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Introduction

Zagros oak forest ecosystem is one of the largest forest ecosystems under destruction in Iran, which is of
great importance in terms of water and soil protection. Moisture stress in recent years has caused the
deterioration of these forests in a wide area. Iranian oak (Quercus brantii Lindlb.) is the main tree species
forming these forests. Potassium (K) is considered to be the most important nutrient cation in terms of its
quantity in plant tissue and its physiological and biochemical functions. Soil tests measure the quantity of a
nutrient element that is extracted from soil by a particular extracting solution. Over the years, many different soil
testing methods and extracting solutions were evaluated to identify a technique 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. There has been no research on the general status of K in
the soil of Zagros forests, related to oak trees. It is important to identify appropriate potassium (K) extractants for
assessing the available K in these soils. Therefore, this research was conducted to achieve these objectives in
several forest areas within the province.

Materials and Methods

Ten forest areas with dominant coverage of oak trees were selected in different parts of Kohgiluyeh and
Boyerahmad Province. The physiochemical properties of the soil samples were determined based on standard
methods. Soil pH, texture, electrical conductivity, calcium carbonate equivalent (CCE), organic carbon, and
cation exchange capacity (CEC) were identified. The content of K present in different forms was determined by
standard methods. Solution K was measured in the saturated extract. Exchangeable K was determined by
extraction of 5 g soil sample with 20 mL 1 M NH4OAc (pH 7) for 5 min. Nitric acid-extractable K was measured
by extraction of 2.5 g soil sample with 30 mL of boiling 1.0 M HNO; for 1 h. Non-exchangeable K was
calculated as the difference between HNOs-extractable K and NH4sOAc-extracteable K. Total K was determined
following digestion of 0.5 g soil sample with 10 mL of 48% HF and 1 mL of aqua regia. The 12 extracting
solutions were 1M NaCl, 2M NacCl, 0.01M CaCl,, Morgan, AB-DTPA, 1M NH4OAC, 0.25M NH,OAC, 1M
MgOAC, 1M NaOAC, 2M HCI, 0.1M HNOs;, and 0.025M H;SO.. The K content of leaf samples was
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 was measured on all filtrated extracts using a Corning 405 flame photometer.

Results and Discussion
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The soils are all calcareous (average of 42.9 and 44.7% CCE in surface and subsurface, respectively), with
pH in the range of 7.0-7.8. The textural classes were sandy clay loam, clay loam, and clay. The range of soluble
potassium is between 4.8 to 32.7 with an average of 15.4 mgkg™, exchangeable potassium from 65.1 to 364
(with an average of 247 mgkg™, non-exchangeable potassium from 106 to 876 with an average of 515 mg kg,
structural potassium was from 761 to 7322 with an average of 4026 mgkg™and total potassium was from 1051 to
8110 with an average of 4493. Soluble, exchangeable, non-exchangeable, and structural potassium were 0.49,
9.6, 12.1, and 77.8%, of the total K, respectively. Among the 12 tested methods, 1.0 mol L* NH4OAC extracted
the highest amount of K (mean 229.3 mg kg, ranging 64.9-384.2 mg kg™) and 1.0 mol L** MgOAC removed
the lowest amount of K (mean 53.0 mg kg*, ranged 19.1-88.0 mg kg™). Correlation coefficients between K
extracted by 12 extractants were positive and significant. The highest correlation between leaf K and soil-
extracted K was observed with AB-DTPA, 0.25 M NH4sOAC, 1M NaCl, and Morgan-Wolfe extractants (r =
0.60, 0.59, 0.56, and 0.55, respectively). The lowest correlation was found with 2 M HCI and 0.025 M H,SO4 (r
= 0.41 and 0.44, respectively). The potassium content in oak leaves, ranging from 0.65% to 1.18%, showed a
significant correlation with exchangeable soil potassium. In 50% of the oak leaf samples, potassium levels were
below the critical threshold of 1%. Overall, 1 M NaCl and 0.25 M NHiOAC are recommended as potassium
extractants due to their higher correlation with leaf K, simplicity of use, and cost-effectiveness

Conclusion

The results of this research showed that the range of the values of different forms of K in different parts of
the province had a relatively large difference (6- and 8-times difference in exchangeable and non-exchangeable
K values). The available forms of K in the western regions of the province, which receive less rainfall, were
generally higher than in the more humid eastern regions. In 60% of the studied areas, the average exchangeable
K was below the critical threshold of 250 25 414 5 JS& S, 40 W aal 5 of soil. Similarly, the average leaf K content
in 50% of the samples was below the critical level. Given the importance of K in the nutrition of oak trees and its
role in helping them cope with environmental stress, particularly soil moisture deficiency, it is recommended to
closely monitor K levels in the soils of the province's forested areas. Additionally, fertilization and foliar
spraying of trees in certain forest areas should be considered.
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Table 1- General data of the studied locations
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Table 3- Physical and chemical properties of the studied soils

WS - ol M cud b Culaa
P R I - s . {;b
A Sand Silt Clay el o o Joleo s o S
Soil no. Textural . _ OC CCE CEC EC
% class? P % % cmolwkg? dSm?
11 492 240 267 SCL 757 2094 57.2 35.9 0.52
1-2 492 280 227 L 762 183 60.5 22.4 0.52
2-1 233 240 527 c 738 217 56.0 485 071
2-2 226 250 524 c 742 026 455 52.2 0.62
31 256 300 444 c 700 6.22 41.1 48.9 1.38
3-2 217 216 447 c 724 571 42.0 50.0 0.84
4-1 293 260 447 c 729 7.07 18.0 53.3 1.29
4-2 306 200 494 c 716 294 221 57.6 0.84
5-1 442 280 278  CL 711 520 435 435 0.74
5-2 394 274 332 CL 741 115 49.1 39.1 0.52
6-1 246 320 434 c 723 6.3 395 51.1 1.06
6-2 237 320 443  CL 731 3.49 436 48.9 0.60
7-1 246 364 390  CL 736 537 39.3 45.7 0.65
7-2 253 350 397  CL 739 324 45.4 424 0.56
8-1 273 300 427 c 711 6.8 424 424 1.10
8-2 193 300 507 c 716 285 49.7 45.7 0.82
9-1 212 384 404 c 757 226 411 35.9 0.62
9-2 256 280 46.4 c 758  1.06 48.8 37.0 0.44
10-1 471 260 269 SCL 757 443 51.2 315 122
10-2 453 330 217 L 780  2.64 55.0 28.3 0.61
AVerage 317 295 388 - 732 480 42.9 436 0.93
0-30 cm
Average a8 286 405 - 741 252 44.7 42.3 0.64
30-60 cm
oSike
Total 313 200 397 - 736 3.66 438 43.0 0.78
Average

Al oo yia Bl YomFe g o=Ve Gos  bgye cip 4 Y 9 ) o)l b oS!
1Soils numbered 1 and 2, correspond to the depth of 0-30 and 30-60 cm, respectively.
2SCL=Sandy clay loam, CL=Clay loam, L=Loam, C=Clay
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Table 4- Different forms of potassium and their relative distribution in the studied soils

rally (5SS by (5L S
S o,lowd Potassium forms (mgkg) Potassium forms (%)
Soil No. Jolowe PHN AL RPWS Sles b g5 Jelowo REN (P e ol lw
Solution Exch. Non-Exch. Structural Total Solution Exch. Non-Exch. Structural
1-1 21.0 230 290 761 1051 2.00 21.9 27.6 48.4
1-2 9.62 108 177 1688 1865 0.52 5.79 9.50 84.2
2-1 22.9 300 324 2686 3010 2.27 29.6 321 35.9
2-2 4.80 244 601 3312 3913 0.16 8.37 20.6 70.8
3-1 20.6 258 536 4522 5058 0.41 5.10 105 83.9
3-2 20.6 255 599 5635 6234 0.33 4.08 9.61 85.9
4-1 24.4 360 876 6109 6985 0.35 5.15 125 81.9
4-2 8.92 301 788 7322 8110 0.11 3.71 9.72 86.4
5-1 16.6 253 347 3516 3863 0.43 6.54 8.99 84.0
5-2 10.0 114 224 3617 3841 0.26 2.96 5.83 90.9
6-1 129 364 790 5192 5982 0.22 6.09 13.2 80.4
6-2 17.0 299 667 3956 4623 0.37 6.47 144 78.7
7-1 145 279 570 4822 5392 0.27 5.18 105 83.9
7-2 5.40 163 466 4941 5407 0.10 3.02 8.61 88.2
8-1 32.7 351 657 4646 5303 0.62 6.63 12.3 80.3
8-2 12.6 245 406 4704 5110 0.25 4.79 7.94 87.0
9-1 11.4 165 409 4609 5018 0.23 3.28 8.16 88.3
9-2 4,90 148 377 6032 6409 0.07 2.30 5.88 91.7
10-1 30.7 115 126 1276 1402 0.40 1.02 14.1 84.4
10-2 5.80 65.1 106 1190 1296 0.47 5.95 7.08 86.5
Average 0-30cm 20.9 281.2 594.5 3813 4306 0.72 9.06 15.0 75.2
Average 30-60cm 9.8 2135 434.6 4240 4681 0.26 4.74 9.62 85.4
ol 15.4 247.3 515 4026 4493 0.49 9.60 12.1 77.8
Average

bl oo yio Bl YemFr g o=Fe Gos 4 by cuipar Vg ) ojlad b lasSs?
1Soils numbered 1 and 2, correspond to the depth of 0-30 and 30-60 cm, respectively.
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Table 5- The amount of potassium extracted by the extractants in the studied soils (mgkg™) and the amount of potassium in

oak leaves
S
- = S 5 = 3 3 3 = 2 s £ .~
48 4- 45 45 47 1z %= s 3s %g 15 3 « g€
L5 2¢ 219 Do g Fo TN S %S gs ¥S BT B [}
w &t 3o %o 3% %o 3o 30 J 30 5 392 LS 0 w%
bﬁﬁj fo© 3 o 3§O 3{f ’é‘g ’Eg s Q T "9) ,ZNHL # v <
Soil No
11 1137 750 2460 2514 1225 628 1210 567 1729 1541 1675 2095 .
12 492 320 1202 1175 470 296 53.4 275 666 604 630 1079
2-1 1158 880 3185 325 1319 855 1505 697 2122 1786 1861 2701
2-2 483 315 1766 2486 438 274 38.4 438 493 548 665 1538
3-1 1058 572 2602 2782 853 582 84.4 500 1127 1102 1292 2304 o
3-2 1026 520 2782 2752 773 4738 75.7 549 977 1019 1203 2089
41 1025 664 3882 3842 996 5338 815 845 1159 1230 1605 3178 o
42 627 441 3036 3006 683 416 50.4 576 798 858 1074 2533
5-1 1011 603 2871 269.1 983  65.1 99.2 438 1469 1291 1477 2176 oo
5-2 398 209 1197 1237 308 254 320 209 403 488 499 1041
6-1 1205 726 3811 3771 1147 753 1057 702 1588 1535 1969 3179 .
6-2 941 563 3130 3160 930  60.0 82.7 497 1111 1201 1433 2586
7-1 1038 553 2037 2937 860  55.1 93.0 423 1345 1266 1500 2313 oo
7-2 382 279 1648 16838 439 321 431 247 542 596 737 1363
8-1 1238 734 3772 3842 1182 788 1259 497 1691 1665 1926 3139 .o
8-2 9.7 451 2602 2572 760 507 722 322 9.1 950 1036 2095
9-1 627.7 300 1701 1761 497 321 46.0 244 607 633 737 1414 o
9-2 559 238 1553 1523 387 268 36.1 206 444 503 586 1238
10-1 582 373 125 1155 460 313 618 417 813 725 706 1058 .o
10-2 428 191 57.9 64.9 225 173 325 215 392 407 367 567
'E‘V;(;i%e 916 568 2482 2593 86.6  54.4 88.1 493 1241 1161 1341 2141 -
Average
30- 573 396 1794 1849 492 326 46.9 321 617 652 748 14656 -
60cm
0l
819 530 213 2293 747 479 743 448 1022 998 115 1984 092
Average
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Figure 2- Correlation between oak leaf potassium and different forms of soil potassium (Average of two depths)
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Table 6- Correlation of different forms of potassium with some soil characteristics (Average of two depths)
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PH s © ke Clay St Sand o SO Ty G0E  doe
- oC Struc. K Exch. K  Solut. K
EC CCE K Exch. K
Jofome ety -0.44* 0.36 0.10 0.04 0.03 0.01 0.14 0.32 0.03 0.03 0.01 1
Solut. K
P by -0.39 0.34 0.29 -0.58™  0.44* 0.03 -0.31 0.56™ 0.83" 0.83** 1
Exch. K
Pl el -0.43 0.32 0.28 -0.79**  0.46* 0.01 -0.38 0.59™ 0.98™ 1
Non Exch. K
ot by -0.34 0.25 0.14 -0.76**  0.48* 0.01 -0.41 0.99™ 1
Struc. K
el -0.36 0.29 0.10 -0.74**  0.50* 0.01 -0.48* 1
Total K

Ll oo I sime Moyd V9 O Jloin] pdaws p3 i 54y 5 ®

* dk

Najafi Ghiri et al., ) il o Sleslo 5 Jolome Iols
SIS i (Sidly ey (MSix glopgans (2011
bl Qb lads s ool s ol 482 4 LS
Slasllas )3 980 (pels LacS 5 8Y 5 (LS bl 4325
o> loj ojl Sy bl Sy gLl Sl i polie (55Ludl]]

Iy o5lawalil oy g by puaie oS 3l L ol S duaw o
9 ).O_w.‘) : ¢J)§95 ¢WJS" cp.’)_a.uo )_wL.C l_’ dwwl.mo )9 (..\w).) ﬁ\)

,statistically significant at 1 and 5% probability levels, respectively.
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Table 7- Correlation coefficients between average potassium of two depths extracted by extractants and leaf potassium

S 2 — o = ; ; €
N c < O = (@) @ @ s o
S < @ p = _ o - 3
§ = & SE T 2% G©s &8s = g &s <& &s 8s % 3«
v X g =2 s FS IS 9 = Y 7 sT 5§
i e 2 = s 3 g = I o = 2 2 "%
IS} S w
1 063" 060" 051* 051* 044 041 044 051" 056" 046 059" 050° 045  Kleaf
1 097% 086% 078 069%* 081** 067° 081~ 082" 074~ 098" 0777 079" Exch.K
1 092%% 085% 077% 084* 075° 087" 087" 078" 099" 084" 085" DTPA
1 098** 094** 080** 093" 096" 098" 073" 091" 097" 094 '\\A/\%?f?
1 098 075 098" 098" 098" 068" 084" 099" o094~ 01 K'/INO3
1 071%* 099" 096 096” 0627 075° 0977 090~ O"'ggg\jl
1 068" 072° 079” 076" 082° 070" 073" 2MHCI
. - . . - . cacl2
1 099" 096" 061" 073" 0977 o090 2
1 097" 067" 086" 098" 093" NaCl2M
1 067° 086~ 098" 094” NaCl1M
. - ~ NH,
1 077 oee”  o0es” N
- «~ NH4 Acet.
1 o083 ogst N
- Mg Acet.
1 094 "
1 Na Acet.
M
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