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Investigating the quantity-intensity (Q/I) parameters of potassium in the

soil affected by the addition*efymitnerals and humic acid
Abstract

This study was conducted to investigate the effget,of using bentonite, vermiculite and zeolite saturated by sodium and
calcium with and without humic acid on the parameters of potassium guantity-intensity relationship in a loamy soil based on
a completely random design. The amendments saturated by calciumiand sodium were added separately to 400-g soil samples
at the rate of 1% and 2% (w/w). For each treatmenticontaining mineral amendment, two levels of humic acid application (0
and 0.5% wi/w) were considered. After the end of a two=month incubation, adsorption isotherm tests were performed using
solutions containing concentrations of 0.3, 0.6y 1.2, 1.8{ 2.4, 2.7, and 3 mM potassium chloride and 10 mM calcium chloride
and Q/I parameters were obtainedyIhe highesttanddowest values of AR:X were related to 1% Ca-Z and 2% Na-B + 0.5%
HA treatments, respactively. There was,a negative and significant correlation between AReK and PBCK and CEC. The PBCK
varied in the range of 5914-174:1 (cmole’kg™) (mol L1)12 and the highest and lowest values were obtained in 2% Na-Z +
0.5% HA and 1% Ca-B treatmentsgrespectively. The highest values of KO Kx, and K. were obtained in 1% Na-Z + 0.5%
HA treatment. The free energy of potassium exchange in treatments containing amendments saturated by sodium along with
humic acid wasggreater thangether treatments. The highest and lowest values of Gapon selectivity coefficient were obtained
in 2% Na-Z + 0.5% HA and 1% Ca-B treatments, respectively. The PBCK decreased in 1% Ca-B, 2% Ca-B, 1% Ca-V, and
1% Ca-Z treatments comigared to the control. These treatments have less power than the control in regulating the intensity
factor during the diseharge of soluble potassium. Therefore, they can be beneficial for the quick supply of potassium to the
plant. However, they are weaker than the untreated soil in maintaining and providing potassium in the long term.

Keywords: Gapon selectivity coefficient, Labile potassium, Potassium potential buffering capacity, Zeolite
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fgh g a d-g a abc
ARVZN HAS \7A VEIA e YINA 2% Ca-V + 0.5% HA
c g a ab abc
eIy VY VA WYY /oY VYD 1% Na-V
hij f a j abc
VA/¥ \TAYd Y/ \¥/5 o[5e VIV 1% Na-V + 0.5% HA
def a abc
74 YIXY 2% Na-V
efg a a
Ye/e [Fe oA IYY VA 2% Na-V + 0.5% HA
bc a ef a abc
\Yai /oY oA AYA VA 1% Ca-Z
g a ef a abc
/Y . [Fe AR Y. AL 1% Ca-Z + 0.5% HA
cd a cd a c
VAIY [0 LYRIN BArd YA 2% Ca-Z
def a ef a abc
Yy/. INg RLY IYY \AY4 2% Ca-Z + 0.5% HA
ab g a a a de a bc
\EIY VYN VA WY/ /oY of-a AYA VXYY 1% Na-Z
g f a ij a de a ab
/Y VYN Y/ \ol¥ oY oA A AR 1% Na-Z + 0.5% HA
cd f a c-f a ef a abc
VA/Y YIys Y/ WY/ INg RN AnY Y/YY 2% Na-Z
def ab a hij a ef a a
YAY Y/YA \7Al \#/ <[00 ofeY Yy AR 2% Na-Z + 0.5% HA
a a a bed a f a abc

S (P0.05) S5l (clasels wiz 03] wlil yo 5l5 dxe oglis i (Ui (ygian s > Lol by y>
Sl Jols bl CEC (LS o g e S (el Cu @ Ex. Na y Ex Mg Ex.Ca Ex. K (oSl colas EC



o sloni g wall S 0 Q/1 Sl gl yly (w2

ol bt ooy isles dlde jd s )3 )1)8 solaiwl 550 calisre (sl il )l gl Sl Cps &S Gad—CueS slaylages
a caliseo ol yzolyb o) 51w g 9945 o 0,Ll ol o s Lnlaged cpl 5l gl oSS p3 a8 IS a4 yiSo ol o (Jl>
2 xSl (Yse (o ¥) Loden slaglne ) sl 30)8 o (0 5Wh )3 85y (0 S8 (gwp 290 Jal
layles 3 Cwy a4 Hlade oy jieS g cp il g it (MOL L2 o/eN Y=o /o¥ e dialy )3 0ids jlow g Sl S
2,55k 13 )b Jgo sl VYV=Y/V e atals )5 S 5586 cdaylo ol 43 .0 ounlie 206 Na-Z + 0.5% HA 1% Ca-B
4 cals] )3 355 1% Ca-B g 2% Na-Z + 0.5% HA (glalass & bigsye ciyi & e 00505 o cpppichs 5 el 3
Sloss &)Y Jodo 55 S 3945 o 4Bl 0a o g 2ol slacSE 3 QU abayly 5l odel o 4y (cla yial )b

Jo5 o Tt Cadlhh o
29 ol b osd jlos S Sy 0 Sl peoly Culled s (p<S0.01) 3y o cxs AR fol)l jodle Lo
2% 3 1% Ca-Z sb)losi > coiy 4 bl ol jlade (pieS g (i glolen Sald 4 Condh JBIS L )03 (S
2 el @8 9 s oS ol bl )3 Jglore muwli s AR eyl (Y Jols) sol cuws 4Na-B + 0.5% HA
5 Joboee il (g Pl (5l 8 5 (o 3 1% Ca-Z Hlos 03 Sl ool |y a8es & (LS oS
Sob> sl )yl ol jlde (IS sl 4 s 8 olSHLST ) Mglglee sl Jlde it Wl oo (IOl
Clates s 4 lyin cnl 35 g 8IS roradS” sBMES 23T Bl o & o o (slooiS 23U
ol Sl g (ol B )5 epsliy ity o caom 5 5 oy eI S0 & Sl ooy b s (23S0 2
Slgi oo o5 a5 yial)ly cpl Ll e Sngan Al (139381 A8y (o loosisS gl (ol slajless Joloxe 6 )
oy Sy Al sy S 5l ool Jae a2y il 1l 3B 3 el Gl Sl 5 CEC l8l s
YL (6,8l cudylb b ST m g wyiod pl 4 cuib a5 LJa]) (Beckett, 1964) sl o olS (gly mmoliy oo
Mg g S gl g 29 @Bly ko 5 o olS I Bholr (1 Wl o 0bsS Sloj ol <SG )3 a5 Al olyen sl
3 Bles puwly sl (Mokgt )2/« oV §l aS” ARK 51 45,8 Ly (van Schouwenburg & Schuffelen, 1963)
- 55 o il e e b o/ Wy (ST o SIS o e 5 B il +/0 ) ) yiiey ST glosS o gl (sla e
duslio b (Samadi, 2012) BMeodcwl ond i ) sl S S § slad sl Ko o pr g (dew sl
a3 4 1, (Mol L2 IRy = A g lee N Y laaiels Sy S0 5 S cos SO 3 QN sla el
Oab —CueS alafy Mallls L (Panda & Patra, 2018) 150 o 1l dges (5,155 S5 g o culS sSB 5 AR (4l
mol 2 ¥/y X y." u}—‘l.uo b oo/=a=Y/0 X VT ataly )3 AR el )b a8 Wby L wim jd (ol SBY 3 penlsy
XV RS By peite oSS ) 5k sersile YVE BN n BSB ol sslS Jols cud s el 3 (LY
Glade 1y yieS Ty Cawl 0l 5,55 (Rani et al., 2023) )\ Kea 9 Jly laws AR jal,l (gly (Mol L2 V/¥—Y/VA
i D S 4 Joamo bl 35,5 5 a8 sl Lis byl gl cusls 8 zuly (65,655 cov 4 3 SB  bgye
e (St o 05 o5 (F Jgiz) QM (sloiahl o (Stowad calpd 13 5ol ol Gl cnga ol (559l
S pawly Gla o Se0l8 Jols cud ls il b s &yle 4 .l 459 CEC 9 PBCK 5 AR 1y (551 520 4
Strad (Samadi, 2012) (cdews bl LialS (Gud H551) Jslms 1 55 maly codld 5 I3l (CueS ,551) sl
Lalgy cadllae G 33 a3 8L s 9 351 10y 2 (a8 g Sl Sl by § 392 5l PBCE L (slaS B 4 s
Ui gl 8,8 )8 Ly 3y90 Wdg ok (6yglaen din 4D e e | ciliste Juolgd b aS S diges ST 3 QI



9 ARy (o) dme g Cute  Sied et .l HI\E (MOl LHYZ V/F=Y/Y X Vo™ alaly 13 ARK jlude &S sl
(Gosh et al., 2023) cusl> 3959 PBCK 5 Kx 5 AR o (6)b sz g (stio (Suads a5 Jb> 1> i ssalio KO
Saogud duwl oy g b (Sixe (laosiiS Mol b osds jlows 5 ol sl SE o Q/I dlasly (glo el b Y Js.\e’

Ke -AG’ Ky Kx K’ PBCX ARX L Loud
(mol L)1 cal mol! cmol, kg™! Ef::;i#f;z x 107 (mol L™)"?
¥/AQ Y¥Yo -y IR AN vY/¥ Y/-A als
h h fg b-e g p k
Y/vE Yyoy IV¥ ofsY AN, INYAS A7AN 1% Ca-B
| o} efg cde efg t d
¥/vY Y. AR AR AR iy Y/ 1% Ca-B + 0.5% HA
i m b-f a-d c-g 0 f
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b de a-e b p
AVAN AR <IYY Y10 ¥/A. 1% Ca-Z
jki a-d a-e r a
¥/AQ AR AR oIy ar/a AAR 1% Ca-Z + 0.5% HA
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Investigating the quantity-intensity (Q/I) parameters of potassium in the
soil affected by the addition of minerals and humic acid

Extended abstract

Background and Purpose

Knowledge of soil potassium status is very important in plant nutrition management. The thermodynamic
approach commonly used to describe and evaluate the soil potassium supply capacity is the quantity-intensity
(Q/1) isotherm. This relationship provides useful information about the soil fertility status, including the
potential buffering capacity of potassium (PBCX), plant usable potassium or labile potassium (KL), potassium
adsorbed in the surface places of minerals (non-specific) that is easily exchangeable (K% and potassium
adsorbed in the edge and wedge sites of minerals (specific) that is hardly exchangeable (Kx). This study was
conducted to investigate the effect of using bentonite, vermiculite and zeolite saturated by sodium and calcium
with and without humic acid on the parameters of potassium quantity-intensity relationship in a loamy soil
based on a completely random design.

Materials and Methods

The soil sample was divided into 50 sub-samples of 400 grams: 48 sub-samples were experimental treatments
with two replications, and 2 sub-samples were considered as controls (without adding.<amendments). The
amendments saturated by calcium and sodium were added separately t0)400-g soil samplestat the'rate of 1% and
2% (w/w) (4 and 8 grams, respectively). For each treatment containing mineral amendment, {twotlevels of humic
acid application (0 and 0.5% w/w) were considered. The control and treatedsamples were moistened almost as
much as the field capacity and placed in an incubator at a temperaturegof 25°C for two months. After the
incubation, adsorption isotherm tests were performed using solutions containing concentfations of 0.3, 0.6, 1.2,
1.8, 2.4, 2.7, and 3 mM potassium chloride and 10 mM calcium chloride and @/l parameters were obtained.

Findings

The highest and lowest values of AR.K were relatedyto 1% Cas&and 2% Na-B + 0.5% HA treatments,
respectively. There was a negative and significant correlation t@tween AR and PBCK and CEC. The PBCX
varied in the range of 59.4-174.1 (cmol. kg?) (mol L-Y)®2and“the highest and lowest values were obtained in
the treatments of 2% Na-Z + 0.5% HA and 1% Ca-B, respectively. The parameters K° Ky, and K. were in the
range of 0.14-0.26, 0.05-0.14, and 0.22-0.40 cmol. kg™. The highest values of these parameters were obtained in
the treatment of 1% Na-Z + 0.5% HA. The free energy 0f potassium exchange in treatments containing
amendments saturated by sodium along with humic acid was greater than other treatments. The highest and
lowest values of Gapon selectivity coefficientwiere/ebtainéd in 2% Na-Z + 0.5% HA and 1% Ca-B treatments,
respectively. The PBCX decreased in 1% Ca-B, 2% Ca-B, 1% Ca-V, and 1% Ca-Z treatments compared to the
control. These treatments fiave less powenthan the eontrol in regulating the intensity factor during the discharge
of soluble potassium. Thereforepthey can begbeneficial for the quick supply of potassium to the plant. However,
they are weaker than‘the untreated Seil in maintaining and providing potassium in the long term.

Conclusion \

Treatments containing, amendments saturated by sodium in companion with humic acid increased the CEC and
the potential buffering capacity of potassium. Therefore, these modifiers can be used for the long-term supply of
potassium needed byt@ plant in soils with light texture or depleted of potassium.

Keywords:;Gapanfselectivity coefficient, Labile potassium, Potassium potential buffering capacity, Zeolite
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