V98 Gl 534S Jl s s e OLESY d_j.’-.?@{::’
stz ol Y 3 G Ul Sl 5l ool pise


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 |

[ DOR: 20.1001.1.24763594.1380.5.3.6.0 ]

e SBSE 5 (5 )led 5 S oy (K 2SIl (sla S5 5 el S

ol LT Jols b alty 5 5L (sla Shis kS jaiia |y
JSoL ke, s VYO BV 5 e s e Y 5L by ol 5o
S gl 3 oy SIS Sal s 45 4 ity o o)
FINO L ofA) 3 Jsls 2 ‘,....,L; Hlae e pd REIW
e Gl e wcal e 5L 50 Jge Sl
aS sl co u) LgLa‘;:lSQ;: olasOLES by ol 5o
35 S Ss b pelty S Bl s sl Yoz

! 0 ‘;JL'S _):‘:.9 ('..:ml;g:

I iy S hy B S s 53 00530 S
el s e 44 i o Yazol 5 il e

Lol pace odions 0L OS (sla s 3 g2 B

S ezl Jols p ey 5 5L sl S5 b el cus

Loy omtl 32 sy Sla LS Sl 5§55 slis Sl

i G 5 (V o) aleand slaay 35 S A3l e

Sl las oy gla IS a5 as e OLES (Y Jsdr)

oy S SIS Dl Wl 5 e oS (6550 oleend sla S5

oalal ) e cbﬁ

. Al- Kanani, T., A. F. Mackenzi and G. J. Ross. 1984. Potassium status of some Quebec soils: K release by

nitric acid and sodium tetraphenylboron as related to particle size and mineralogy. Can. J. Soil Sci. 64:
99-106.

. Arifim, H. F. and K. H. Tan. 1973. Potassium fixation and correlation of micaceous structures in soils. Soil

Sci. 116: 31-35.

. Barshad, 1. 1954. Cation exchange in micaceous minerals. II. Replaceability of ammonium and potassium

from vermiculite, biotite and montmorilonite. Soil Sci. 78: 57-76.

. Barshad, I. and F. M. Kishk. 1970. Factor affecting potassium fixation and cation exchange capacity of soil

vermiculite clays. Clays Clay Miner. 18: 127-131.

. Badraoui, M. and R. P. Bloom. 1989. The effect of wetting and drying cycles, temperature and extracting

solutions on measured potassium fixation in soils of two region of Morocco. Commun. Soil Sci. Plant.
Anal. 20: 1353-1375.

. Bochardt, G. A. 1989. Montmorilonite and other smectite minerals. In: J. B. Dixon and S. B. Weed (Eds.),

Minerals in Soil Environment. SSSA, Madisom, WI.

. Bouabid, R., M. Badraoui and P. R. Bloom. 1991. Potassium fixation and charge characteristics of soil

clays. Soil Sci. Soc. Am. J. 55: 1493-1498.

. Douglass, L. A. 1989. Vermiculites. In: J. B. Dixon and S. B. Weed (Eds.), Minerals in Soil Environments.

SSSA, Madison, WL

. Faning, D. S. and V. Z. Keramidas. 1989. Micas. In: J. B. Dixon and S. B. Weed (Eds.), Minerals in Soil

Environments. SSSA, Madison, WI.

10. Gee, G. W. and J. W. Bauder. 1986. Particle analysis. /n: Klute (Ed.), Methods of Soil Analysis. Part 2.

11

ASA, Madison, WI.

. Goulding, K. W. T. 1983. Thermodynamics and potassium exchange in soils and clay minerals. Adv.

Agron. 36: 215-264.

12. Grim, R. E. 1968. Clay Mineralogy. International Series in Earth and Planetary Science. McGraw-Hill

13

4

Book Co., New York.

. Jaynes, W. F. and J. M. Bigham. 1987. Charge reduction, octahedral charge, and lithium retention in

heated, Li-saturated smectites. Soil Sci. Soc. Am. J. 35: 440-448


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 |

[ DOR: 20.1001.1.24763594.1380.5.3.6.0 ]

VWA 5l ] pgm oyl [ ooy dlarf prb a5 (55,0158 0558 5 p5lo

14.

15.

16.

17.
18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Khademi, H. and A. R. Mermut. 1998. Source of palygorskite in gypsiferous Aridisols and associated
sediments from central Iran. Clays Clay Miner. 33: 561-578.

Knudsen, D., G. A. Peterson and P. F. Pratt. 1986. Lithium, Sodium, and Potassium. In: A. L. Page, R. H.
Miller and R. Keneey (Eds.), Methods of Soil Analysis. Part 2. ASA, Madison, W1

Lim, C. H. and M. L. Jackson. 1986. Expandable phyllosilicate reaction with lithium on heating. Clays
Clay Miner. 34: 346-352.

Lagaly, M. 1981. Characterization of clays by organic compounds. Clays Clay Miner. 16: 1-21.

McLean, E. O. 1986. Soil pH and lime requirement. In: A. L. Page, R. H. Miller and R. Keneey (Eds.),
Methods of Soil Analysis. Part 2. ASA. Madison, W1

Mortland, M. M. and J. E. Gieseking. 1951. Influence of the silicate ion on potassium fixation. Soil Sci.
71: 381-385.

Munn, D. A, L. P. Wilding and E. O. McLean. 1976. Potassium release from sand, silt, and soil separates.
Soil Sci. Soc. Am. J. 40: 364-366. ‘

Nelson, D. W. and L. E. Sommers. 1986. Total carbon, organic carbon, and organic matter. In: A. L.
Page, R. H. Miller and R. Keneey. (Eds.), Methods of Soil Analysis. Part 2. ASA, Madison, WL

Rhoades, J. D. 1986. Cation exchange capacity. In: A. L. Page, R. H. Miller and R. Keneey (Eds.),
Methods of Soil Analysis. Part 2. ASA, Madison, WL

Ross, G. J. and A. R. Cline. 1984. Potassium exchange characteristics in relation to mineralogical
properties and potassium uptake by grapes of selected soils in Niagara Peninsula of southern Ontario.
Can. J. Soil Sci. 64: 87-98.

Ruhlicke, G. 1981. Layer charge of clay minerals in K fixing sedimentary soils. PP. 1-8. In: Potash Rev.,
Subj. 4, 32 rd suite., Int. Potash Inst., Bern, Switzerland.

Senkayi, A. L., G. B. Dixon, L. R. Hossner and L. A. Kippenberger. 1985. Layer charge evaluation of
expanded soil clays by Alkylammonium method. Soil Sci. Soc. Am. J. 59: 1054-1060.

Shaviv, A.,, M. Mohsin, P. E. Pratt and S. V. Matiggod. 1985. Potassium fixation characteristics of five
southern California soils. Soil Sci. Am. J. 49: 1105-1109.

Sparks, D. L. and M. Huang. 1985. Physical chemistry of soil potassium. In: R. D. Munson (Ed.),
Potassium in Agriculture. ASA, CSSA, SSSA, Madison, WI.

Weir, J. 1. and J. L. White. 1951. Potassium fixation in clay minerals related to crystal structure. Soil Sci.
71: 1-14.

Whitting, L. D. and W. R. Allardice. 1986. X-ray diffraction techniques. In: A. L. Page, R. H. Miller and
R. Keneey (Eds.), Methods of Soil Analysis. Part 2. ASA, Madison, WL

qy


https://dor.isc.ac/dor/20.1001.1.24763594.1380.5.3.6.0
https://jstnar.iut.ac.ir/article-1-66-fa.html
http://www.tcpdf.org

