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Table 1- Extracting methods for potassium removal

No. Equilibration time (min) Soil-solution ratio Extractant References
ST o lows sl e 5 b S1E Comnd S0 las &m
1 15 1:10 1 mol/L NaCl 20,21
2 15 1:10 2 mol/L NaCl 20, 21
3 60 1:10 0.01 mol/L CaCl, 8
4 10 1:10 Morgan' 14
5 10 1:10 AB-DTPA 14
6 15 1:10 1 mol/L NH4,0AC 25
7 30 1:5 0.25 mol/L NH,O0AC 25
8 10 1:10 1 mol/L NaOAC 4
9 15 1:10 2 mol/L HCl 20,21
10 30 1:10 0.1 mol/L HNO; 32
11 15 1:40 Boiling 1 mol/L HNO; 16
12 5 1:10 0.025 mol/L H,SO, 9

'0.73M Sodium acetate, 0.02M Acetic acid and 0.0001M DTPA.
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Table 2- Physical and chemical properties of the studied soils

Sail no. pH CCE CEC
0 ylowd Location ool EC PR o.C SP Clay Silt Sand Textural class (cmol.kg,™)
S dikia (dsm™) e SO ECb, e o Bl oS ol
ESCENN S
%
1-1 Lar 7.73 4.62 63.7 1.09 329 22 38 40 Loam
1-2 7.73 9.53 52.5 0.50 29.7 22 32 46 Loam 8.8
2-1 Kazeroon 7.86 0.18 39.3 1.17 42.4 28 56 16 Silty caly loam 6.8
2-2 7.76 0.68 50 0.42 479 38 50 12 Silty clay loam 8.8
3-1 Mozafari 7.70 1.17 67.5 0.79 29 20 31 49 Loam 10.1
3-2 7.05 6.69 60.7 0.61 33.1 24 36 40 Loam 9.3
4-1 . 7.80 0.80 45 1.35 434 36 34 30 Clay loam 9.9
Malosjan
4-2 7.70 0.41 25.6 0.72 38.6 32 40 28 Clay loam 28.7
5-1 Dokohak 7.61 0.97 40.6 0.91 31.2 16 252 58.7 Sandy loam 16
5-2 7.53 1.09 36.6 0.98 27.8 18 17 64.7 Sandy loam 8.4
6-1 Kavar 7.70 0.87 58.5 0.42 29.7 22 272 50.7  Sandy clay loam 10.4
6-2 7.33 6.90 80 0.53 23.1 16 163 677 Sandy loam 7.4
7-1 Drimeh 7.86 1.07 31.5 2.06 46.7 27 43 30 Clay loam 5.7
7-2 7.58 0.77 24.6 1.20 39.2 22 50 28 Silty loam 37
8-1 Berke 7.50 3.26 49.5 1.87 55.1 30 40.7 293 Clay loam 26.2
8-2 7.50 0.56 53.1 0.79 522 36.7 323 31 Clay loam 23
9-1 Sadra 7.24 1.87 322 1.17 26.5 207 153 64 Sandy clay loam 13
9-2 7.72 0.77 33.6 0.05 254 24 26 50 Sandy clay loam 6.6
10-1 Kharameh 7.33 2.67 42.1 0.83 40.7 28 46 26 Clay loam 6.4
10-2 7.65 0.45 42.8 0.39 46.9 50 44 6 Silty loam 25.4
11-1 Pole Fasa 7.27 2.18 56.4 0.83 32.7 32 36 32 Clay loam 323
11-2 7.55 1.39 60.2 0.87 36.2 34 35 31 Clay loam 20.1
12-1 Evaz 7.50 3.18 51.2 1.31 37.8 20 28 52 Loam 5.9
12-2 7.41 5.19 57.5 1.05 40.9 26 34 40 Loam 6.4
13-1 Noorabad 7.44 0.74 56.2 1.09 30 30 30 40 Clay loam 8.2
13-2 7.47 0.52 75.5 0.68 29.1 30 26 44 Clay loam 6.7
Min 7.05 0.18 24.6 0.05 23.1 16 15.3 6 8.4
Max 7.86 9.53 80 2.06 55.1 50 56 67.7 5.7
Average 7.56 3.63 49.5 0.91 36.5 27.1 342 38 37
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Table 4- correlations between potassium extracted by different methodsin depth 0-30 cm

NaCl NaCl CaCl, H,SO, NaOAC NH4,OAC NH4OAC HNO3 HNO;
M M ooim  HCM 6 0omm ™M DTPA ~ Morgan 50y M 0.1M ™M
1 0.996" 09917  0.945" 09917 0.9377 0968 0996  0.979" 0.970"  0.9957  0.706" NaCl IM
1 0.987™ 09577  0.993™ 0933 0978  0.997"  0.988" 0.981™  0.989"™  0.733" NaCl 2M
1 0.909”  0.994™  0.926™ 0950 09877  0.957" 0.946™  0.989"  0.638" CaCl, 0.01M
1 0.934"  0.861™ 09777 09517  0.988" 0.991" 09197  0.868" HCI 2M
1 0.910™  0.966™ 0992  0.974” 0.965™ 0985  0.679"  H,S040.025M
1 0.872 09417  0.903" 0.886"  0.9517  0.647 NaOAC 1M
1 0.968"  0.993" 0.995"  0.945"  0.834" DTPA
1 0.983™ 0.974™ 0992  0.719" Morgan
- " - NH,0AC
1 0.999 0.961 0.819 0.25M
1 0.948"  0.839" NH,OAC 1M
1 0.663" HNO;0.1M
1 HNO; IM
Fo b Yo —TTe Bos )3 dlise (G955 0 (5 0,Las mawlly jlalle (my (Shuuod —0 Joa>
Table 5- correlations between potassium extracted by different methodsin depth 30-60 cm
NaCl N"I"C CaCl, HCl H,S0, NaOAC DTP Morg NH AC  NH, AC  HNO3 HNO3
M oM 0.01M M 0.025M M A an 0.25M iy 0.1M M
1 09'?] 0970" 0790 o587 0.600" 0(')?3 0980 gga" 0872 0977"  0.625° I‘fﬁl
1 0920 0878 (o3g” 0.655° 06?*6 0.989 033" 0934 0984  0.737" I\;\?
. " . 0.81  0.934 o - - CaCl,
1 0.641 0.970 0.620 3 n 0.746 0.754 0.940 0458 M
1 0.720" 0s16 02 086l 0.984™ 0979" 083" 0955  HC
7 2M
HzSO4
! 0.696" 01'§*7 0.961 0.813" 0813 0946”0555 0025
M
0.62 0.678 . . . NaOA
1 " 1 0.592 0.577 0.623 0425
1 0.958 0.991" 0.991" 0.940" 0.881" DTPA
1 0.923" 0.926" 0978  0.720™ M‘;rga
NH,O
1 0.998" 0.904" 0.923" AC
0.25M
NH,O
1 0.910" 0.916" AC
M
ok HNO3
1 0.702 01M
HNO;

IM
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Table 6- correlations between leaf K and extracted K by different methodsin both depths

Depth NaCl NaCl CaCl2 HCI H2S04 AB- Morgan NH40A NH40A HNO3  HNO3

(cm) 1M 2M 0.01M 2M 0.025M DTPA g C0.25M C 1M 0.1IM 1M
* * * * * * * *

0-30 0.6*90 0.731 0.634 0.6*93 0.634 0.7*17 0.730 0.718%* 0.705%* 0.632 0261

30-60 0.078 0.223 -0.032 0.318 0.041 0.242 0.150 0.281 0.258 0.114 0.226
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Introduction: Evaluation of the nutrient status in soil is important from the nutritional, environmental, and
economical aspects. Potassium is an essential element for plant growth and is a dynamic ion in the soil system.
Soil testing is a useful tool that can help to ensure the efficient use of applied plant nutrients. Soil tests measure
the quantity of a nutrient element that is extracted from a soil by a particular chemical extracting solution. The
measured quantity of extractable nutrient in soil is then used to predict the crop yield response to application of
the nutrient as fertilizer, manure, or other amendments. Over the years, many different soil testing procedures
and extracting solutions were evaluated in an effort to identify a method that provides the most reliable
prediction of crop yield response to nutrient application. It was determined that some soil testing procedures are
best suited for particular soil types and climatic regions, whereas other soil testing procedures are better suited
for different soil types and climates. Olive is a strategic and economic product in Iran. Fars province is the
second largest olive producer in Iran. There is no general information about K status in the soils and olive trees
of the Fars province as well as no introduced appropriate K extractants for theses soils. Therefore, the objectives
of this study were: i) evaluating potassium status of some soils of olive orchards of Fars province and ii)
introducing appropriate k extractants for extracting available K in these soils.

Materials and Methods: Fars province, with an area of 122000 km? is located in southern Iran. The
elevation varies from 500 m to 4400 m above mean sea level. Based on the information regarding olive orchards
of Fars province, 13 typical olive orchards were selected. 26 surface (0-30 cm) and subsurface (30-60 c¢cm) soil
samples were taken. Physiochemical properties of the soil samples were determined based on standard methods.
Soil reaction, texture, electrical conductivity, calcium carbonate, organic carbon, and cation exchange capacity
were identified. The 12 K extracting solutions were 1M NaCl, 2M NacCl, 0.01M CaCl,, Morgan, AB-DTPA, IM
NH,OAC, 0.25M NH,OAC, 1M NaOAC, 2M HCI, 0.1M HNO;, IM HNO;3, and 0.025M H,SO,. The K contents
of leaf samples were determined in 1g of each sample. The samples were dried and then ashed in 450°C for 4 h.
2M HCI was used to digest the samples. Potassium in all the filtrated extracts were then analyzed using flame
photometer.

Results and Discussion: The all soils were calcareous (average of 48.7 and 50.2% calcium carbonate
equivalent in surface and subsurface, respectively) with pH in range of 7.05-7.8. The textural classes were loam,
clay loam, and sandy loam. The results showed that the concentrations of K extracted varied widely with the
used method, because each extractant remove different portions of K. Among the 12 tested methods, boiling 1

mol/L HNOs3 extracted highest amount of K (mean 696.1 mg/kg and range of 203.3-1893 mg/kg) which
extracted soluble, exchangeable, and non-exchangeable potassium forms due to its high concentration of H" and
2mol/L HCI removed the lowest amount of K (mean 32.7 mg/kg and range of 2.6-148.5 mg/kg). Correlation
coefficients between K extracted by 12 extractants were determined. The correlation between potassium
extracted by all the chemical methods was positive and significant except for boiling 1M HNO;. Between all
tested extractants, 0.25M NH4OAC and 1M NH;OAC had the highest correlation (p<0.01, r= 0.999). The
relationship between soil potassium and potassium concentration in olive leaves were evaluated. Maximum
correlation between leaf K and extracted soil K were noticed in 2M NaCl, 0.25M NH,OAC, IM NaOAC, and
AB-DTPA (r=0.721, 0.718, 0.717, and 0.714, respectively) and the minimum correlation was noticed in 1M
HNO; (r=0.661).

Conclusion: The concentrations of K extracted varied widely with applied method, because of desorbing
different portions of K by each method, different concentrations of each extracting solution, and the different
times of equilibration. On average, the quantity of extracted K by 12 methods were in the following order:
boiling IM HNO3;> 1M NH,OAC> 0.25M NH,OAC> AB-DTPA> morgan> 0.1 HNOs> 0.025M H,SO4> 0.01M
CaCl> 1M NaCl> 1M NaOAC> 2M NaCl> 2M HCI. This study showed that 2M NaCl, 0.25M NH4OAC and
1M NaOAC would be suitable as soil testing methods for determining available K for olive in the soils of Fars
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province. These extractants were the best because of high correlation with plants potassium. In addition,
advantages of these extractants are low cost and simplicity. As a recommendation, using of K fertilizers in most
olive orchards of the province will improve quantity and quality of the yield.

Keywords: Available potassium, Chemical extractants, Nutrition management, Olive orchards



