Evaluation of Potassium Forms and Availability Using Different Extraction
Methods in Selected Date Palm Orchard Soils of Bushehr Province

Abstract

Information on potassium forms in calcareous, partly saline date palm orchard soils of Bushehr Province, and on how common
extractants compare with ammonium acetate there, is limited. This study determined potassium forms and compared potassium
extracted by seven extractants against 1 M ammonium acetate. Thirty soil samples from 15 orchards in Bushehr, Dashtestan, and
Tangestan counties (0-30 and 30-60 cm) were analyzed for soluble, exchangeable, non-exchangeable, and structural potassium.
The soils were calcareous (calcium carbonate equivalent 60—90%), mainly sandy loam, silt loam and clay loam in the surface layer

326.8, 97.3-714, 1308-3334, and 2246-4184 mg kg!, respectively. Structural potassium (about 77%
followed by non-exchangeable (16%), exchangeable (6%), and soluble (1%). Non-exchangeable p i
kg in some light- to medium-textured soils; its mineral origin remains unknowi ta. ‘rgan extracted
the most potassium and correlated very highly with 1 M ammonium acetate (r = 0.98 982 i dStbsurface layers)
and AB-DTPA,; 0.01 M calcium chloride extracted the least. As extractants were comp i m acetate, not plant

Extended Abstract
Introduction

and contributes to the o
The availability of potassiu 1l is governed not only by its total concentration but also by its distribution among different
chemical formsN@lilypotas enerally exists as soluble, exchangeable, non-exchangeable, and structural forms, which differ
considerably in their ava ty to plants. Soluble and exchangeable potassium constitute the readily available pool, whereas non-
exchangeabl llyacts as a reserve capable of replenishing the available forms under depletion. Structural potassium,
incorporate: the crystal lattice of primary and secondary minerals, represents the largest proportion of total soil potassium
but becomes a ble only through long-term weathering processes. Therefore, understanding the distribution of potassium forms
is essential for evaluating the potassium-supplying capacity of soils and developing appropriate fertilizer management strategies.
The calcareous soils of southern Iran possess unique physicochemical characteristics that strongly influence potassium
dynamics. High calcium carbonate content, alkaline pH, low organic matter, and variable salinity affect potassium retention,
release, and plant availability. Consequently, the assessment of plant-available potassium in these soils requires reliable extraction
methods that accurately reflect the potassium available for crop uptake. Although several chemical extractants have been developed
for estimating available potassium, the amount of potassium they extract varies considerably depending on soil properties.
Therefore, selecting an appropriate extractant for calcareous soils remains an important issue in soil fertility evaluation and fertilizer

recommendation programs.



Several extractants, including ammonium acetate, calcium chloride, AB-DTPA, Morgan, Mehlich-1, and other chemical
solutions, have been proposed for estimating plant-available potassium. However, comparative information regarding the
performance of these extractants under the calcareous soils of Bushehr Province is still limited. Furthermore, little information is
available on the distribution of different potassium fractions in date palm orchard soils across this region. This lack of information
restricts the development of reliable potassium fertilizer recommendations for sustainable date production. Neutral 1 M ammonium
acetate is the most widely used reference method, but in soils with large non-exchangeable and structural potassium reserves it may
not fully represent the potassium-supplying capacity of the soil (Havlin et al., 2005), and it is not known whether multi-element
extractants that are practical for routine testing, such as Morgan and AB-DTPA, give results consistent with it in strongly calcareous

and saline soils like those of date palm orchards. The unresolved problem addressed here is therefore twofold: th Is in which

method has not been evaluated for them.

Therefore, the present study was conducted to investigate the distribution of the soluble, excha

recommendation in date palm orchards of southern Iran.
Methods

orchards in Bushehr Province, southern Iran. Soil sampling was i t in 15 representative commercial date palm orchards
located in the counties of Bushehr, Dashtestan, and Tangestan. From e@gh orchard, soil samples were collected from two depths
(15-30 and 30-60 cm), resulting in a total of 30 co i i resenting the major date-growing areas of the province.

After air-drying, the soil samples were gently ci§she ugh a 2-mm sieve prior to laboratory analyses. Routine
physical and chemical properties of the soils were d i using standard analytical procedures. Soil texture was determined
by the hydrometer method, while soil pH and ctivity (EC) were measured in saturated soil paste extracts. Organic
matter content, calcium carbonate i ation exchange capacity (CEC) were also determined using standard
laboratory methods t*l

Potassium in the sOI ted into four operationally defined forms, including soluble, exchangeable, non-
exchangeable, and structural po m. Soluble potassium was determined using the saturation extract, whereas exchangeable

potassium was ammonium acetate. Non-exchangeable potassium was estimated after extraction with boiling

To evaluat®e agreement of different soil test methods with the reference method, seven commonly used chemical extractants
were compared. These included 1 M ammonium acetate, 0.25 M ammonium acetate, Morgan solution (0.72 N sodium acetate +
0.52 N acetic acid, pH 4.8), AB-DTPA, Mehlich-1, calcium chloride, and nitric acid. The amount of potassium extracted by each
solution was determined under identical laboratory conditions to allow direct comparison among extraction methods.

Descriptive statistical analyses were performed to evaluate the distribution of soil properties and potassium fractions. Mean
values, ranges, and coefficients of variation were calculated for all measured variables. Pearson correlation analysis was employed
to investigate the relationships among potassium forms and to assess the agreement between the different extractants. The strength
of these correlations was used to identify the extractant that most closely agreed with the standard ammonium acetate method; as

no plant response data were collected, the correlations indicate agreement with the reference method and not plant availability.



Results

The physicochemical characteristics of the studied soils demonstrated that the date palm orchards of Bushehr Province are
developed on calcareous soils, with calcium carbonate equivalent ranging from 60 to 90% (mean about 70%). The dominant
textures were sandy loam, silt loam and clay loam in the surface layer and mainly loam, with silt loam, clay loam and sand, in the
subsurface layer, and the average clay content was approximately 13%. Soil reaction was alkaline, organic carbon content was
generally low, and cation exchange capacity remained limited. Electrical conductivity of the saturated paste extract ranged from
3.2 to 13.8 dS m™, indicating that a considerable proportion of the orchards were affected by moderate to high salinity. These
physicochemical characteristics provide the environmental conditions governing potassium retention, transformation, and
availability in the studied soils.

Marked differences were observed among the different potassium fractions. Soluble potassium represented o

layer and from 13.9 to 30.8 mg kg™ (mean 22.1 mg kg™) in the subsurface layer, indicating relativel
potassium throughout the soil profile.

from 97.3 to 693 mg kg (mean 459.8 mg kg™") in the surface soi 66.4 to 714 mg kg' (mean 471.9 mg kg™") in the
subsurface soils. The proportion of non-exchangeable potassiu i een 4.7 and 27.7% in the surface layer and 3.4 and
important reserve capable of replenishing exchangeable
potassium during crop growth. Values approaching light to medium texture are relatively high at first sight.
However, non-exchangeable potassium cannot be j one, because the type and amount of clay minerals and
potassium-bearing minerals, particularly micas and re erals, are decisive. Mineralogical analysis was not carried out in this
study, so the origin of these ve%s cannot be eXablished certainty, and long-term potassium fertilization of the orchards may

also have contributed.

Structural potassim resented by
1,396 to 3,270 mg kg in the su
soils. On average, structural pot,

the dominant potassium fraction in all investigated soils. Its concentration ranged from
, with an average of 2,454 mg kg™!, and from 1,308 to 3,334 mg kg! in the subsurface
accounted for 77.8% and 76.6% of total potassium in the surface and subsurface layers,

respectively. In icularly soils 7 to 10, more than 90% of the total potassium occurred in the structural form,

Among the eva¥®ated extractants, the Morgan extractant consistently extracted the highest amount of potassium in both soil depths,
reflecting its relatively strong extraction capacity under calcareous soil conditions. Conversely, 0.01 M CaCl: extracted the lowest
amount of potassium (means of 95 and 67 mg kg™ in the surface and subsurface layers, respectively). This is probably related to
its dilute, non-buffered nature and to the extraction conditions, but CaCl. extracted three to four times more potassium than the
soluble fraction (about 22-23 mg kg™), indicating that it also displaced part of the exchangeable potassium; its low values therefore
cannot be attributed only to extraction of soil-solution potassium, and extractant concentration, extraction time, soil:solution ratio
and soil chemical and mineralogical properties may also be involved. The remaining extractants produced intermediate extraction
values depending on their chemical composition and extraction mechanisms.



Correlation analysis further demonstrated strong agreement among several extraction methods. Significant positive correlations
were observed between most extractants in both soil layers. The highest correlation coefficients were obtained between the Morgan
and AB-DTPA extractants, reaching r = 0.997 in the subsurface layer. Likewise, the Morgan extractant showed a very high positive
correlation with the reference 1 M ammonium acetate method in both soil depths (r = 0.984 and 0.982 in the surface and subsurface
layers, respectively), indicating that the amounts of potassium extracted by these methods varied similarly among the soils; this
does not necessarily mean that they extract the same potassium pool. In contrast, calcium chloride was most closely correlated with
Mehlich-1 (r = 0.914 and 0.921) and nitric acid (r = 0.900 and 0.803) and showed lower correlations (r = 0.65-0.84) with the
remaining extractants, possibly reflecting its limited extraction strength.

Conclusion

by structural and non-exchangeable forms, whereas soluble and exchangeable potassium constitute only a
potassium reserve. Furthermore, the Morgan method extracted the largest amount of potassium and
reference ammonium acetate method (r = 0.984 and 0.982), and it has practicaNgdvantages over am m ‘t e (a shorter
equilibration time, 10 versus 15 min, and its multi-element use), as was AB-DTPA. s‘icate agreement

with the reference method rather than plant availability, the Morgan extractant can i ndidate for routine
determination of potassium in calcareous soils of southern Iran, subject to calibrati assium uptake or leaf
potassium and to comparison of its accuracy, simplicity and cost wiffflihe ammonium e method; this may then contribute to
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