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Table 1- General information of the soils studied

S gunaab
S o lowd AR u‘)‘)"__u:'!?") L 37) ();A) s, 51,5 90 50 SB egigumS U
Soil no. Location MoFlast-Temp. Elevation (m) Physiography ARAE
egime . e
Soil classification
Taxonomy, 2014
1 ’I’” Xeric-Thermic 1848 @.)'J'Al"_"k)" Typic Xerorthents
Shiraz Colluvial fan
2 e Xeric-Thermic 1789 leeb ey Typic Xerorthents
Shiraz Piedmont plain
3 - Xeric-Thermic 1450 _d‘“‘b W” Typic Calcixerepts
Fasa Piedmont plain
4 N Aridic- 1105 _d“ub o Typic Haplocalcids
Darab Hyperthermic Piedmont plain
5 Sy Ustic-Hyperthermic 1436 _d“ub wa Typic Calciustepts
Noorabad Piedmont plain
6 ‘3‘%"““ Xeric-Mesic 2204 oy cud> Calcic Haploxeralfs
Sepidan Plateau
o Aridic- 55 yo Cudd . .
7 ’ . 1100 e Typic Haplocambid
Lar Hyperthermic Plateau ypie Rap
8 U Aridic-Mesic 1998 .d‘“‘b W” Typic Haplocalcids
Abadeh Piedmont plain
9 255 Xeric-Thermic 2231 ciye cub> Typic Calcixerepts
Dezhkord Plateau
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Table 2- Physical and chemical properties of the soils studied

Clys S
8,kow o) R s STonsS S Jols Saln .
. § sy S el S
S Clay Sand Silt ocC Dolee WS . Mineralo
Soil no. (%) (%) (%) (%) CCE CEC EC ! 9y
) (cmol™ (dS/m)
) kgh)
1 37 25 38 7.30 2.2 55.1 18.4 2.1 C>P>1>S>K
2 27 49 24 7.94 14 66.3 22.1 0.9 P>C>I>S>K
3 26 49 25 7.93 1.2 48.0 19.1 1.2 P>1=C>S>K
4 31 29 40 8.18 2.1 53.6 24.3 1.2 P>C=S>I>K
5 43 22 35 7.83 0.4 225 32.6 1.8 C>1=P>S>K
6 45 26 29 8.02 1.3 14.0 39.1 1.0 S>C>I> K
7 27 42 31 7.74 2.0 73.1 15.2 2.0 P>C>I>S>K
8 40 31 29 8.34 2.3 22.5 28.7 0.9 I>P>C>S=K
9 37 27 36 7.99 1.9 28 33.1 1.0 S>1=C>P>K
oSSbe
35 33 32 7.90 1.3 42.4 26.2 1.3
Average

S: Smectite; | :1llite; K: Kaolinite; P: Palygorskite; C: Chlorite.
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Table 3- Different forms of potassium and their relative percentage in the soils studied

iy Aliseo (gl IS

oLy Bliseo (S JSWS & 595

0 ylows K forms (mg kg™) Distribution of K forms(%)
SE g Bl i Glisle U8 o B Blind
Soilno.  splution  Exch. Non-exch. Structural Total Solution  Exch. Non-
exch. Structural
10.5 185 312 1778 2354 0.29 10.9 13.2 75.5
2 6.9 166 282 2008 2523 0.18 9.1 11.1 79.5
3 9.7 172 367 2644 3256 0.19 7.3 11.2 81.2
4 9.9 171 445 3223 3912 0.16 6.0 11.3 82.3
5 13.3 360 984 1490 2981 0.29 16.7 33.0 50.0
6 45 304 1107 6906 8437 0.03 4.9 13.1 81.8
7 13.6 216 401 1598 2312 0.58 12.9 17.3 69.1
8 5.5 378 1694 2221 4443 0.07 11.7 38.1 50.0
9 14.0 232 623 2608 3561 0.26 9.0 17.4 73.2
Sk 10.5 243 691 2720 3753 0.22 9.8 184 714
Average
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Figure 1- X-ray diffraction nomographs in some clay samples of the soils no. 1, 2, 6 and 7
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Figure 2- Changes in different forms of potassium, as affected by organic acids and vermicompost. Different letters indicate
significant differences at any time of the columns means at 5% level by Duncan's test. Different letters in parentheses on the
top of the column indicate significant differences in the averages at different times are at 5% level by Duncan's test
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Introduction: Potassium is an essential element for plant growth and exists as four forms in soils: soluble,
exchangeable, non-exchangeable, and mineral. Soluble and exchangeable K are considered as readily available
and non-exchangeable K as slowly available. Organic matters and acids play an important role in increasing the
bioavailability of nutrients especially potassium in the soils. Organic acids are low-molecular weight CHO
containing compounds which are found in all organisms and which are characterized by the possession of one or
more carboxyl groups. Depending on the dissociation properties and number of these carboxylic groups, organic
acids can carry varying negative charge, thereby allowing the complexation of metal cations in solution and the
displacement of anions from the soil matrix.The ability of an organic acid to release K from soils depends on
some factors such as: diffusion rate of the organic acid in soil, the diffusion capability of organic acid-element
complexes, the contact time of the organic acid on a mineral surface, the ionization of the organic acid, the
functional group of the organic acid and its position, and the chemical affinity between the organic acid and the
mineral elements. This study was conducted in order to evaluate the effect of organic acids and vermicompost on
transformation of K in some selected soils of Fars Province, southern Iran.

Materials and Methods: In this study, nine soils with enough diversity were selected from different parts of
Fars Province. The experiment was done as a completely randomized design with three replications, consisting
of three incubation times (5, 15 and 60 days) and four organic compounds (including 2% vermicompost, three
acids of citric, malic and oxalic acid eachat a concentration of 250 mmolkg*and one control). The samples were
incubated at 50% of saturation moisture at 22°C. Routine physicochemical analyses and clay mineralogy were
performed on soil samples. Soil reaction, texture, electrical conductivity, calcium carbonate, and gypsum were
identified. Soluble, exchangeable, non-exchangeable and mineral potassium were measured. The amounts of K
forms in each sample were determined. Total K was determined following digestion of soil (110°C) with 48 %
HF and 6 M HCI. Water soluble K was measured in the saturated extract. Exchangeable K was extracted with 20
ml 1.0 M NH4OAc (pH 7.0) for 5 min. Nitric acid-extractable K was measured by extraction of a soil sample
with boiling 1.0 M HNO3 for 1 h. Potassium was measured on all filtrated extracts by flame photometer. The
content of clay minerals was determined semi-quantitatively, using peak areas on the diffractograms of ethylene
glycol solvated specimens. Statistical analysis was accomplished using the SPSS 16.0 software and the
comparison of mean values was done using the Duncan test at the 5% level of significance.

Results and Discussion: The amount of different forms of K including water soluble, exchangeable, HNO3-
extractable, and mineral K are relatively high in the studied soils. Mineralogical analysis indicated that smectite,
illite, palygorskite and chlorite were the major minerals in the clay fractions. The results also showed that
exchangeable, non-exchangeable and total potassium were in the range of 166 to 378, 282 to 1694, and 2312 to
8437 mg/kg, respectively.Organic acids and vermicompostwere led toa significant increase in soluble K at all
times compared to control and vermicompost treatment exhibited greater effect. These treatments also
significantly increased exchangeable potassium compared to control. Significant differences between
exchangeable potassium of organic acids and vermicompost treatments were not observed at 5 and 15 days, but
significant differences were observed between treatments of mallic and oxalic acids at 60 days. Compared to the
control, the non exchancheable K showed significant increase in all three organic acid treatments and
vermicompost at 15 and 60 days.

Conclusion: Based on the results, while exchangeable and non-exchangeable (NEK) potassium showed a
clear trend in treatments, solution potassium was first increased and then showed a decreasing trend due to the
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rapid changes in liquid phase compared to the solid phase. All treatments significantly increased soluble
potassium in each 3 times. The greatest potassium increase associated with vermicompost. In general, oxalic
acid> malic acid>vermicompost> citric acid, were increased exchangeable potassium, while the trend for NEK
was in the order of oxalic acid> malic acid> citric acid>vermicompost, respectively. All treatments at all times
(except for treatment 5 days of NEK), showed a significant increase in the exchange and NEK potassium
compared to the control. The results also reflect the effect of the dominant soil clay mineral on transformation of
exchangeable and NEK, so that the highest and lowest rate of increase was related to the soils with dominant
palygorskite and illite, respectively. In general, it seems that the use of organic acids and organic matter leads to
a rapid increase of potassium, which must be properly managed in the soils with high leaching. Due to the
complexity of soil environment in terms of soil physical, chemical and biological aspects and the role of these
factors on potassium transformation, repeating of this experiment in other soils is recommended.

Keywords: Clay minerals, Exchangeable potassium, Fars province, Non-exchangeable potassium



