[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAY JUM}/(%))V&JJJRUM/‘.AQJ}: JL&/M@L‘QB}&}J}L&S d‘,.:}r‘,l;

(5 k) Ol Kl ciS cos S 55 QN Ll 5 el iiseo gl JS

\ Y. o
Shoo pwle 9 Olwyl fpald o s r\.@

OFAZIANE 5y )l € YPADNYY 1l 5 e s)

e A~

JB Jliis Olos s 43 45 3 gob gn o 01 ST oz 51 ponsliy &3 S @855 5 DS 0 gt 4 (81,5 QLS patns S
i)l 5 prmly Clisn gla JSE Condy g 2 5 s 4 Gl 2 5d sy OLLS g Sl BB el 5 e 5
S a5 Yo sk s A el (g g ailate 55 Ol KT i8S Cow GBS s el (Q/D) DS 4 aeS gla el,L b g
ey s (gLa JSb ) olandh (S5 Sl gt S (F s B (550l pen i las e 4 b )5 S
Kyo p3lis 45 313 0Lis ol . Lad ot LS nl 53 (Kpexe U5 b 5 Kox (315 Kay coslisinl b0 slsy 1Ky o ghone)
00 81,5 (S K,y polis duols .ol ke 2 5 Jgo hoo o/ YA Jaw 2 j5b 4 0/OF U o/08Y 51 013 Kol ciS cow gL S-
oS e YA lagia 5 b 4y PAY L5 OF LacSLs ol Koy polis dials iz on Sl p S0k 5 0 8 o YPO o gia 5b 4 $44 6
Kay Jldcis LacSLs 51700 51 iy 53 ol 558 3 0 5 (s YA i g2 5 5b 4 PAY G 1P 0 53 Kiex polie aiols by o p £ 5hS
S sls OLas QU sl g, Sldllas .aib e 013 Kol kS o LS oy 4 B Yoot S 55 (mg kg') YO 51 S
obhas | GLadlSe Bud JLS U 5 4 by e bl A6 505 g ot 5s5 (sla,l ges Ll 5 15 Sl 4l s Bdes Loyl gas
Ot ! (cmol kg/(mol L) *%) YA Jaw gia 51die L VoA G VY ol gS1 (PBCY) Jouily (30 b b 5ol anals . aidly oo
(ARS) Jslws ki 3 pelty Collnd o sl aials ol sy (= /AYS4%) (g,05 gmn a5 2asl, CEC 5 PBCK (gl ol 1
(r=o/PA*) Ko L (5503 sminn (St AR 45 313 0L gl . adly o ((mol L)) o/0 VS la gia jlaa by o/0YV b o/000)¥
‘S:’""V'a AK® .ol (emolc kg™) /Y)Y o gis j4b 4 5 o/FA G o/0 000 (AK®) Jsbs bl & s 4 ey polds O i aals 350

2ol (r=e/Q0%4%) (Uald Hlagd 55 el odlad Camad) AR b (5,15 sre

oty (b5 550 il G AL b B s 4 CoeS ) ey sl IS 1 AIST slaely
w5 S & g0 s ilisee bl 5 OT L L3I s les 25 ol

4-:.#})‘ LS0s ‘Lg)');L:S 0 ISESls (S (:}.LG )L:iﬂb E) J.i-)\ u»/l.‘.&)ls NSV Al
j‘.’.j".J AK.:\.J‘J gd))}L:\S SISl Sl (5}1.9 )L»JL’:MJ' Y
bdovlati@yahoo.com : s xS Gy (D30 J s 1 *

£YY


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAV JW}/(y)WJJﬁeJM/rﬂéjbb JL«/M@W}&},}U&S oﬁ;r}\;

ol Sl ces 5 slas= el Sl s BBl
AL el s

Dyt e ol il ST L S s il
LS ey =Y (don o) 5l 2eS) s sy )
5 (o3 Y=A) « Joli i maly =¥ (o3 V=Y 51 j208)
() 0lKen 5 LSYS (Ao 5 40-0A) Jlezsla ol -
Sis s o x5 8 Sal glaS 3 S S o 5158
055 m Jse (Sl oMY LS o/oo¥  Jsloee 0l
e o SIS 5 Jge Sl T e/oF y (JolS ol ltds
e (Bl YoV L5 oY (ol oS b (Bol5 2 el
2 e Bl WY LN SIS slty Sl 5 p SAS
Jolwd s 03 5 oo 4 WSS ul ol ine o S S
() iz UK L
Sl K < Ll 2K LUK < J=eK

SLaSLs ks (555 ol o 51 2ty 28T ol
3o e 5 e lS bl ol el anlllas (65,5l
LI 53 Sl Jslme ol a5 316 |y ol 65,
s LalsslS e jpam 3l cod (o3l A B elS
QD S g csaS bl 3,5 o 13 e 5 oS
bl bl (6558 Glaas 5 ol (sl s (200
ph g A g il a5 s es g ey bl i
slagialasl o3 spe el s ol 4 il e s3L5
S 3,0l Slas (6355 4o S St 4 sl
adaly B s o 20 ISie ol 8 (sl Olms 1 el
Ul jasie | St il Sleo gt 5 QT
sl s e b S s el Salos il Go b ol
Las i3

53 Ol Sl glasSs ol o ARS Ol &l i
A sk setige sl sl il (555 0 SIS
Sl e b Shs 2 55 Sl gl 5 bl
o Sbe Pl 53 by SV 2 slaw (551345 5 el 51

amilir 353 e s (PBCY) el (530 b b Uy

3 & (e PH (IGL e, 0l s 5 3L 28
JUasl aol b ladsslS 5 bao el dsles el ,dn S 5l
OA) S e S b oSl st sl 53 0350
S 1355 QLS o gt o (21,5 LS jars i
ot st 3 A3 i Ol ST 3 Sl el
J=U el Sl s B e Oley Hs e 40 oS 355
g Sl LS baw g S Ol

s oS S Ol g 4 (Helianthus annus)o\s Sols]
e S e (el G e 5 pls Bsle (s g 5
DA VA 5 Olgr bl 5 O 05k V) e 5 LB
oolasls st an ot das po 1) 55dS Lol ISl LS
Obsl 5o s (ol ClS 5 el fasge .ol 03l
3 e 48 A3l e U 1A Yy il 2 Ol )3T
ol 15 5SSl s s g JS es Yo
(Y) 555 0

Ay s O ST oS 03 g0 835 0 g3bae Slallas
s ol s (V) ilesls OLES [y el e e
Bl 5 S5 sl 4 a8 5 sed Oly 013 ST D3 g 135
7o S 5L KO) il AST o S S V5P 0l Sl
Sl OF 51 SUs (YY) & gl y Sl = b
s 48 (b el by A sl LS 0l S
VO sl OIS 5 s 5 A3 o/7 (55l 0l Sl
Ol Sl 039 w1355 4 4 b A3l oo pomly Lo
L o Csl oS il jats SIS 48 550 e ) 5eaS
355 50 aS oo 03 plpl st S Sl BB el
e SIS s a3 ezl JT (slas S b iy
bl 5l s il s 50 edd ol s L
Fely by 058 olane olie B pae 4 ol Cl (S
asllls 5550 ddae 53 JSlodde gla w p dals LA Sl
55 0l Kbl el 3 cm lasS s 3 a8 s e 0L
oS el Lo S 5 T glassS 51 o Ol 3T Ozl
@slaze S b aS 5, e Wl 1 .ol o oslizl

FYY


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

(5% 4ilaie) Ols Kl oS cow sl ;s QT Ly, 4 oy s (gl S5

SE el o K3
oot D el pldl S ojlas 53 Jiloes nly
it B ety PHEV 3 Y g0 S p sl sl Sl
S5 LI LSS 55 53 (V8) Olasr ¥ 5 K S8 A
o « PAR=[K]/[CatMg]™) oily pr o Lk
ey L3 5 (EPRA[KJ[CECK]) Jols pnlsy

3 5 dulws (EPP = K x100/CEC) Jss

Q) ol b 4y S Ly,

WIS Ve 070 ke 2l ks YO QT Loy, s 810
(Yo A0 e DY o gl bl L el sl o5 S
S VIO Slaaisad 4ss i 53 p S e Ao P ¥e (T
35 g ol J g b 5 0 3Ll (LSS 53 53) Sl
23ls OLSG Sl S 5 5Ll 5o ool 8 il A 55 YO gles
i ey Dde 4y adds 3 e Yeoe e b e S
Cobla Sl s Bl Jpdos 3 s 355k ol
e 3 eedS Ll i BC oS b 5 (EC) S, S
oy b ol b el il 5 ol ol oK b
(AK) s Cdrls bl eslty Ol LA (5,8 o310
Shesleal L (C) ol il 5 (Cp) oyl s oyl
el s &5 il

(C.-O)xV
Mg
ey Jolns 5ol clale o5 5 4 € 5 G 0f s e

(g) Sist St o r Mg 5 (ML) glons an V (mg L)

AK(mgkg™) =

by Sl e S gl L

a
osliul b ghoen g oy il (ARN =—=K)
\/aCa+Mg

ol b e 3 Aal Ces 4 p=0.013 EC 2 daif,
gffl.g\_f aJsles lesla Wl L (yi) Lap s o Jlsd

Ja

(YA) Us S acwlse Logy, = —o/004x Z, x —Y—
4 ‘ R

sl ya=yie; ilaly 5l eslizd b dao g el oI

£Y0

Col 4 cl e pb b sl Sl SO PBCE s
soel Vb Sl Sde gl olS s @ plyy ol
Sl PBCE S jlihe ool gus 35 dals alemde LG
S PSR B I R G N PN S TP v
oL Ed b ides cad JTlie S GS b o pa
S Coul oS (68 4y PBCE ps e bl | Wl ists
@ Sp bl Bl e 03 S ke 3 uly Ol
(Yo) el 2o

i 5 01 ST oS 4t 3 by el 4 a5 L
] p'Y G yaS ol 5l LS e baes by CliS 5
3 el il gl 8w 5o el Slalas
Olial 5,8 Sy S ol Sold 4 CaS gla bl
Sl Ll be addlas -
5 PLS dsdme) ol e la JSo slie (s ()
(.0l Sl ciS e ol gl s (Jsls
o (T QM) Cus a EeS Ll 5 b il s
S QT sl el el s Sl S5 s bl
LS S5 e (F S plad 5 (S5 b S s
sl ol

L sy 5 olge

S pbed 5 Kb Ol gt

0=Y0) ke SUE S o a5 50 Yo slias anllas ol 5o
am s Lol Sl cis e sl 5 (g e sle
G Vo 3l o Olml 3T ot ans uliiSls Slalas
O g e gad s S ‘5JJC‘*’-' S ke 5 S il
Sl e Nad ool H e (g5t Je ¥ SIS GAS SaS s
oo i Sl Al Las s plend 5 (S5 Sleo
ofo) Jsdoms 5 SLE N0 O prsiliw s 53 PH (6 0500
oo 4= (CCE) sl IS 0y S (e dS A5 IS )Y 50
e Sl 55 4 (CEC) 535S Jals b b (0 gl 55
L g Seslul (o) b= A1y oy JIw S sl


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAV JW}/(y)WJJﬁeJM/rﬂéjbb JL«/M@W}&},}U&S oﬁ;r}\;

e s Lo mes ol S (i dpe s oY=V 0)
23 e S e Yo) S Jylows 5o il wig clls Bl
G & a5 53 LS ) & 38wt Ol o ()
ol b)) Ll 85135 el a5l ol oS s
Clle s oLS LA o e el A Sl -
s 3ls (Sae 55 S o 55 e 5 S
(Mol +/21) b /oo \V LS oty ol Cad 25l
(Y Jsds) cmul [(mol LY o/eopy - Sile] L)
sl e i PAR o> 5 Jgowe onlyy, e IS 550
b IS Gaesls i e Sl tekae ol
S g 3l oty 0ol 0515 15 A3l a ol
Sy i S il 4 St ule el oS sl

35l

(030l L6 onlsy) p 3 gol bl b ol il JG sy
SLasSl oo gl Dbl b ol ] sl ol Sl ks il
oS ke VPO S0e) SIS o S e PO L 0O el
osle ol J_;b ('.”_,.NL\;N Q‘_}_.:A (Y d)v\_}) Sl (rﬁj_l:Sf
] w\{' U:AASWQJL:.\MJ Cjk..ﬂb\q‘j\" A LSLAQSL>
1 0ls Sl gl il Syt (M) OLSCen 5 Jos
SIS S S5k 53 0 S ke Yoo BY0 Lawsie 5k o
S G e (gl Y ey (F) g il S
S ke Y s s e 1) g dilate 5 O S
)l—&h)JKzofﬁj_LﬁS\°°Lﬂ)b\&&wtﬁﬁﬁ%
dj_ﬁs 2l 53 Bie ped S s 53 Mles S 4o g
WO oslizul B by ¢S5 AS 2 o8 e V455 L
u_i‘J_iYJ(\C)CA_«‘ OJ}A.; 4.:..,0‘); ‘JJ&KAJJKzo rﬁjl:g
RGO PR WA S LR P {0
oS ke PAY 5 OF LasSl Jsls mly Sl 5 el
Sl (S 5k 2 S e V9) gt 55k 4) 0 S5kS
S el Olse 5 s Ao o Olies (2 (F o)
D3 e 5 Cie ddal ) S e S Cou glaSE s

mﬂfbﬁ@@@dﬁﬁd\fevud;o)hb\
el s QT gl syl ARS Llis 55 AK sl
N O S N USRS SO (RSP J
s ARK 0T 55 48 u osliul B¢ = RTLnAR X
(V) el V.«.«.Nl:.i ol c b
3 (’Jj YO as QT slasls g 55 dolas Olej pns (g 0
Jﬁ)ﬁ@b‘(ﬂﬁ)))i)ﬁ%ﬁ:}).\ f;&:ﬂ/\" d)b-
Ll Sl “))JQ)Q\J_;\;;|J§‘_;JLW3>.)>YO by 5
QJ—&@W.MOJ‘J d& C.,&Lwr?}\‘f' AY &Y o
MQQBB.J%J;J‘}QJ:}LN@JJJJJJYM° BERTRENN
‘)‘ oJLQA_MJ‘l_:ov\_,.:v JSJ (SLAQLAJ L L5ij~) J\b Jjbpa DL

A é;ﬁw‘-’w‘ f-"_}:-" V-:"b eli.’l.ws

Cou gl

o303 OLES Y sl s LS Sled 5 (SKsd Slo ga
adllas 3550 G 555 0 aasDe S ()b 4 ol 0l
e i o g (e e o BL S A2 s
L O/A oy palds aals XS a3 s 5 (e oo
=S alie auls (A3 YH/F W Sw) Ay OY
palie wels (Ao s o/ W Kle) duoys VY G o/0d0 JI
(Ao 3V Y (o) Lo 3 V4 6 F/F sl podS by S
5 (o3 VA L) a5 /Y L5 V/O pH slie auels
YA VY LasSts 5usls Jsls cos b palis auls
s Sl Yo Sle) S S5S  Jse sl
ol (S p S LS

ey sl g
SLasS e o okt il sla S0 oolie 4 gy e s
ey 3Uie el o o3l UL Y gk s sl 5, 5
b g el 1S olie baglis 53 LS J gl
S s 5 St bl claSLs gl (V) 5,0l

ats


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

(s ailane) Ols ST S o sbS53 QT Ly 5 pulsy ki gla Y03

LS plasd 5 (K5 Sl gad S5\ ol

<l
cmﬁfigfl ofo \13[Hcac12 mﬂiw g S ens o Skl Sk S ojled
< 7. >
V¥ AY A /Y A L SES dlas |
A Ale \4 o /00 Yo L S&S dlas Y
Yo AIY WV o /Y fo C 5 5ks s
\iz Ale V¥ o/AQ oy C ks f
A v/A \0 o/VY A Si.C s skad o
\iz v/$ \0 o/Ve e C 5 5ks 12
YA v/A \4 /A \ Si.C St %
A v/A \4 o /OV Yo L e A
\\% A Yo o/fo Yo CL LT EN q
Y VIV \ A o/¥\ \0 S.L S5 Vo
\s Ale \0 o/4Y WV S.L ol 1
\s v/A Y o/$\ vy cL e VY
Yo /0 Y o/54 \0 SL N335 Y
A \74% o o/PV \7A S.L S~ V¥
Yo e \0 VAT \N C S ol 10
Yo Ale \4 o/0) WV L e \$
\0 V/A V¥ o /¥ Yo S.L P W
A N e Vo o /Y8 \0 SL 23 e YA
\Y V/A /0 o/eqe O/A LS 450 14
Yo Ale \0 o/54 Yy L G smilin Yo
Yo/ v/A V¥ o/fe Y#/f Sl

8 s LS h_;.a)pJ:C‘L‘J;.i(jJ:S‘L‘J:lﬂJ.«):Si‘C‘J.«):C (s L

Bl o oS ol wls 2alS il s ks Ol
(r = /WWHFFF) 615 e LS;.M;(,A andlas 5,90 G SLE s
(Y’ Jj.)a-) J‘)\J S
L e/eoAY Lassls sl HL& s Dol pans el
bl s e el (Y i) sl (o/0YF . S0Ls) o/ oAY
o3y L) IS )5 addlas 5,50 slaS )5 EPR 5 PAR

RGO I W

£YvV

Jled Il slass s Saen opl (Y0) &l 63 S Iy
= slasls s g (pSe/ee)) o35 Hls e j5i S
Ol 5 o A3t (St (1) 358 Ul e (150
s e ot ) 3 a5 pe SIS s sl oy
AV Jadr) LS
el e (Sen 35205 (Y0) Jb 5 Josld e w0
Bl e 0Us S5 e ) Aoy 5 oS
acalllae 350 SLaS L 3 Il ool Lol o5 ol


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

r ooled [ @a35l55 Jlu /b plia 5 (55,5L08 058 5 pske

aa}

VWAV Ol / (&)

[ 20-T0-920z uo Jrrge'nrddof wouy papeojumoq |

FYA

[T/T9v2T /8€T 21S8TS2Z T'TO0T 02 *HOd ]


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

(s ailane) Ols ST S o sbS53 QT Ly 5 pulsy ki gla Y03

wmﬁ;,,ﬁdusu@w,d&}ggwﬂ;yfﬁ,wgﬁdu;}mw(r)&r@%wrdﬂe

Koex Kex Ko PAR EPR CEC Clay

o /VOYHE P

oY —e YV EPR

o /VYVHER —o/o0F" —o/feqrs PAR

o /qQ e i o /VQ o Rk o/oY™ —o/foy" K.,

o VY kR oV o YRk o [AOATES o /VFNS —ofesO) K.

—e/YSY™ —e/rYO™ —e/YaYe —e/YTA™ —o/TEA™ —efe\¥ K.

—e/y PV VTt o/Y oo N o/FY o JAYYHER o /OV Y 0.C

Slgme % I ealty A3 EPP 5l Gl S PAR 5 5 ol Cod EPR 5 ol b eoslty Ko 3 sl eoslty Koo 505 iy Ko

P< o/o0) L ys o/ &M_}})\}JM FEEPS /0 Ao s Vﬁé@.@);)\;ﬁ‘**‘l’f o/o0 M):Ocia.dﬁ

o EPR = V/° PAR -°/° A4 .

o/oA RT= °/O‘~ w% °

EPR

° o/oo¥ o/oo¥ o/oof o/ooA o/o) o/o\Y
PAR (mmol L)

s 3) 90 LS 55 (PAR) ely dr Cord 9 (BPR (Jol5 sl Cond s bl ) JSC5

£Y4


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAV JW}/(y)WJJﬁeJM/rﬂéjbb JL«/M@W}&},}U&S oﬁ;r}\;

QN Ly,
g 1 Oley L edd Lol ol cbale ol s ¥ IS
Aas o QLS ey 5y e S s sl Olej oy
YE QI Slallae (sl sl Ol sl Gy s olal
i3 S s el

350 GLaSLs (Q/) Sl 4 oS Laly, ¥ 1502
Sl ga 555 o alamDle oSy 5b 4 das oo OLES | anlllan
Al S 15 (WX e $YL) Cdr ab s Boes QU1
il e Lol BB 5 3 ot WL sal sy (slasls gai
ol oS (V) 0l 5 Slasll by pli ol
St 35y e L S QU ot (sl s sad
allls 5,50 LS 55 ) Ol 5 JolS el Ol
Bl e i oS ol Sos ol w0y Cillas
s 50 Gl ol e el 1 5 Wt 5 J5LS ol
DS b el i 48 o Dl el sl
SLb| oL oy Oln 5o SalS dops Ao Sl g B
O ol oLl

(PBCY) Jouilsy (5 34 o
cmol, kg VoA L VY LasSts 55 PBCN ol ois acals
55— (emol, kg'/(mol L)’ YA . Slw) '/(mol L™)*
sl ilisee Lalse 51 ke aSL PBCY slie (F J5u)
L oS el o3l 0l Slids il o Ko olse opl 51 S
et (V7)) b g (R Ko (ol ol do s alS
Sliis conlgl T osle laie 51 sle Sl PBCy :slis
S 330 05 Sy 28 ool o8 Sl 00l 0L
Sl e (AT osle oy LSS L aslie 3 el 4
aS A S S8 O)) 0L 5 gl (4) 33 5 s Kg
T g 03 B 93 S0 5 esesr o SheS
e SLa 3 3y e Glanealy 0LE SBT S ey gla SIS
e S S S S el AS e Cmiles Y

b el ol e 5 Ol o Al o il el

Oliime slw b i EPR 5 PAR slis o Jls g 4ol
aadsbe ol 4 S (Ve 5 8) Col el 5158 58
Solz 5 (10) 0L 5 5l o g a0l Lol s
ol (s el cglis s 20158 () LS >
oo 5 s 5 ol el sl el ol
Ol ey bt G sla s w0 B8 Laly, Lo
ol 0 0313 Lo LS L I 510 Ol5pe 5 JolS amily
s 2) Kg = EPR 5 PAR s alal, i (Y9)
ol Glallse (Sl w08 sl 25
L oS osba col bl mha 50 5 el
29 b GRIBIKG o2 RS L 5 5 Jul Rl
31 Gl ol SGLES EPR 5 PAR cp el s T 51 5,0
Ll 0 8 slas
WV e/Ae Lasls ol sy Ao s Sl s 4l
SOl o (Y i) sl (Ao s YT 800) Ao s
osliil S ol Condy Ll 2stLa Ol e 4 EPP
o Ay Sl (LS il dos Sl A= Ll s S
ol Q) il s 5158 w3 YO BV OlalS
i S e glasls Sl s Dol el Olpe 4 S
o=l S Ol & CEC s 40 Jy cod ol 0ls Sl
e 5w slasl 5l e 0 Jols el Lo s
A a0 s V) 65 S 5 (F) Hskd (6 (V) S

RO PN

Ol Y S8 el b gl el 6 ey
o3b ) o S LS p e S e Vo FALTOY LS Ol g
oS e VY LV Fo LacsSLt Il b e alty i
Sl (0 S5k 2 S et TIA Lot 55k 4) 0 S5kS

(Y Jsa)


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

(s ailane) Ols ST S o sbS53 QT Ly 5 pulsy ki gla Y03

(G 2 pF o) s sy
z

CYSL
S )
s
WS
Yo

\0

Yo

(celo) oyl

fo

O3 b edkd Bl aley CBlE Sl ks Y K2

AK’ AR ARKX Ex Kg PBC® Sk
cmol kg’ D (mol L) cal mol”! (mol L) *? (cmolc kg™) /ol L H*?
o/oYe o/oooYY o/ooole —f0oo V0 Yo \
°/\A o/00\q o/ 0¥V =YYy Y/¥ Y Y
/Y4 o/ooYA o/o\§ -Y¥oeo \/Y AR Y
AR o/o00(o ofoee Yoo Y% aA 0
o/YY o/o00QY ofooYo —¥EVY Y/q VoA v
o /T oo oYY o/o )\ —Y$AQ \/$ Y4 A
o/o0fo AXEAIN o/ooo)¥ -0YY0 Y/0 Y 4
LVARTAD o/000\() o/0 oo -fvay \/Y \# Vo
o/oAe o/0 0oV °/o0Y0 Y000 \/& Y'Y VY
o/fY o/ooY? XN -YV0O0 \/A \t4 \0
°/¥4 o/oo¥¥ o/oYV -Y\YO o/AA YA \#
o/\¥ o/oo\¥ o/ooOA =YY \/# YY Vv
/Y'Y o/ooYf o/o\Y -Y#\ 5 \/¥ Y# YA
o/\Y o/eo\Y o/e\Y —YFoY o /AN AR \4
o/X$ AR o/ooAq —Yvar \/O Y4 Yo
°/Y) ooV o/o oV —YYYE V/A YA Sl

S ARG 50/0) M CaCly Jghown 53 amilty Collad s ARG 5w 2w |6 S g & ety AKT 5 Ll g 4L o b PBC* ;058 s 0 Ko

ey S5 G5 By Jols 2l

Y7


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAV JW}/(y)WJJ@{AJM/rﬂéij JL«/M@W}&},}U&S oﬁ;(}.\ﬁ

(\ SB) S Jlds g

(F S a8 s

oY T . .
AK -3/ AR — +/+) Y 1 AK —YF/F ARK — /¥4
“-g) AT R'=./ar = ] R'=./q8 *** /
o (=1 4]
S N 2. v T
g =l B Iy
ﬁ o E Al
ofes T % —]Y
s ] NI NNV Y ™
ARK (mol L) i\ ARK (mol L)
WV SB) Gy 5o (g O SB) o> o
/¥ 7

"'1 AK -Y¥/Y ARK —.)\F
R'=./av ™

AK (cmol, Kg™)

e

D ofeedd [+ YRR TA) oY

ARK (mol L)

AK -V5/¥ ARK — +/e0d)
R™=:/3A 7"

AK (cmol, Kg™)

EVTY JERYEST Y OV WYY ST IR |
ARK (mol L)

(V+ S Gomlin (g

o/Y] )
Jyd AK-Y4 AR® —./v7
? Y=’ dedkk
N R'=./av
s .
E .
=
E_./\- efosh o[NY o[e\F  +fe¥
<
YL L A
AN

ARK (mol L)

[P J&-]i_r'.__.i o

E -l wfeall w1l #lalB #)o £ e TS

= -

-

ﬁ AR -tk ARY — 73
_|'II‘F Elf:“llﬂ‘F (o
. AR (mol L1)

adlas 3,90 LS 51 galdas ;3 (Q) Ddd 4 CueS a5 503 ¥ JS.;

anslis i 053l 3L e ¥4 (mol L) T Lasst
Gl IS w4 bg e (Kg) o sl 45 5l 0lis e, Kl
CEC 5 PBC® sl o ot ol s s gms O 5 ¥
Y s o e L (00) L s Slallas s
sl sdalis (PBCK =YA/V +7/44 CEC, r' =0/ ¥#%%)
= (YA 55led 5 oSolal Sl 55 550 el .ol

L (O) wwus_j)ﬁww_qH C,_w‘ oLl &)‘Jf

AS cily a5 0l (YY) Wil e gdme — T glas IS
el el Sl 5 sl ge cnle (T esle Hlaie o sdle
(P< o/00\) (gls sme o= ol CEC 5 PBC® (gla ol )by po

Ol el (F S8 sl L34

oolee) (mol L) ™ ¥4 s o/AA (Kg= PBCY/CEC) KG

KO0 s as a5 L0 ) sl ((mol L) % 1/A

FYY



https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

(s ailane) Ols ST S o sbS53 QT Ly 5 pulsy ki gla Y03

Ols Lol ciS cou sl s ey lisve (gla IS5 5 QM (s el )y oy (1) &ﬁ ol O Jgd

AR AR EPP K° PBCX Kg Kiex Ko Kex

S/OYVF K,
ns ns
—o/MN0™ e/ Y Koex

AN AEERYA C\ VR S

ns

o/QFYHEE oY o —o/tve™ A" pRCK

o/o0A™  —o/YYET _o/Fe¥YojpverE  opAVER ARCO

ns

Y YLV Al A Y ¢4 V(Y2 S VLN R B o) ) >

oVeORE o/q0VERE  _o/Yaq™  _o/FEVE o xe\T o pyveEex opeqar AR K

ns

S/NAYEEE o /OFVE o ATEEEE _o/Fof™  _o/dONT —o/YO\ epvorE o/frq™ AR K

S/AVYHEE o AFFRER o /YOI o ATAEEE o/ YOQ™ o/ FYYT o fTET o AYORER o Fy P Ex

deojn CEPP ;s LB el AK? ;5 ol 5L b b PBC* ;058 o Ko 5 Jols b by Koo IR el Koo HEN% el Kex
Tl 3 st Lly (Dol (6551 B jemly Jole S b o ARG jo/0) M CaCly Jslous 55 ponlty Cdled Sl ARG 5 I35 ol
P ofo0) o 53 ls gme FFF P 0/0) o 3l fae FFPS 0/00

—

-
-
]

PBCK = ¥/ CEC +8F/f¥ .

‘00 - .

RY= o[ A **

PBCKX (cmol, Kg)/(mol L-1)%5

CEC (cmol, Kg')

adlas 5,40 sSE ;5 CEC 3 PBCK (py alayl, ¥ |2

81 AKO=1eV/Y AR K +/oYY
o RY= +[quk#%

. ook ofee¥ ofee§
AR, X (mol L)

adllas 5,90 GLASE ;5 AR 5 AK® 1y alasl, 0SS

£YY


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAV JW}/(y)WJJﬁeJM/rﬂéjbb JL«/M@W}&},}U&S oﬁ;r}\;

el ods oIS (YA) s,led 5 oSkl e s (ARS
Sasls) Al dis OlalS S jaze i3S 1 s &S wisls 0L OLT
o ol e 4l el ol b o (e
el el ol 5;)15 23 (’deh‘ Qo 4 FYo 5l 50 eslanl
el S AR bl (Sl (Sier o5 s e 0L
(O Jsde) 3,05 55 s P < o/0)) J glova
S A AR sl G 4 B 4 a5 L s
s s =0 /Fo¥) s (P < o/s0)EPP L (g ls me

6= oNS)(10) 1) 5 e Lo g

Ot el 0dos 35S (AR =o/0 o YA EPP + o/c oYY
3o 4y LEPP AR (o adal; 0) S 5 55 o
555 Al 5l Cssas (BPP =AY ARS+1/50 , 1" = o/057%%)
S el O SLGEPP 5 ARS (sla eyl oy I ixs dla

Py g S (Jols 31 alws 4 S Jloe 5o el e

(AK?) o3 Jo < g 43 sl
sk 4) emole kg 0/¥4 G o/o 000 AK® slie ol s aisls
S AK® slae (F Jsd) el (emol, kg o/Y) Lo s
P el s 4 4 (S G S 65w e &
(TF) Gl &y 0t G s (6355 ooly s 35 5
oy polie (e 350 e 4Dl O i 53 oS (g sb0les
(P < o/0)) (AK?) sl L6 & sems el s (Keo) PN
OSen 5 SO il sdal s 4y (53 e St
Sl sl 5 (ol ly o b (2 (Stsen 0 (7T
(YY) Sk 5 s odois 4o o3 S 5018 Aol LG
e Gla ol ghils a8 la SLS U:;jj W
gl A D G ey s il L o la ]
Ol pmailty 51 2ty JolS eoalty Ol s 4 53 .S

alas 5,50 cLasSE 55 s sl (AK®) Jsls LG
Loy 5 (P<o/o0))ARN (< Po/oo)) AR LAK®
il s e Saea s (P o/e0)) Jols oly
AK® 5 ARS - 1) (gls oms St 55 (YY) (ghes

o3 e (Saempa Ol Jled 5 655 0 bl slas-
Wles 5l Cwsas CEC 5 PBCY oyl 53 o |, (1 =2/55)
S Sllas 53 45 Jb- 55 (PBC =\/FYCEC -\ o/¥)
sdalie eyl 55 ol (Sol5 sne ‘_;(.Mﬁ V) oL,
U e 1, CEC 5PBCY daly (g5b3 Jolge .ol o
Ao ys o I slge Ol e 0 Ol 5 oo ale OF 5l 45 dias o 13
S ol ol 5158 5 S o)Ll edS DLy S Olgs 5 s
PBC" ) ojlbl & Js oa CEC il sl sl JTsl4e
4S das e Oliss Sladles =y O ) s S5
Sl S Wi e (e ls e PBCR ST esle 5
il ol L0l Sl bl el JTesle Sl
o PBC zals cle (V) aslyds 5 Lig (Y9) 5455 e
5 g 53 sl aesls Sl Slesle i aauly
Al e by ol Gl b a0 Sl hals
o s ¥ LYo s aS Wols olas 50 (7Y) ol 5 K
S Ao dime QLT .ol b e ey ldie 4 PBCY &l ks
S 5,15 0Ll 5 0355 aterly wy lie 4 B PBCE
Sosle spam oy 4 ol S5 - shaw Coale Sl s

355 PBCY &l i el

(AR) ety Jolas b o
(mol L) o/oYV L5 o/000) ¥ laSlt AR il eis 4l
3lie (F Jsd) ol ol L) % 0/00VE Lo e 4k 4
e s (P OS5 S5 5 (A) oS w5 ARS
mol )3 e/eoo¥ i o/ocoA s (MOl L") o/e0) 5 o/o0op
aS ol ails bl (FY) Glosgs ool ot L2158 (L
S8 o b ag /oY L o/o YV AR slis
ol el A e e QWL STl ey
Y e 350 S ol ARS (gade ldie slgi

r_iugsbﬁu é‘f‘jwtﬂﬂ\“’ j\/\ ‘\\c c\v cq A%

WHJJ“ASLQ“‘UKM°L3§L'3‘F ui‘“:‘}JJ“‘:'LL;‘

> o/o\ (mol L)) ARS iy slie 353 anlse

4


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

(s ailane) Ols ST S o sbS53 QT Ly 5 pulsy ki gla Y03

S oS il 03V ol Bl e el ) slaS
WL{JJSJ‘(J_"..E.BLSL_AQS[J‘)J caLSJ‘J\i‘ M)A.:Q..L:w)

A dlol e w aS Jsls (65 51 Hlde B3 5 eslinad

& 7S 4o
5 GBS 5l a3 00 51 i ealind BB ol e
eSS 2 p S ke YOO 5158 i el s Ol Sl is
S ddls 13 odor ab s Bdes 55 QU (Glasls el 5 035
Sy pde e d el S el ks 1 S
B35 o 5 s Ol 5 (LS oly Ol e (S
5 BB by s pde Sl (Sl by ol glasls gl
g SLasls 3 Jals aenly 4 Ol ST olS apdis (ISS1

sl andllas

OJ)_}T CM.)‘L: 4.;.6_5)‘ 4.5.2.4) éuél}- (S‘J" (r =°/‘\\”***)
AK® 5 AR, oy YU Saeea sy 4 a5 Ll
ﬁJu,aLSJJ)")M.SMJJ}ALSLALSB-AKOJ{'JLEJQ‘);&

0 JK2) 55 s e ARS

(Exdpemly Jol5 55!
Jsoe = 6 LS =0YY0 L5 -M\Y0 Lasss Ex &l s aels
5 S (F Jsdz) Gl (U5 s JS TYFY Sile)
O a5 r'f“t“ ol 5 as sy OLES (YY) e
('-”HNL\i Jj_..nsl.f)gjﬁj:jg;‘dj‘ﬁdjjg_fooo G =Yoo
B LSJMS—Y’OC“’ U —YO°° J:‘EK ZJ)J}M C,...w‘ LL:J‘ )J
(YV) Gl 6l 03ls u..a;;;&.: wLﬁ °L.:§ ..,\...Z) J,b )| J)_A
;J_A)')J “ﬂj\o AVO D duéucjjs.h&li))\wu|j

;_‘}_7.-\“’ )\‘\ c\/\ c\? ‘\OJ\‘\” dudbjr:ﬂﬁdugsb

oalaul 3,40 cLA

5 oS Akl i IS b0 5 5 Jlad (631508 S I roslty 4l sy MYVE 2 Oyl )

Ol 015 «$303LES Slis Ae=AY elys Il aalylol (55,5La8 sl Sledbl 5 LT IS oylsl AYAY b o Y

Ol Sl S g 5 3, Shes SRl (55 Shre sy ole 588 (i el Sy AYVA Ll g Y
Ol e o 5 oK (635 5LES oSy ¢ mlid Sl il wlid IS aebobl

Sl @l g 1385 03 KT ColS 5 CaS e 5 ey O eae e b 5B IYA Sl e 5l g ¥

Ol iSO 5 St Sl dw jo (Vs 45 gazms 25,

;,j_g)p_uum.;,Lwnﬁv_mdugsujnv}ﬁ,;w_xs-ML;,:JM@M.WM Lo sl F

7. Al-Kanani, T., N. N. Bartapar and A. J. Hussien. 1991. Evaluation of potassium quantity-intensity relationships in

calcareous soil. Soil Sci. 151:167-173.

8. Beckett, P. H. T. 1972. Critical activity ratios. Adv. Agro. 24:376-412.

9. Dobermann, A. and T. Fairhurst. 2000. Rice. Nutrient Disorders & Nutrient Management. Handbook series. Potash &
Phosphate Institute (PPI), Potash & Phosphate Institute of Canada (PPIC) and International Rice Research Institute. 191 p.

10. Dufey, J. E. and B. Delvaut. 1989. Modeling potassium—exchange selectivity as influenced by soil properties and

methods of determination. Soil Sci. 159: 176-184.

11.Evangelou, V. P. and A. D. Parathanasis. 1986. Evaluation of potassium quantity-intensity relationship by a
computer model employing the Gapon equation. Soil Sci. Soc. Am. 50:58-62.
12.Fergus, I. F., A. E. Martin. 1972. Stuthies on potassium. IV. Interspecific differences in the uptake of non-

Y0


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html

[ Downloaded from jcpp.iut.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22518517.1387.12.46.17.1 ]

\YAV JW}/(y)WJJﬁeJM/rﬂéjbb JL«/M@W}&},}U&S oﬁ;r}\;

exchangeable potassium. Aust. J. Soil Res. 12: (2) 147-158.

13.Fried, M. and R E. Shapiro. 1961. Soil- plant relations in ion uptake. Annual Rev. Plant Physiol. 12:891-1112.

14. Golakiya, B. A., J. D. Gundalia and K. B. Polara. 2001. Potassium dynamics in the soils of Saurashtra. Poster at the
IPI-PRII International Symposium on the "Importance of potassium in nutrient management for sustainable crop
production in India", 3-5 December, 2001, New Delhi, India.

15.Jimenez, C. and M. A. Parra. 1991. Potassium quantity-intensity relationships in calcareous Vertisols and Inceptisol
of southern Spain. Soil Sci. Soc. Am. J. 55:985-989.

16. Knudsen, D., G. A. Peterson and P. F. Pratt. 1982. Lithium sodium and potassium. PP. 225-246. In: A. L. page et al. (Eds.),
Methods of Soil Analysis, Part 2, Chemical and Microbiological Properties, ond ed., ASA and SSSA, Madison, WI.

17.Lei, Y. 1996. Nutrient requirement of sunflower and effect of fertilizer on yield and quality. Proceeding of 14th
International Sunflower Conference. Beijing/Shenyang, China.

18. Marschner, H. 1995. Mineral Nutrition of Higher Plants. ond ed., Academic Press., London.

19. Moore, W. J. 1972. Physical Chemistry. 4th ed., Prentice-Hall, Co., Englewood Cliffs, N J.

20. Moss, P. 1967. Independence of soil quantity- intensity relationships to changes in exchangeable potassium. Similar
potassium exchange constants for soils within a soil type. Soil Sci. 103: 196-201.

21.Poonia, S. R. and E. A. Niederbudde. 1990. Exchange equilibria of potassium in soil, V. Effect of natural organic
matter on K-Ca exchange. Geoderma , Vol:47, Issues 3-4, PP: 233-242,

22.Rich, C. I. and W. R. Black. 1964. Potassium exchange as affected by cation size, pH, and mineral structure. Soil
Sci. 97:384-390.

23. Robinson, R. G. 1973. Elemental composition and response to nitrogen of sunflower and corn. Agron J. 65: 318-320.

24. Samadi, A. 2006. Potassium exchange isotherms as a plant availability index in selected calcareous soils of western
Azarbaijan Province, Iran. Turk. J. Agric. For. 30: 213-222.

25. Sharpley, A. N. and S. W. Buol. 1987 .Relationship between minimum exchangeable potassium and soil taxonomy.
Commun In Soil Sci. Plant Anal. 18(5): 601- 614.

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

27.Singh, B. B. and P. Jonse. 1975. Use of sorption-isotherms for evaluating potassium requirement of plants. Soil Sci.
Soc. Am. Proc. 39: 881-896.

28.Sparks, D. L. and W. C. Liebhardt. 1981. Effect of long-term lime and potassium application on quantity-intensity
(Q/1) relationships in a sandy soil. Soil Sci. Soc. Am. J. 45:786-790.

29.Stumm, W. and J. J. Morgan.1996. Aquatic Chemistry: Chemical Equilibria and Rates in Natural Waters. 3™ ed.,
John Wiley & Sons, New York.

30. Tandon, H. L. S. 1998. Methods of Analysis of Soils, Plant, Waters and Fertilizer Development and Consultation
Organization, New Delhi, India.

31.Tissdale, S. L., W. L. Nelson, J. D. Beaton and J. L. Havlin. 1993. Soil Fertility and Fertilizers. 5th ed., Macmillan
Publishing Co. New York.

32.Wang, Jim. J., L. Dustin, Harrell and F. Paul. 2004. Potassium buffering characteristic of three soils low in
exchangeable potassium. SSSA. J. 68:654-661.

33. Woodruff, C. M. 1955. The energies of replacement of calcium by potassium in soils. Soil Sci. Soc. Am.
Proc.19:36-40.

ks


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.17.1
https://jcpp.iut.ac.ir/article-1-1148-en.html
http://www.tcpdf.org

