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Table 1. Statistical indices of some chemical and physical characteristics of studied soil samples.

Slrs Bl il oSSl Al wseS S

Standard deviation Mean Maximum Minimum Property
0.394 7.07 7.78 6.17 (pH) sl sl
0.653 0.66 3.13 0.17 EC (dSm™) S sl el
7.390 7.71 25.2 0.10 CCE (1) Jslae pods by S
0.287 0.84 1.39 0.30 Organic carbon (/) JI .1 5
2.900 19.3 23.0 12.4 CEC (cmol. kg") 538 ol s b
2.580 4.07 12.8 0.8 CatMg (meq/L) o jie + podS
104.5 230.2 629.0 74.0 Koy (mgkg") Gl 16 ool
10.45 28.7 44.4 10.6 Clay (/)
7.480 44.8 61.4 31.4 Silt (/) clew
9.050 26.4 50.8 14.4 Sand (1) .2

EC: Electrical conductivity, CCE: Total calcium carbonate equivalent, CEC: Cation-exchange capacity.

6/60% 3/33%
3/33%

H <10 mg/kg
6/60%

B11to 20 mg/kg
@21 to 30 mg/kg
H31 to 40 mg/kg
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)

(<100 mg/kg
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3201 to 300 mg/kg
1301 to 400 mg/kg
0401 to 500 mg/kg

B 2500 mg/kg

(<A
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Figure 1. Relative distribution of soil exchangeable potassium (a) and soluble potassium (b) ranges in soil samples.
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Table 2. Statistical indices of potassium forms and Q/I parameters in studied soil samples.

Sl Gl ol oSk ol WS Sns

St. deviation Mean Maximum Minimum Property
19.91 23.1 118.0 10.0 mg kg Koo Jshms ool
92.45 207.2 511.0 64.0 (mgkg™) Koy Jols ol
74.98 569 690 443 Mg kg ") Kex 238 ol
752.9 5928 7555 4836 mgkg ") Ky Slazstlo pomly
110.45 10.2 56.1 3.42 cmol kg'/(mol L)*F PBCY ol s 3 o b
0.0049 0.0048 0.0275 0.0002  (mol L)) AR Jsles s 3 ol cflad
0.022 0.032 0.115 0.0026 (cmol kg AKg Jsls b6 < s 44 ol
0.221 0.465 1.251 0.249 (cmol kg™) Ky Jsls b6 o 4 olsy
559.9 3364 2128 5151 (cal mol™) Ex wely Jobs 5157 5

Kso: Solution K, K.,: Exchangeable, K,: Non-exchangeable K, K: Structural potassium, PBCX linear potential
buffering capacity, the soil solution K activity ratio at equilibrium: AR, AK,: Readily exchangeable K, Ky: Specific

K sites, Ex :Energy of exchange of K.
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Table 3. Correlation coefficient (r) between potassium forms and some physical and chemical properties of

studied soils.

Sy il e Pl sl S st
Structural K Non-exchangeable K Exchangeable K Solution K Soil property
-0.05™ -0.11™ 0.42* 1 Solution K J glows el
0.47* 041* 1 0.42% Exchangeable K Jsls (,,.wu
0.85%* 1 0.41* -0.11™ Non-exchangeable K Jsls & ol
1 0.85%* 0.47* -0.05™ Structural potassium sl V.Mu
0.12" 0.11" 0.47* -0.37* pH Sl sl
-0.03™ -0.02™ 0.44%* -0.41* CCE dsbee ds il 5
-0.33™ -0.32" 027" 0.25" Organic carbon JI ;S
0.39%* 0.41* 0.46* -0.28™ CEC 58 dsls s b
0.72%* 0.79%* 0.58%** -0.30™ Clay .,

el 3 e M pe 5 o y3 0 5 do s Vsl CEM 03l e M o lasOlis s S ™ L
** * and ™ indicate significant correlation in 0.01, 0.05 P-value level and no significant correlation, respectively.
CCE: Total calcium Carbonate equivalent, CEC: Cation exchange capacity
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Table 4. Correlation among Q/I parameters on tobacco farming soils in northwest of Iran.

SAL b Sl s S g 4 el S ey ST 3 EXEe
oty 053 oy ol Jals b Jals 6 ety ol A s
PBCK AREK AK, K, Ex Q/I parameter

1 -0.77%* Kx

1 0.13" 0.03" AK’

1 0.37" -0.73%* 0.94** ARX

1 -0.74%* 0.35™ 0.99** -0.76%* PBC®

-0.51%* 0.88** 0.70** -0.46%* 0.81%* EKCy

el 3 M ple 5 o y3 0 5 do s Vel CEM 03,13 e M o lasOlis s s ™
** * and ™ indicate significant correlation in 0.01, 0.05 P-value level and no significant correlation, respectively.
PBCX: linear potential buffering capacity, ARe*: The soil solution K activity ratio at equilibrium, AK, :Readily
exchangeable K, K,: Specific K sites, Ex: Energy of exchange of K.
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Table 5. Correlation of Q/I parameters with soil potassium forms and some physicochemical characteristics on
tobacco farming soils in northwest of Iran.

Pl chle ST el gl ibos b cdlb o

2l 4L
ey by Jobs Jabs L6 Jabs L6 el el ey (Dol Q: _)ws
EKC, Ex Ky AKo PBCX ARKS Q/I'parameter

0.73%* 0.63%* -0.58%* 0.10™ -0.58%* 0.68%* Solution K
0.35" -0.03"™ 0.50% 0.42% 0.11™ 0.22™ Exchangeable K

-0.05"™ -0.44%* 0.827%* 0.72%* 0.70%* -0.58%* Non-exchangable K

-0.14"™ -0.47* 0.83%* 0.52%* 0.70%* -0.66%* Structural K

-0.25™ -0.19™ 0.32" -0.10™ 0.30™ -0.29" CCE
0.45* 0.51** -0.45* 0.42* -0.42* 0.61** Organic carbon
0.05" -0.05"™ 0.32" 0.49%* 0.34™ -0.06™ CEC

-0.28" -0.43* 0.827%* 0.23" 0.81%* -0.58%* Clay
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** % and ™ indicate significant correlation in 0.01, 0.05 P-value level and no significant correlation, respectively.
PBCX: linear potential buffering capacity, AR.X: The soil solution K activity ratio at equilibrium, AK, :Readily
exchangeable K, K,: Specific K sites, Ex: Energy of exchange of K, CCE: Total calcium Carbonate equivalent,
CEC: Cation exchange capacity.
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Abstract

Background and Objectives: Potassium (K) plays a vital role in increasing the tobacco (Nicotiana
tabacum) yield and controlling important quality parameters of tobacco such as leaf combustibility.
The forms of soil K are soluble, exchangeable, non-exchangeable and structural K. Plant availability
of soil K is controlled by dynamic interactions among its different K pools in soil that understanding
of these dynamics leads to management of soil fertility. Quantity-Intensity (Q/I) curves of potassium
and Q/I parameters provide general information about soil K availability and fertilizers management.
This investigation was conducted to study the K forms status and its relationship with Q/I parameters
in tobacco cultivated soil in the northwest of Iran.

Materials and Methods: Soil samples were taken from 30 tobacco-growing soils in north-west of
Iran. Sorption isotherm was constructed in the laboratory by equilibrating and shaking 2.5 g soil with
25 ml of 0.01 M CaCl, containing 0-200 mg K L™ for 24 h. Potassium Quantity-Intensity (Q/I)
parameters such as K buffering capacity (PBCY), K activity ratio at equilibrium (AR.), energy of
exchange (Ek), readily exchangeable K (AK,) and specific K sites (Ky) were calculated from Q/I
curves. The soluble, exchangeable, non-exchangeable and structural K forms in 30 soil samples were
measured. Soil potassium forms relationships with each other, Q/I parameters and soil physical and
chemical characteristics were investigated.

Results: The mean of soluble, exchangeable, non-exchangeable and structural K forms in soil
samples were 23 (ranged from 10 to 118), 207 (ranged from 64 to 511), 569 (ranged from 443 to
690) mg kg™, respectively. There were significant correlations among K forms except for solution K.
The clay values had a significant and positive correlation with each of K forms except solution K
values. The means of PBCK, AReK, AKgy and Kx values were 10.2 cmol kg‘]/(mol L‘])O'S, 0.00476
(mol L™, 0.032 and 0.46 cmol kg™, respectively. The Ex values for the check treatments ranged
from -5151 to -2128 cal mol™. The relationship of Ky, with exchangeable K was positive (r = 0.42*),
but its relationship with pH (r = —0.37*) and CCE (r = 0.41*) was significantly negative.

Conclusion: There was a significant correlation between solution K and exchangeable K values as
well as between exchangeable K and clay values presumably because of exchangeable K depletion
in soils that caused to decrease K concentration on tobacco leaf in studied reign. The correlation
among exchangeable K, non-exchangeable K and structural K values indicated that a part of the
non-exchangeable and structural potassium, could be available for the plant during the growing
season. It is necessary that consider soil properties by using quantity-intensity relations for
potassium fertilizer recommendation to increase K concentration in tobacco leaf.
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