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Background and Objectives: The identification of the type and composition of

clay minerals in soil is of particular importance, as these minerals play a
fundamental role in potassium dynamics and in the soil’s capacity to supply
this essential element to plants. Clay minerals can influence the uptake,
retention, and release of potassium, and therefore play a crucial role in
fertilization management and in maintaining soil fertility. The present study
aims to investigate the relationship between different forms of soil potassium,
including soluble, exchangeable, and non-exchangeable potassium, as well as
the amount of released non-exchangeable potassium, in relation to the clay
mineral composition of agricultural soils.

Materials and Methods: Fifteen soil samples were collected from the 0-30 cm

depth of agricultural soils in the Shahrekord Piedmont Plain, based on
variations in exchangeable potassium, non-exchangeable potassium, cation
exchange capacity, and clay content. The physical and chemical properties of
the soils were analyzed. In addition, the exchangeable potassium of the soils
was determined using 1 N ammonium acetate, and the non-exchangeable
potassium was determined using 1 M boiling nitric acid. The amount of non-
exchangeable potassium released after 2,017 hours was measured using the
sequential extraction method with 0.01 M calcium chloride (CaCl,). The
composition of clay minerals was examined. The clay samples were saturated
with potassium and magnesium, and to identify the types of clay minerals,
Mg, Mg-ethylene glycol, Mg-glycerol, K, and K-heated treatments at 110,
350, and 550 °C were analyzed using an X-ray diffraction (XRD) instrument.

Results: The results showed that the range of soluble, exchangeable, and non-

exchangeable potassium concentrations was 11.5-99.7, 108.5-612.7, and
491-2065 mg kg™ 1, respectively. The range of non-exchangeable potassium
released after 2017 hours varied from 225.5 to 479.0 mg kg~ *. The dominant
soil minerals included: micas, chlorites, kaolinite, smectites, quartz, and a
small amount of mixed mica—chlorite minerals, with variations in their relative
abundances. In soils with similar clay and silt contents, differences in
potassium release behavior are mainly attributed to the type and proportion of
clay minerals. Soils with the lowest levels of exchangeable and non-
exchangeable potassium exhibited the highest non-exchangeable potassium
release, whereas soils with high non-exchangeable potassium content showed
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a lower release percentage. The results showed that different forms of
potassium had significant relationships with certain soil properties. Soluble
and non-exchangeable potassium, as well as the cumulative amount of non-
exchangeable potassium released after 2017 hours, were positively correlated
with electrical conductivity (r = 0.54**, r = 0.45**, r = 0.25**); soluble and
non-exchangeable potassium were negatively correlated with cation exchange
capacity (r =-0.18*, r = -0.26%*); soluble potassium was positively correlated
with organic matter (r = 0.21*); and exchangeable potassium was negatively
correlated with calcium carbonate equivalent (r = -0.34**). The different
forms of potassium and the amount of non-exchangeable potassium released
after 2017 hours showed no significant correlation with the total clay content.
Moreover, different forms of potassium and the amount of non-exchangeable
potassium released after 2017 hours showed no significant correlation with
total clay content, indicating that potassium dynamics in these soils are
influenced more by the type and composition of clay minerals than by the clay
content itself.

Conclusion: The results of this study indicated that potassium dynamics in the
agricultural soils of the Shahrekord Piedmont are primarily influenced by the
type and composition of clay minerals. In other words, the quantity and rate
of non-exchangeable potassium release in soils depend more on the abundance
and type of potassium-bearing minerals, such as micas and smectites, rather
than on merely the total clay content. Soils with high smectite content
exhibited faster non-exchangeable potassium release, whereas mica-rich soils
had high non-exchangeable potassium content but a lower release rate. These
findings highlight the importance of understanding clay mineralogy and the
different forms of potassium for designing optimal potassium fertilization
programs. To meet crop potassium requirements and avoid excessive fertilizer
application, it is necessary to consider not only exchangeable and non-
exchangeable potassium levels but also the clay mineral composition and the
behavior of potassium release.

Cite this article: Barati Zanyani, M., Hossienpur, A., Salehi, M.H., And Jafari, A., 2025. Soil Potassium Dynamics and Its
Relationship with Clay Mineralogy in Agricultural Soils of the Shahrekord Piedmont Plain. Journal of Soil Research, 39 (3), pp
287-302.
@ @@ DOI:_ 10.2209_2/IJS_R.2025.3_70593.786

NG Publisher: Soil Science Society of Iran



https://doi.org/10.22092/ijsr.2025.370593.786

YAY oy)lois [ YA uls | SB sl gidgh oolde 4y i

Publisher: Soil Science Society of Iran

S s gy 4

(& g S& ogle) "“’,,ém__ B

https:// srjournal.areeo.ir/

35 Kb (g1l Sl (o815 SRS 53 Wy bl S b o bl )l g S iy 2y

¥ gyinn phisl g sdlo s osee ¢ yo1 s Loyl (09 L1551 dasds yo

Oyl )5 e 3,8 e oKy (6 5yglisS 0aSily (S wdige g pole 09,5 "
Ol eileyS (yloyS yiml dupd ol (g5 ygliS 0aSily (S wdins g pole 05,5 v

oS> Alis Sledb!

iy (2bigy 3 (SIS (e (B a5 el Hl3)98 2 (Slofg Cool T SB )3 o) sla S Elgl lulis B9 &’

SIS  dasly yp Bua b pols adllas S o ] LSl pais ol ool > SB LUl g

0 oS ot ol 0 5T oL iy e (I 5 I3 s ol ply s RPN bl o

IS 18 ol ¢ IS iy Hlade )3 £45 wluslpp ST W03 V0 jglaie (py b plol 2]y s SB s oy e g
: : . VEF/- MY :‘_;)So)‘lg @)b

&> ))f).@(w L;‘é\...a‘b Cund LTCI)) dLmJb Lﬁ)“g;"""*’ . =Y. (5o )I Ry o)) g d}uls J)L.: W)JO’ VECE/ ALY :u«)ﬂi’ @)U

ot P oamoly (gjlodll e upuslty ilisee (gla S5 (SB pland § (o3 S Sy Ad 5yl R TRV R PR

<3l lis glis (855 )5 (py 390 (o) S oS 5 g Jgie s pSoslas gy 4 sl VoY ]

FAV-Y2Q 9 Ve AO=FAYIY M/0-AQ/Y e g o Jolope 5 (SOl Jglome pulty jlade <l yuss aleld

lee YYO/DO-FVA/+ oy 13 55 ceslos YOV I g 00 311 (Jol5 . osliy Yo 343 p,S'6kS” 3y p )5 Lo &S glaosl
S 5 5,158 bcuiSaml wantd SIS dacy IS dalSes ¢ Jalis (S I cla SIS 301 puiie p)SolS oS DS
5 ooy Mo b oS 53 il K0S b bl s Mo i j1 45 G3g by S lalSn Lalises W5 ey
oS Gl Casl (o oIS s g 9551 (8L Bdos bty (53Ldlil 18, 13 Slis anbito s (Ot il
ooliy sl 9 (Il et ¢ Jslore prliy Clale feuily S sl Shg (Sp b 5)blne dbay by iz cglaialy i
I= /0¥ s foud ) Cudld Cutte ( Siumod (o Sl olan cublB b acelos Yo WV 51 L o 315 Jols e 1alSee

) e (Sised Sl b5 cdil b (Plipd 5 Jobre el (r=e /Y0 o r=-[F0us

SloyS b (Il mawly g (r=o/V Vi) Cute (Stamen Jodlo b Jolono maly (r=—+/YFs g r=—-/\A%

005 3151 IS e pmols e g ol calises (gla JSb .ol (r=—+ ¥ Fss) Lo  Souno Jolro pundlS Jgms Bt o3 o1 *
Ol 9 el Soolind dad o ol &S il (o)l pme (Siuwed () JS jlade b el YoV 5l uy marziehbarati99@yahoo.com

Sl )8 ) s IS S 5 g gyl o il oy e il cov aSIT I i S

= b SB j lawy (wlis SBL O-l blsyl s S puwly ol NF+¥ cl gyt czp o 2dlo g o cpmues wp ( SWlj Sl talins!

YY-YAY o (1) SE slo jing sy dspuis ¢ imgsy o 5,8 i (gldioly cubd
DOI: 10.22092/1JSR.2025.370593.786



mailto:marziehbarati99@yahoo.com
https://doi.org/10.22092/ijsr.2025.370593.786
https://orcid.org/0009-0001-1332-8115
https://orcid.org/0009-0009-7670-450X
https://orcid.org/0000-0002-5322-3078
https://orcid.org/0000-0003-0800-2812

=15 LS 3w, bl S L o bLG g SB by 2Ly /YA

sl 5l oolinal BByt GlalS (sl el | S5
orl @bl Iyl (Saslsn anlp b 5l s
€9 5 oy S g9 «SB PH ale Lo 4 sl
Jsl & prio cota g > o 35 (i 25250 958
(Kaur, 2019) sgd 0 &S awyuwd b (yjbee & pawlty
S 2l Slge 5l 1Sl w13 ol Jlocnll
Prajapati and Modi, ) 8 el 1) (ely; lalS omls
(2012

& ohed (Siidday g S sble S o
el (P JB polie el (g9l oSS 292y e
ypas > (Murrell et al., 2021) 545 0 b Jols e
Foo s> bl Wi da S cul o8 Tawd olis
oyl oUlgs 5 3b da SIS oyl Cgonl amd ial38l 1) pawls
oY slaolle 5l sl slagg illil § Clo
sy b oe sl SIS > (Barre et al., 2008) cuwl
S ol wede (15 Y on el (95 bwy
o] ooxdans o5 (sla STy 5 039; (ol 5 blusl L6 é
Bohn ) cul S awss sal b o,B8 polaw 4 dgam
el S il claoylS 5l bl  Sudlen (et al., 1985
W )3 45 WS (o0 Cd iy JBI> Ceons 4y loj y9p0 4y g 005
Bertsch and Thomas, ) 345 0 3l (glY o pawls
5 Gl ol ply 23 dalSe (Saolgn i3l L (1985
bl G2 2o g 2bie Gl Sl o ol i
5 LYy Sadlee aobl by anlie sy 4
bbb daco¥sS o)y S il e demg 4 raiSewl
S phblusl Casls g 039 (gl el 9 yide gl
cle 4 bewSow! SE 05)h bewSow! 4 Caws (5558
o g pdyblul s (s csl¥ )l o8 T o
{(Sparks, 1987) w,l5 | pauolty Conis  oUlgs 5 aituds (oYL
lalSso 4 s lancuiSomsl | pansliy (3Lo0ll (> o 4
Dy g0 Pl Sy VS )9 9

sShy 4 SB by gbUSS gy
o sy oSS 55 g e «SB cdly f ol ke
(2l el gy SB Gl Pls cd )b (SK Jlasle
o (Sry S IS5 5 SB e 5 by e
{¥+V#) ol)Sen o Sadri .(Srinivasarao et al., 2007)
ol 3 () ST bl i sl S b))
Jols la SIS Je a8 wisls 5135 5 33,8 (wyp Iy oy
3 g N3y S 5 oSl bl daciSand
e g0 o iasd B oty Ltal38l el o] g acoiSand
5 L5yt ¢ Il pamls jlade s atels vyl andllas )

il ot B et 5 (K3 sl Sis
&8 xS J5b ame Il 5 (o) S oSy
o dlgo cuuldl 3 cow bsee S5 snimd JuSits (sla SIS
ohg gaw 5 ite )k 035 W s v g cnl e Jelse
Lyl olS jlisyge Sl yolie Cla o ege i YU
Ml do )] Szl oS 5 )yt 9 S 9 (o5 2ol
@B polie couts g iladlil ol cud )l 0)by> (saindd)
sl S (Dixon and Weed, 1992) 1S’ o o2lyd S )
9 @herd (S Sl Bb cov SBp w)
21y gl olgise s ol ol 2 g 5505 )8 (o5l
Aga J HlBle 5 (g & (o S 1) mand 095 A
5 Swlen b cov &S Ll S5 wldpw, &)l 4 )0k
8 S 5 ers s K3 sla S & amo Lyl
Sy iz adgl sl S 5 asl o 59 dlge i
s S (Gunal and Ransom, 2006) beb o JuSiis
ol olp) Sddaes 5 Sis SbSE  d929e (o)
229 9 CuS)s8 b (i B bl iy IS daciSond
(Khormali and Abtahi, 2003) titus by sS
IS e dwgy 3 gl pais (petin plgis 4 punly
S5 ke 4 paie ol sl LS A3 Cax ()95 polis
Jini) 5)ly 505 S > pleidlo g Jolspe ¢ ol ¢ Jobxo
SB Jolore 13 3350 muwlis ¢ Jole wuoliy (et al., 2024
P el ] ol Jb 0 S o5 sl b a8 el
x5 I slossgs Giie sl g o col aply
e o5 g 6 )3 505 (slalS b a5 (5,5
Sl SosS bws sy (Mouhamad et al., 2016) g
i BV 5l a8 S 53 53y U5 S S iy
Knudsen et al., ) &S o jus5 p,56bS 5 p,5 Juo Vevr
P BB Sl 4 o ol ommls Job5 pé pumolsy (1982
g g0 M| (Sad sloJsloeo g olisS (slagloj 53 9 0355
ool gl el BB liga V9o Syl b ol (s Jy
» SB ol ol ias (Al-Kanani et al., 1984)
S £ 18le ilisia Jolge & oS i 3590 el (el
@l ojlul g ylpaly sl S Slolyd (S 5> manly e
3 ol D3] paoly jlade «SB- oslatwl B puolis Hlade ol
Jalali, ) 5l (S ()bl Oy pawlis clalé o LS Ll
S 39350 G gl | IS8 4 ezl ol (2005
Sl ool ol cwl b S by S 4S5l (S5
ol Sn Bl el 5 lalpsls ol il ol
ool (Mustscher, 1995) (il paolty 1 IS i (g9l



YAV oyl [ ¥4 als [ S claid g}y oals s piid

oo S b pol adlas ol ply )1 (ol GlalS bawgs
P PL el Glols) S g el e JIS)
oy ol S L blayl o 0,8 b sl cuds slass

5 plml SB sl Shg plo

LS9, 9 dlge

VIVer Gy g =hi @l b oSad cdd
4 sl 0, g Ganjiams gy @A o CutS Cov S
lod 3Slo 3,8 s Sy giams owolilon olKan! Lol sl
2 3 oo ey VY15 oo 53) Jlo oo cjipsS
agia 5 oogpbs 423 ¥ 5+ 3 ole ) JLo ol (33
025y ol o Juo Bev B Yoo ddlale cpl > AVl 5L
S sl S5 ol gy m5) 9 Koo adlate S )l
Typic 09,5 5 ;0 39350 GliyliS ulwl p dilie e
2,5 s 5,8 calcixerepts

b ol bl SB sl ol adlllas jolaios,
ols Yo v Bos jl el SB wigad WY () sl S
0,8 s glaiely by S VFAY olopaygyd 0 (gyie
VSISl g g Wdigas (9,8 S g | oy 05 Spglaen
(P by oy Loyd adgl ladiged (pl ) (spie e
290w ST L GeslS Pl cudyls o (Dl punly
2lie (gols a5 S dged VO o Shy opl g5 el
S Shy g () JS) 28 QB gy iy il
ol mje <ol corbolsesl S Slewd g (S8
b8 (Gee and Bauder, 1986) (¢ yog)l gy 4 <ulyd
Rhoades, ) S 4 ol V 4 ¥ ojlac 3 S50 colun
Thomas, ) S & ol Y & ¥ jgumibusgw ,5 pH (1996
Nelson and ) j ygmolinS] og, 4 JI o5 (1982
Ogswl i Gigy 4 Jolee puadS” <l S (Sommers, 1996
cudyls 9 (Loeppert and Suarez, 1996) sl b oSy
Sumner ) pH=Y )3 i bl (igy & SB  Sal8 Jols
DL prly ¢y S (5,8s5l00 (and Miller, 1996
Knudsen et al., ) Jloy <G pasgel cliwl oy 4 bSK
Mo Sy doul gy &0 S Bl el 5 (1982
oSiwd b g glsuwl (Al-Kanani et al., 1984) lis> o
() iy Jae) 4 (oSl agibls

PPAY-AY <) o VAYZIYYD Y —FYF fei iy Sl o S
5 Najafi-Ghiri ol 003 _s)|55 S5 p SolS 5 p)S i
Sl ol S 3 & Kol L (Y1) olSen
S35 I dnco,)lS daciSanl bl thanl g 5 415L0S
2 Dgdee C8L F)IeS 5 Cad Pl (gSua)g (o8 polie
o FSiS 3blo )3 5 Cubl g lacuiSounl Sogb je sble
9 Byt (P Jobre il pdlie g oS
=OYY MYV S iy cadlllaodygo s SB p3 Sleidle
eite pSokS 1 p)S e FOAFZYTYR 4 VAY-IV-0 A
5 09y Mo b prsly o JSs &S W08 (315 gl g
Slo)S b o)l g Cute (Sturen (J9sl8 s cd b
b (Pl pely ) ibgne 5 e (Sturen mpuls
reliy Jlde 9392 i jo bl b (Jol5 e maliy 5 CoiSiond
sebay ol g el b S S g Sleidle
S LS plo jl 5YL ol xe

Gl b glaeh slacuss o
& o S JpS g o) Sl (Sfdledysed]
o BEwSewl g cubl asle ola S et 4 e oS a2
ol s puoly Solae pdlde gyl b SIS oyl g
39290 (o) SBSE £95 4 LS ()3 aliy 95 9 )ldo
slaaly s jd lapdly, (5 Cgled ¢ piean 3yl (S
5 P Jsle) sl SIS @ig s b
Alamdari et al., ) LKen 5 (gylaele Dyl (Jolsye
eSSy () S g9 o L)l adllas L (2015
laiely ey (31,50 548 dnlg 13 a8 00,8 by cpawly calises
s IS ded oyl (gyuin cwiSow! 5 clbl S &S
hl> 1829 gy Cdd g Coy (W3] 4 i ealiy
At ¢ YL polde

JBal bSE > o) (b S g9 (o)
S5 sl (Pt prly ilole) Copu g iy ilisee
el ilodlil g Cs gl )d 9 b Gle bLS)I i
b g8 o sl (gygp0 (55 Cupde
S el (2l 9 Seolid Jl G R0 4 el
9 Pt ol s Gloj b5 L oS (gygbdy el
9390 s (Bl g Jolre manlty @ Sl oo Sleidlo
oy g el Qe JBUI Cundy oy oSl
SB i S b oyl bl g ol maslty (s5lsla,



=15 GLSK >y, wlld S L o bLI g SB el 2L /YAY

472000 478000 484000 490000 496000 502000
N
S Ln.l.b‘)
=2
o
QD
w;
” 59 2 diged blis
‘ 3,5 s o504 48
(=3 g
(=3
S .
3 - e eiis gt
o
I e i
=]
>
=4
-l
~
w
L2}
[—]
>
=g
R
N-d
w;
o0
S VAAND 000
g1
-4
"g 0 25 5 10 15 20
—— Kilometers

5,5 e Cudd (€15 Gblie anlllae 5y90 S ¢ 10 wdiged bliS 2 ldl yin Cundge Y JSWS
Figure 1. Geographical location of the soil sampling points in the agricultural areas of the Shahrekord plain
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133 24.0 0.68 26.0 17.4 0.40 7.8 1
20.0 335 0.23 16.0 17.4 0.31 7.9 2
18.0 43.0 0.82 20.0 17.4 0.37 7.8 3
22.0 46.0 1.28 22.0 17.4 0.38 8.1 4
237 38.2 0.51 28.0 414 0.31 8.0 5
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21.3 24.5 0.87 14.0 19.4 0.34 1.7 12
22.1 245 1.02 16.0 17.4 0.33 8.0 13
18.2 34.2 0.40 38.0 35.4 0.31 8.1 14
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Figure 3. Clay diffractograms of samples 1 (a), 6 (b), and 7 (c). Mg: magnesium-saturated sample; Mg-eg: magnesium-
saturated sample treated with ethylene glycol; Mg-g: magnesium-saturated sample treated with glycerol; K:

potassium-saturated sample; K110: potassium-saturated sample heated at 110 °C; K350: potassium-saturated sample
heated at 350 °C; K550: potassium-saturated sample heated at 550 °C.
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Table 2. Amounts of potassium forms and the non-exchangeable potassium released after 168 and 2017 hours (mg kg™")
in the studied soils
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225.0 (46)* 126.0 491 108.5 115 1
410.5 (34) 2515 1212 355.3 22.7 2
3255 (42) 200.0 778 225.3 16.7 3
270.5 (21) 153.5 1305 120.7 19.3 4
242.5 (46) 130.5 527 156.3 11.7 5
361.0 (36) 202.0 1007 307.3 30.7 6
466.5 (23) 323.0 2065 585.3 99.7 7
294.5 (36) 160.5 822 439.3 18.7 8
312.0 (45) 166.0 700 466.0 16.0 9
270.0 (32) 142.5 845 4415 135 10
479.0 (37) 275.0 1291 595.3 53.7 11
460.5 (33) 302.0 1382 612.7 65.3 12
287.0 (28) 156.0 1028 462.5 29.5 13
226.5 (39) 128.0 575 413.3 12.7 14
3225 (42) 184.5 775 498.7 16.3 15

330.2 (33) 1915 986.9 385.9 29.2 Oke
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*: Non-exchangeable potassium released after 2017 hours by the sequential extraction method
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Figure 4. Amount of non-exchangeable potassium released by 0.01 M calcium chloride extractant in the studied soils
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Table 3. Correlation of potassium forms with soil properties
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