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Table 1. Name / pedigree and number of rows per spike of used barley lines in the experiment

o lous ySolas (GYgo) cdale '-.)'VJL‘; S ool S e &
No Extractant Concentration (M)  Ratio Soil-to-solution ~ Extraction time Reference
! posigel il 1 1:10 15 min Rowell, 1994
NH,OAc
) PURWORGH oW | 1:20 10 min Csatho, 1998
NaOAc
3 ST 1 1:10 15 min Martin and Sparks, 1983
NaCl
4 Sslee ol 0.025 1:10 5 min -
H,S04
5 NSV 0.1 1:10 30 min Simard and Zizka, 1994
BaCl2
6 B ol 0.01 1:10 60 min Houba et al, 1990
CaClz
7 S 0.1 1:10 16h Mac Lean, 1961
HNO;
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(Sharifi and Calbasi, 2001) owldS" 5 oo 5 .abl oo
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Table 2. Some chemical and physical properties of studied soils

S oo S sla N e O | PP C Y NIEON = S cd
Soil No Soil Series pH CCE (%) EC (dS.m™) OM (%) CEC (cmol™ kg™ Soil texture
1 Kharakeh 2 ¥ 45 > 7 24.3 0.75 0.63 28.3 Clay v,
2 Kharakeh 3 ¥ a5 ,> 7.1 13 0.75 0.74 28.2 Clay o,
3 Kharakeh 7 Y a5 > 7.1 13.6 0.68 0.93 26.5 Sandy clay &b o,
4 Kharakeh 11 V) a5 > 7.6 10 0.44 227 28.7 Clay loam o, o9l
5 Kharakeh 14 V¥ 45 > 7.3 12.8 0.56 0.89 28.3 Clay o,
6 Kharakeh 15 10 a5 > 7.5 12.5 0.7 224 279 Clay _ow,
7 Nahal Jly 7.6 15.5 1.04 1.43 222 Clay loam _ow, pol
8 Kamal abad sb] JLeS 7.8 315 0.56 0.69 28 Clay v,
9 Bagher Abad oL 3L 7.8 27.5 1.32 0.98 28.6 Clay o,
10 Cheno g 7.8 20 0.88 1.48 27 Clay o,
11 Serin Jyaneh 4l oy o 7.7 20 0.6 0.63 27.8 Clay o,
12 Babariz 3, ,LL 7.8 17 0.4 0.86 25.8 Clay o,
13 Tobreh 1iz 3 0 g5 7.7 15.8 0.71 224 34.2 Clay o,
14 Gerizeh2 Y o3, 7.4 24.9 0.66 0.34 24.4 Clay loam v, pg)
15 Gerizeh o3 5 7.8 20.9 1.56 1.16 24.8 Clay loam o pol
16 Kany Ganji o8 S 7.7 259 1.26 1.8 25.6 Clay _ow,
17 Avangan K, 7.8 34 0.72 0.75 23.1 Clay loam o pol
18 Kazem Abad oLl LIS 7.7 324 0.68 0.71 27.7 Clay loam ., a9l
19 Ghamloo gl.3 7.2 222 0.66 0.6 25.8 Clay o,
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Table 3. Analysis of variance (the studied trait: K" uptake)

Source of variation Oy ol sl e Sl i ey OeSes o

Sum of squares  Mean square F value

Soil type (S) SB gy 801752.4 44541.8 17.4 ™

Potassium (P) ly 670864.3 670864.3 262

SxP interaction Jlize 1 175759.1 9764.4 3.8
Error oileyl sllas 76 194671.6 2561.5

. Significant at 0.1% probability level.

&,5 ;L (Shokrivahed et al., 2007) ,Kon 5 axlg
o,ls

Lasgi ool gl Pl iy odal Cawdy =l 4 axe
Ghls Yoo <[+ V0 S jsilam sl b o ,uSo lac don
B 5 s el Fas cas (S
Cewd qlie 2ol 4 3 (Zarrabi and Jalali, 2008)
S, Sojlac a5 wisle lis sg5 kg 0 g aidly
Yoe Y0 S ysalgw duwl b osolatnl 5,90 calisee
5 b omimes il (Khaor (n S sllo
aS 8,5 5,138 (Sharifi and Calbasi, 2001)  owlLS
Gl clo oo L o glial prally o
D)l S5y (gl gme ikl wops Sy e o
bl e 58 (Hoseinpur, 2004) 4y
FE poly et ke 4 it slopSelas
zll el e Olaer S o s colan]
Glakal, Koo b Gt gl pSojlas vy oal
sloaidl 4 axgi b ggomme 10 . 200,5 cdslive o Jxe
ety polie lol g 7 g 0 ladgu 5l Jol>
5o oslwl 9590 1T jlas (Sl euls sl
13,5 e (S 095 4w 4 (g o0 ) 203 00

eV el S el el slo e Solas (ol
Yo o[+ V0 o sdlm sl 5 Yoo

S ot Sl ol s L sl 5o lae oy
SYee /) S5 s vl 5 Y0

S e IS s el (598 s (sl S0 lac (pgms
Yo o paigal Sliwl 5 Vee o) o)l 2 ,lS ) Vse

TV izl mhaw o s soe e

0,5 &S ols ylii (Hoseinpur, 2004) gy
el i g cdale o Shee Gl el ol 058
SolS eoSlee gl wir ol sad e
Cglite Glise LS 3 ey s 4 cilise
b & LS 5o mely 5 iz g cdile (S oy
ol @Bl ol B8l el Brae b cov gyl Se
peolly Brae 4 LS zul )0 Dlds ) oo e
S Hog prie 4 Glen 1) Al gl o
5 e i S olerd Gla Ty 5 pely Gl
b S gl ceti cdb g oy S e
.(Khodshenas and Maftoon 2007)

g 4 (&l Pl iy polie (K

b 5o lac
sl pSolac by oad ghivul el G abal,
S8 2yl 00 oole [ Siwen 3l colaiwl b alizes
oy @ end gl el ke oS
3wl ool @l O Jeam ol sla S lac
Gl oS oty Fred s 5 # sz
ol # gz 5l Jols mli ool sud ail)l el
Se gl 3 xSoslas lagts, dee a5 was e
i Ao 005 L I3 i Al 51l o
DA Yee N b Wl L pgsel ol
el (Ssad oy i sl ( P<O.01 o=
» Baiy LUls & olge 1y e99e ol o
i S slosdglS 59, 2 K o b oo o380
g wldog> gy 5l Jol> loadl b mls cpl ol
&% g (Khodshenas and Maftoon, 2007)  ygiae
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Table 4. Effects of potassium fertilizer on plant parameters

s o] 5o el il

pmliy dr . = s oske
S ol K" uptake (mg/pot) f;fté‘ ol K concentr(z;/t:)o n in shoots Dry matter (g/pot) oS fuly PRI cdale 213l
Soil No. Additional uptake Plant response  Relative yield Copcentration
el s ((mg/pot) aals o oals S (g/pot) (%) increase
Control Treatment Control Treatment Control Treatment

1 304.0 379.0 754" 2.2 2.4 14.0 16.0 207 87.5 0.20"
2 307.0 352.0 46.0™ 2.0 22 15.2 16.1 1.0™ 94.0 0.16™
3 253.1 421.3 168.3" 1.7 23 14.6 18.3 3.7" 80.0 0.57"
4 301.3 485.5 179.0” 2.0 2.6 14.7 19.0 43" 77.3 0.47
5 309.0 425.0 111.6" 2.1 2.4 14.9 17.9 3.0" 83.3 027
6 282.0 4394 161.7" 1.6 2.2 17.5 21.3 3.7" 82.5 0.48"
7 282.1 312.7 47.0™ 1.8 2.13 14.5 14.6 0.1 99.3 031"
8 214.5 379.4 168.6" 1.6 22 13.2 17.5 4.3™ 75.4 0.57"
9 399.0 425.0 25.0™ 2.6 2.7 15.0 15.3 0.3™ 98.0 0.11™
10 451.5 751.2 302.0” 2.1 2.7 21.5 27.3 577" 79.0 0.67"
11 227.6 322.7 942" 1.7 22 12.9 14.6 1.7 88.4 0.44
12 115.7 375.5 257.8" 1.5 2.8 7.9 13.5 5.6 58.5 1.37
13 210.7 424.6 214.5" 2 3 10.7 14.3 3.7 74.0 0.99"
14 115.2 319.5 206.5" 1.6 2.1 7.2 15.0 7.8" 50.0 0.56"
15 300.2 365.3 654" 2.6 2.8 11.6 13.2 1.7" 87.4 017"
16 325.5 465.6 136.5™ 2.1 22 15.5 21.0 55" 73.8 0.10™
17 312.0 403.6 90.4™ 2.4 2.6 13.0 15.3 2.3 85.0 0.23™
18 268.5 549.3 279.4" 1.9 2.6 14.1 21.3 72" 66.2 0.67"
19 290.0 449.0 159.0" 1.8 22 16.1 20.4 43" 79.0

0.40"

ns

, and *": Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 5. Amount of soil-extractable K~ (mg kg'l) extracted by different methods

oot 5o lac o lads
Sk No. of extractant
Soil No. 1 2 3 4 5 6 7
1 257.0 199.0 246.0 54.0 258.0 44.0 145.0
2 262.0 104.0 167.0 27.0 216.0 7.0 87.0
3 182.0 151.0 186.0 56.0 200.0 20.0 165.0
4 187.0 192.0 210.0 60.0 227.0 27.0 202.0
5 212.0 110.0 158.0 29.0 207.0 7.0 85.0
6 225.0 130.0 184.0 30.0 221.0 12.0 92.0
7 190.0 128.0 173.0 37.0 210.0 23.0 89.0
8 157.0 86.0 130.0 19.0 136.0 1.0 65.0
9 325.0 226.0 273.0 54.0 271.0 48.0 160.0
10 433.0 242.0 321.0 7.0 315.0 59.0 189.0
11 160.0 115.0 155.0 247.0 136.0 7.0 71.0
12 68.0 40.0 76.0 11.0 33.0 0.0 36.0
13 260.0 147.0 189.0 30.0 205.0 15.0 100.0
14 118.0 97.0 120.0 20.0 89.0 7.0 61.0
15 255.0 212.0 243.0 56.0 222.0 53.0 163.0
16 309.0 203.0 233.0 42.0 247.0 30.0 124.0
17 285.0 245.0 310.0 69.0 296.0 65.0 192.0
18 346.0 285.0 380.0 86.0 400.0 89.0 225.0
19 280.0 226.0 296.0 53.0 305.0 53.0 176.0
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Table 6. Coefficient of correlation between different extractants
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H,S0, (0.025 M) CaCl, (0.01M) BaCl, (0.1) HNO; (0.1M) NaCl (1IM) NaOAc (IM) Extractant
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Table 7. Coefficient of correlation between K extracted by different extractant and plant indices

Plant parameters L3 sl yl,ly

. . . . _ ] 55 o,lac
ey Sale Sl i ool d> oLS b o 08kes S5 asle ettactant
K" concentration ~ Additional uptake K uptake Plant response  Relative yield ~ Dry matter
0.61" 0.05" 0.84" -0.36™ 0.32" 0.70" Moo ) psisel Sl
NH,OAc (1M)
0.65" -0.004™ 0.69" 0.008" 0.21™ 0.50° Mo ) e Sl
NaOAc (1M)
0.56° 0.09™ 0.67" 0.05™ 0.24™ 0.53° Mo ) s 28
NaCl (1M)
0.57" 0.1 0.64" 0.05™ 0.33™ 0.48" Ngo o1V Sy dl
HNO; (0.1M)
0.53" 0.005™ 074 -0.43™ 0.18" 0.65" Mso oIV el a)l5
BaCl, (0.1M)
0.56" 0.09™ 0.55" 0.08™ 0.18™ 035™ Mo o]0} medS kS
CaCl, (0.01M)
0.45™ -0.2" 0.25™ -0.09™ 0.12 008n  Vse t[TTO Suilyn o
H,S0, (0.025M)

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.

WA RPY N PCER T P N PO NP POROP S S PV &

AdA

s 3/ M N gl ) (LA



ey 5y enliid LB sl sl sl il (gla S Lo b)) an 5 \1ai

References

Amiri, R. and Mohammadfalah, V. 1996. Evaluation of fixation potential and different forms of
potassium in paddy fields of the east Guilan. 5™ Congress of Soil Science. College of Agriculture,
Karaj, Iran. (In Persian).

Armesto, B. R. and Sotres, F.G. 1993. Estimation of soil solution K in Galicia. Agrochimica 37(1-
2): 172-178.

Brown, J. R., Bates, T. E. and Vitosh, M. L. 1987. Soil testing: sampling, correlation, calibration
and interpretation. Special Pub, 21. Soil Science Society of America. Madison, WI.

Corey, R. B. 1987. Soil test procedures: Correlation, 15-22. In J.R. Brown (ed.) Soil testing: sampling,
correlation, calibration, and interpretation. Special Publication No. 21. Soil Science Society of
America. Madison, WI.

Csatho, P. 1998. Correlations between two soil extractants and corn leaf potassium content from
Hungarian field trails. Communications in Soil Science and Plant Analysis 29 (11-14): 2149-
2160.

Gee, G. W. and Bauder, J. W. 1986. Particle-size analysis. 383-410. In A. Klute (ed.) Methods of
Soil Analysis, Part I, Physical and Mineralogical Methods. Soil Science Society of America.
Madison, WI.

Ghanavati, N., Malakouti, M. J. and Hoseinpur, A. R. 2009. Correlation of Q/I parameters with
some soil properties and Potassium uptake by wheat in some soils of Abyek region. Journal of
Science and Technology of Agriculture and Natural Resources, Water and Soil Science 13
(49): 167-178. (In Persian).

Herlihy, M. 1992. Field Evaluation of soil tests for K: quantity-intensity, EUF-K and other soil
properties. Communications in Soil Science and Plant Analysis 23: 2295-2312.

Hoseinpur, A. R. 2004. Evaluation of the Capability of Extractants in Determining Garlic Available K
for Certain Soils in Hamadan. Journal of Science and Technology of Agriculture and Natural
Resources, Water and Soil Science 8(2): 45-56. (In Persian).

Houba, V. G. J. Novozamsky, I., Lexmond, T. M. and van der Lee, J. J. 1990. Applicability of
0.01M CaCl2 as a single extraction solution for the assessment of the nutrient status of soils and
other diagnosis purposes. Communications in Soil Science and Plant Analysis 21: 2281-2290.

Jackson, M. L. 1973. Soil Chemical Analysis; Prentice Hall of India, Pvt Ltd: New Delhi, India.

Kavosi, M. and Kalbasi, M. 2000. Comparison of Soil Potassium Extracting Methods to Determine
Suitable Extractants for Sepeedrood Rice Variety in some Guilan Rice Paddy Fields. Journal of
Science and Technology of Agriculture and Natural Resources, Water and Soil Science 3 (4):
57-71. (In Persian).

Khodshenas, M.A. and Maftoon, M. 2007. Comparison of different chemical extractants to extract
potassium in calcareous wetland soils of Fars province. 11™ Congress of Soil Science, Faculty of
Agricultural and Natural Resources Gorgan, Iran. (In Persian).

Khorasani, R. and Tofighi, H. 1996. The study of Q/I relationship of paddy soils in the north of Iran.
5™ Congress of Soil Science. College of Agriculture, Karaj, Iran. (In Persian).

Knudsen, D., Peterson, G. A. and Pratt, P. F.1982. Lithium, sodium and potassium. 225-246. In: A.
L. Page (ed.) Methods of soil analysis, Part 2: Chemical and Microbiological Properties, 2™ ed.
American Society of Agronomy and Soil Science Society of America. Madison, WI.

Liu, L. and Bates, T. E. 1990. Evaluation of soil extractants for the prediction of plant available
potassium in Ontario Soils. Canadian Journal of Soil Science 70 (4): 607-615.

Maclean, A. J. 1961. Potassium-supplying power of some Canadian soils. Canadian Journal of Soil
Science 41 (2): 196-206.

Malakouti, M. J., Shahabi, A. A. and Bazargan, K. 2005. Potassium in Iranian Agriculture.
Ministry of Agriculture. (In Persian).

Martin, H. W. and Sparks, D. L. 1983. Kinetics of non-exchangeable potassium release form two
coastal plain soils. Soil Science Society of America Journal 47: 883-887.

McLean E, O. and Watson, M. E. 1985. Soil measurements of plant-available potassium .277-308.
In R. D. Munson (Ed) Potassium in Agriculture. American Society of Agronomy and Soil Science
Society of America. Madison, WI.

Nath, A. K. and Purkaystha, S. 1998. A Study on soil test and crop response in respect to potassium
in acid soils of Assam. Journal of the Indian Society of Soil Science 36: 120-124.



Y50 VWA Jages ojles [p ez Jlo [ lidios

Page, A. L. 1982. Methods of soil analysis. Part 2: Chemical and Microbiological Properties.
Agronomy Series No 9. 2™ ed. American Society of Agronomy and Soil Science Society of
America. Madison, WI.

Panda, M. and Panda, A. K. 1993. Evaluation of some potassium soil tests for rice in a Flurentic
Ustochrept. Journal of the Indian Society of Soil Science 41: 188-189.

Rowell, D. L. 1994. Soil science: Methods and applications. Essex, England: Longman Scientific and
Technical.

Sharifi, M. 1998. Selection of suitable extractant to extract available potassium for Corn in soils of
central region of Isfahan province. M. Sc. Thesis of soil science, Isfahan University of
Technology, Iran. (In Persian).

Sharifi, M. and Kalbasi, M. 2001. Selection of suitable extractant to extract available potassium for
Corn in soils of central region of Isfahan province. Journal of Science and Technology of
Agriculture and Natural Resources, Water and Soil Science 5 (1): 77-91. (In Persian).

Shokri vahed, H., Kavosi, M. and Mojjalali, H. 2007. Laboratory and field evaluation of different
extractants to determine available potassium for plant rice. Iranian Journal of Agricultural
Sciences 38 (2): 191-202. (In Persian).

Simard, R. R., and Zizka, J. 1994. Evaluation plant available potassium with strontium chlorid.
Communications in Soil Science and Plant Analysis 25: 1779-1789.

Sparks, D. L. and Huang, P. M. 1985. Physical chemistry of soil potassium. 201-276. In R. D.
Munson (ed.). potassium in Agriculture. American Society of Agronomy, Madison, WI.

Walkley, A. and Black, I. A. 1934. An examination of Degtjareff method for determining soil organic

matter and a proposed modification of the chromic acid titration method. Soil Science 37 (1): 29-38.

Zarrabi, M. and Jalali, M. 2008. Evaluation of extractants and quantity-intensity relationship for
estimation of available potassium in some calcareous soils of Western Iran. Communications in
Soil Science and Plant Analysis 39 (17-18): 2663-2677.



266 Cereal Research, Vol. 4, No. 3, 2014 (253-266)

Evaluating different extractants for determining corn available potassium in
some calcareous soils of Kurdistan province

Saman Fathi®, Abbas Samadi®’, Masoud Davari® and Safoora Asadi Kapourchal®

1 and 2. Former M. Sc. Student and Prof., respectively, Dept. of Soil Science, Urmia University, 3. Assist.
Prof., Dept. of Soil Science, Kurdistan University, 4. Assist. Prof., Dept. of Soil Science, Faculty of
Agricultural Sciences, University of Guilan

(Received: May 26, 2014- Accepted: November 10, 2014)

Abstract

Corn (Zea mays L.) plays an important influence in human food cycle and thus assessing factors
affecting its optimal yield is of great importance. Potassium status in soil is one of the most
influencing inputs affecting both quantity and quality of corn yield. Potassium is not only an important
nutrient for corn due to its large demand, but also plays significant roles on physiological and
biochemical activities. The objective of this study was to designate an appropriate extractant for
determining available K in 19 calcareous soils in Kordistan province. In order to evaluate the
relationship between extractable K with different extractants and potassium uptake by corn, an
experiment with corn was carried out in a completely randomized design with two levels of potassium
(0 and 300 mgkg' using potassium sulfate) each with three replicates. The concentrations of
potassium in plants were measured and K uptake, additional uptake, plant response, relative yield and
increasing concentrations were calculated. The results indicated that singnificant correlations are exist
between K uptake by corn and six extractants including 1M NH4OAc (r=0.84"", P<0.01), 0.1 M BaCl,
(r=0.74"", P<0.01), 1 M NaOAc (r=0.69"", P<0.01), 1 M NaCl (r=0.67", P<0.01), 0.1 M HNO;
(r=0.64"", P<0.01), and 0.01 M CaCl, (r=0.55", P< 0.05). However, considering cost effectiveness,
applicability aspects, extraction duration and its relationship with plant indices, the 1M NaOAc
extractant can provide the most useful prediction for K uptake by corn in calcareous soils of Kurdistan.
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