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Introduction

Potassium is one of the macronutrients essential for plant growth and plays significant physiological and
biochemical roles in plant yield. There are four forms of potassium in the soil, listed in order of their availability
for plant uptake: soluble potassium, exchangeable potassium, non-exchangeable potassium, and structural
potassium. Determining the concentration of available potassium using an efficient extractant that is applicable
to different soil types is essential for soil and crop management, such as fertilizer recommendations. One of the
most common extractants for available potassium is 1N ammonium acetate (NH4OAc). This extractant is widely
used in many soil science studies and fertilizer recommendations due to its ability to extract exchangeable
potassium and a portion of non-exchangeable potassium However, this method may not have sufficient accuracy
to measure the potassium readily available for plant uptake. In soils with high amounts of potassium-containing
minerals, due to the presence of specific adsorption sites, a large portion of potassium is held strongly at these
sites and can be partially extracted during NH4OAc extraction. This issue could be one reason for the weak
correlation between NHsOAc-extracted potassium and plant response to potassium fertilizer in such soils. The
critical level of available potassium is the threshold below which plant growth is limited. Since the amount of
potassium extracted depends on the concentration of the extractant, evaluating the effect of different NHsOAc
concentrations on the determining the critical level is important. The objective of this study was to assess the
impact of various NH4sOAc concentrations on the extraction of available potassium and to determine the critical
potassium level in the calcareous soils of Shahrekord Plain.

Material and Methods

In order to evaluate different concentrations of NH4OAc of the calcareous soils of the Shahrekord plain, 30
agricultural soil samples were collected from a depth of 0-30 cm. Four different concentrations of NH4sOAc
including 1, 0.5, 0.25, and 0.1 molar were evaluated for extracting available potassium. The greenhouse
experiment was carried out as a factorial experiment in a completely randomized design with two factors (soil type
and potash fertilizer rate) and three replications. The potash fertilizer (potassium sulfate) was applied at two levels
of potassium: 0 and 100 mg K kg~ 1. At the end of the vegetative period, corn plants were harvested, and plant
indices including dry matter weight, potassium concentration, potassium uptake, relative yield, and plant response
were determined. To assess the significance of treatment effects in terms of plant indicators, factorial analysis of
variance was performed. Then, the correlation between plant indices and potassium extracted using different
concentrations of NH4OAc was calculated, and based on the results, the most suitable concentration for extracting
available potassium by NHsOAc was determined. The potassium critical level was determined using the Cate-
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Nelson graphical method for NHsOAc extractants with concentrations of 1, 0.5, 0.25, and 0.1 molar.

Results and Discussion

The results showed the range of available potassium extracted using NH1sOAc extractants at concentrations of
1, 0.5, 0.25, and 0.1 molar was 157-581, 155-598, 160-596, and 168-590 mg kg~ 1, respectively. Furthermore,
the results showed that the differences among the mean values of potassium extracted at different concentrations
of ammonium acetate were not statistically significant. The results of the analysis of variance showed that the main
effects of soil type and potassium fertilizer were significant (p<0.01) for dry matter weight, potassium
concentration and uptake. However, the interaction between soil and fertilizer was not significant for dry matter
weight. Based on the strong correlation between potassium extracted by NHsOAc at concentrations of 1, 0.5, 0.25,
and 0.1 molar and the relative yield and plant response indices, these concentrations can be considered suitable for
use in these soils. By using the Cate-Nelson graphical method, the potassium critical level with concentrations of
1, 0.5, 0.25, and 0.1 molar was 250, 250, 255, and 250 mg kg™ respectively.

Conclusion

The results showed that reducing the concentration of ammonium acetate does not affect the efficiency of this
extractant. The results showed that the amounts of available potassium extracted with NH4sOAc at different
concentrations were close to each other, with less than one percent difference. Commonly, NHsOAc 1 M is used
for extracting available potassium; however, our results show that lower concentrations of NH4OAc (0.5, 0.25,
and 0.1 M) can be effectively used as a substitute to the 1 M solution. Therefore, it is recommended to use 0.1
molar ammonium acetate for the extraction of available potassium. This substitution could result in a considerable
reduction in chemical consumption.
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m-)
1 7.8 0.35 CL 274 240 486 0.90 385 21.2
2 7.8 0.32 CL 274 290 436 0.78 40.5 17.1
3 8.0 0.32 CL 254 260 486 0.65 235 213
4 8.0 0.32 S.C.L 234 260 506 0.40 34.0 15.3
5 7.9 0.33 CL 374 180 446 0.45 35.0 25.0
6 8.1 0.32 S.L 194 160 646 0.32 46.0 15.0
7 7.9 0.31 SL 174 160 66.6 0.23 335 20.0
8 7.8 0.37 SL 174 200 626 0.82 43.0 18.0
9 8.0 0.31 C 414 280 306 0.51 38.0 23.7
10 8.0 0.35 CL 234 380 386 1.30 33.0 19.1
11 8.0 0.35 C 434 340 226 0.97 29.0 21.0
12 8.0 0.35 CL 354 380 26.6 1.28 26.5 20.3
13 8.1 0.31 CL 274 300 426 0.59 44.5 17.0
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30 8.1 0.32 C 414 320 266 0.68 30.0 214
OeSiles 0.8 0.33 33.0 280 390 0.83 344 20.0
Mean
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e 2oy ) et s 53 35 SB g sl it il g o sine
s glaclale o doya oS sad o Gl o cpl 0g b
ol e J1a3 51 eS8 Lol 3105 3939 IS Cglds pausgel il
Clale i 4 oyl SiSly o 55,0 Solds 108, b ekl Sl
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dges 515 pSkS S dee YTV SSLe b SO VY
wolly Hlde lyuss atels (Shokri Vahed, 2018) usly (oS
b posgel liwl pSojlac b1y o)lils oS > oolizul 6
5o 5 )5 3903 SIS p 5SS 25 o YAC LD 5¥-0
S ookl BB s jlade il s dels (Ahrari etal., 2017)
e ly Joyp /Y0 5V slackile )3 pasgel liwl 1 So,lac |
YYY/Y xSbo L AYV/A B OV/Y 9 YY) (pSlo L AYYV/A B AY/E
3905 ()15 oSS 2 p)S ke
eliy Jlde p SB 5 pSojlas g9 Sl uibly @i s

Bliseo SLCAE U panigel bl 380 kas 13 (0,59kS w0 0,5 o) S o3liw! BB pawliy p5lie -F Joua
Table 2- Available potassium concentrations in soil (mg kg?) extracted using NH4OAc at different concentrations

S 5l Jboy ) powigel Gliwl  Jloyi +/0 pgwigel Cliw!  Jloyi +/V0 ponigel Gliwl  Jloyi +/Y pawigel Colins!
Soil number NH:OAc 1 N NH2OAc 05 N NH2OAc 0.25 N NH:OAc 0.1 N
1 301 302 304 308
2 352 350 323 341
3 206 208 209 216
4 272 274 276 280
5 195 205 207 190
6 310 299 297 303
7 242 237 230 262
8 168 160 155 157
9 285 282 281 288
10 338 334 330 330
11 311 308 290 290
12 295 291 290 283
13 187 184 177 171
14 230 229 228 227
15 377 377 379 382
16 332 334 329 334
17 456 459 474 a7
18 324 324 318 309
19 390 393 405 400
20 324 324 327 308
21 590 596 598 581
22 218 224 226 220
23 184 189 190 202
24 283 311 314 320
25 258 270 269 283
26 250 245 248 238
27 251 249 251 247
28 403 359 358 356
29 308 306 303 300
30 343 341 340 305

Mean ,.Silo 299.432 298.80° 297,532 296.73°

eslloss (5550ke (ym SIS 295 Sl it B9 >
Similar letters indicate no significant difference among the treatment means.
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Table 3- Analysis of variance for the effect of ammonium acetate concentration and soil type on the amount of extracted

potassium
il pd palio NSRS o0l 1 p50in] iy jlalle Olag po il
Source of variation df Mean square of extracted potassium content
Concentration effect clale i 3 135"
Soil sk 29 92744%
Concentration effect x Soil S1 x cble 3l 87 246*
Error s 240 1

o>V Glaebl maw )3 b dxe ¥ g b xe s S

™S: non significant and **: Significant at the 1% level of probability

by glade 9 S1& £o3 g lond )d iy D g CAAE 9 ©)5 SUWiS odlo (il ylg 4o gl - Jooa
Table 4- Analysis of varianceresults for maize dry matter, potassium concentration, and potassium uptake as affected by soil
type and potassium application rate treatments

Ol o e Mean of Square

O pds 2alio Gl an,d S odle 3 Sles by il by i
Source of variation df Dry matter Potassium Potassium
concentration uptake
S g4 Soil type 29 26.17 ™ 1.45™ 0.074™
el lude Potassium content 1 38.34™ 4455 0.878 ™
el luie x S5 g4 Soil typex Potassium content 29 2,841 0.535 ™ 0.013 ™
s Error 120 3.84m 0.08 ™ 0.007 1
Ol co o Coefficient of Variation 26.4 18.7 35.0

Mgize pf 1™ g a3 ) Jlain] s 45 Iy xe
**: Significant at the 1% level of probability and ™: non significant

©ax90] Ciliw! Bliseo (GLCIIE 15 2uwd (6 S0 ks puwliy pdlio Cp (Siwnsod =0 Jgua
Table 5- Coefficient of correlations between potassium extracted by NH4OAc at different concentrations

Extractant xfa)l.\a.c Ve «/Yo ro%.:’ai Olw! Y0 +/0 ,oyy,oi Olwl Y90 ) fog-y’oi Ol
NH4OAc 0.25 N NH4OAc 0.5 N NH4OAc 1N
NH40AC 0.1N Yoo /) pgsigel bl 0.99" 0.99" 0.99"
NHsOAC 0.25N ,Yss /Y0 pssigel cli 0.99™ 0.99"
NHsOAC 0.5N ,¥se +/d psigel lis 0.99"

2o ) Jlain] pdaw )3 Iy gxe
**: Significant at the 1% level of probability

> & Vlais] 8 355 o yomio Sid odle yiuljil 4 Log)) i o o3l (L5 ¥ s 55 LS Lialejl il ls o5 b
Laylpd )3 rslty 4 ol gy Sl b (SB S5 slacydgiome 2 Gran el gaw Sl g SB gy Sl 45 0b (LS @l ol
«Khodshenas et al., 2021) ,Ken 5 wlidsgs .ol islojl 2o )d S Jlin] prdans )3 sty s 5 cdale (S o3le 5 Shas
2o b g 338 5 S jiSany b & Kge )15 Ol el by Bpae oS C8S (g onlpli 29 )3 dne
rliy JS ol g Sid 03le 3 Sloe 1 g )15 sire 0l prliy clale obS )3 rliy i g Clale I3l s g 03,5 )3 ol A
sl 3 pl 3 ool mawly o5 a3 o (LS @S 358 )l ixe 2 el Span Glie 5 SB gy Jlite 1 omimen sl ol
dgutp 4 Logd &S )l g D9 o aslil alS clacdl p Baas by Cla g cdale bl b prepe @y St odle 5 )Shos
23,5 e S odle 5,Slos by Glo 5 clale dax ST as e o i Zls pl gyl sxe

ol bl S oy (] Bpae (e 9 SB- g5 Jolbss gaoms 5
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Table 6- Effects of potassium fertilizer on plant parameters

S o lowd

, LS &l (o 380 el JS s ey Cdale e odlo 5 Slos
Nusralkl)er Plant response Relative yield Potassium uptake Potassium concentration Dry Matter
(g pot%) A (mg pot*) A (g pot?)
s iy gl
Potassium application levels (mg kg)
100 0 100 0 100 0

1 -0.92 109.20 460.99°  438.94° 4.61° 4.02° 10.0% 10.922
2 2.27 83.57 620.04°  314.60% 4.49° 2728 13.81° 11547
3 0.98 88.62 343.81°  204.66% 4.0° 2.68° 8.60° 7.628
4 -0.67 107.50 501.56*  439.19% 5.58° 4.55% 8.982 9.652
5 3.38 70.21 565.09°  308.15% 4.98° 3.878 11.33° 7.952
6 0.51 95.23 41958 254222 3.940 2,518 10.64¢  10.13®
7 2.07 77.22 403.282  260.89% 4.43° 3.712 9.10° 7.032
8 1.94 85.38 606.80*  479.73? 4.562 4228 13.30°  11.352
9 3.66 125.77 947.29° 553,182 5.30° 3.892 1420  17.86°
10 0.67 94.80 594.14>  441.062 4.61° 3.618 12.872  12.202
11 0.11 98.88 496.84°  338.772 4.91° 3.382 10.112 10.0?
12 -0.24 102.54 399.97¢  340.65% 4.25b 3.532 9.422 9.662
13 0.47 94.48 446.01°  258.712 5.23° 3.218 8.532 8.062
14 0.06 99.59 646.45*  593.722 4.45° 4.10° 14512 14.45°
15 -1.33 117.75 315.40°  296.642 4,220 3.378 7.472 8.792
16 2.22 85.88 808.54°  507.46% 5.13° 3.75° 1575 13,522
17 0.20 102.07 422.57*  392.23% 4.28° 4.06° 9.662 9.862
18 2.49 84.0 832.06 602.122 5.35° 4.61° 1555  13.06%
19 0.38 94.92 300.19*  178.172 4.05° 2.532 7.428 7.042
20 0.55 92.74 361.87¢  299.412 4.74° 4232 7.632 7.082
21 0.08 99.37 528.38%  503.422 4422 4.242 11952  11.882
22 0.82 91.25 553.86°  263.93? 5.94° 3.10% 9.322 8.512
23 1.51 86.48 545.822  423.10° 4.892 4.38% 11.16° 9.65?
24 1.08 91.03 616.73°  508.99° 5.11° 4.632 12.082 11.02
25 2.20 83.42 638.15°  466.272 4,820 4.22° 13.24> 11,052
26 2.66 78.98 671.45° 411,672 5.31P 4,128 12.65° 9.992
27 2.22 81.84 522.92 278,792 4.27° 2,788 1223  10.012
28 -1.27 114.93 392.41*  390.272 4.60° 3.982 8.532 9.802
29 0.62 94.97 528.64°  391.66% 4.27° 3.33 12.362  11.742
30 -0.93 109.60 487.89°  486.22° 5.06° 4.60° 9.642 10.572
‘ICI'Z’:; 0.93 94.74 532.62°  387.56° 4,730 3.732 11.06°  10.40°

ol 33y 50 50 bjlos (1Sl (e BB 390 ) Silo ailiie gy
Similar letters indicate that there is no significant difference among the treatment means within each row.
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dy ;Y50 S pougal liwl 15s,Luac (Barooni et al., 2017)
B Bn el I8 el gl Cie cuwlie pSo)las
sl S il danl s g 4 5kSaS kil cla SL
Gl slaclale 4o a8 58 5155 (Shokri Vahed, 2018)
clale g Gls g (/Y 5 +/YO /0 ) posgal il pSo)lac
o3l | ol Cpl a8 313 39 g (oYL (Sisads g0y 0LS )0 puw s
2 ol | BB s by 25l sl ke a3 ls lgiea ]y o 5]
&S o ol SB

o> el odlis ] B mps by oo 15 O B Y gla IS
2 OplimCaS Grgal (hg) 1) ©) (g 3o a3 e
Amd o Lt calizee slaclale b posgel Gl 156 ,lac

—CS Sppal by & e ty Sl s 4SO i s
Vg0 ) g o/ /YD oV posigal il pSo)lac ;> e
o ) 29 p)SekS oS e YO+ 5 YA YOO YD fud iy
pogel Sl | pSojlac clale ) ciglas dgng b a5 dmd o yLtis
Ll (g JB Oglis g 039 ol Lo by Sl 2>
mawlis S0 ds (Shokri Vahed, 2018) sy (6,8 .l
SLSE ) Ge—dimcaS G rs—al by 4 edlaiwl LB
Vg o0 I¥0 oy cdale b pgsgel wliw ] pWSojlac b o)l
OO PSS 2 S e We g WA NR 0D feus Sy ) Vge
Sokas 5l ookl alie Lyls b bSB 3 ¢olsliplys g0
el Blgs e Yae o/0 o /YD ofV clale b posgel bl
3 o By 5t |50 posigel i Y50 V ke (gl oo Lo
2L S

b 30 {Ahrari et al., 2017) o)Ken g (gl 3 1 2459
ool B ey oy o = 0.999) YU Jhy S apo
o 31 posigel Sl Vse +/Y0 5\ (elbcdal | ozl el
ol pols ol oaiSuul 45 L3ges 3155 do s K

S o3lo 3Slas iy By 5T 5 pglaiesy
2 ) s 4 a oslitl (S ygel ) ey s 5 cdale
ol Hlog L o &S wed o i ol sl sl 1)1 S Jgus
0 Jlin! maw 53 Si3 oolo Linli8l cely SB 505 VY o s
sobas LS iy o ) pewly cdale 5 Cdo bl s s anp
Gl 021 i3 gl ize

ool | L5 s by ]3| glys s Lo piS0 )l & Sl
b 95 00 gl | oo Wy o (S0 (o )32 Glise pp S
Hosseinpur & ) so__ib o 2LS glo sl 5L uSo,l_iac
ol gl il paewlis oy bl ywlul oyon s (Samavati, 2008
3,5 ol elaas i b posigel ol wl calisie (slacdale p
Sliw! pwSojlae a8 ol ol bt Cawl odd o2 HLis Y Jois
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sl Sl ilie ySo)las lsisd |, posisal bl Cilises
San 5 (525,53 S (gl i B el
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3 ) oolats| P8 mewly i (6l canlio pwSojlas lgie
OhlSer 5 (g3l 203y (Bpme plisn S il (Sl class

AL 1 s L b sanigel woliw! ilitio (CBIE 13 ouwd (6550 s puwliy pdlio (p (Simsod =V Jgi>
Table 7- Coefficient of correlations between potassium extracted by NHsOAc at different concentrations and plant indices

powigel Cliwl CBIE oamnd 3,50 oS by by JS > by Clile o3le 5 Slos
Concentrations of  Relative yield Plant response  Potassium uptake  Potassium concentration Sid
NH.OAc Dry matter
Voo o/ pasgal cilinl 0.52™ -0.48™ 0.27m 0.26™ 0.22m
NHsOAc 0.1 N
oo +/Y0 posgel cilil 0.59™ -0.54™ 0.30™ 0.28™ 0.26"™
NHsOAc 0.25 N
Voo /0 pasgal il 0.61™ -0.55™ 0.30"™ 0.28™ 0.25™
NH4OAc 0.5 N
Yoo \ pasigel il 0.67" -0.62™ 0.25" 0.23™ 0.22™
NH4sOACc1N

Mme p 1™ g 200V Jlain] paws 45 Iy xe ¥
**: Significant at the 1% level of probability and ™: non significant
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Figure 2- potassium extracted by NH,OAc 0.1 M (mg kg?)
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Figure 3- potassium extracted by NH,OAc 0.25 M (mg kg
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Figure 4- potassium extracted by NH,OAc 0. 5 M (mg kg™)
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