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1. Physicochemical analysis

Among soil physicochemical properties, soil pH (H20), soil organic matter (SOM), and cation
exchange capacity (CEC) were analyzed with 1:5 ratio, Walkley-Black wet digestion method and 1 M
ammonium acetate (pH 7.0) extraction (Kjeldahl method), according to the Methods of Soil Chemical
Analysis suggested by the National Institute of Agricultural Science of Rural Development
Administration, Republic of Korea [1]. Soil pH (NaF), phosphorus retention capacity (Prc), and selective
extraction were analyzed following the Soil Survey Laboratory Method Manual [2]. Soil pH (H20, NaF)
was measured using a pH meter (Orion star A211, Thermo Scientific, USA); phosphorus of PRC was
measured using a UV/Vis spectrometer (Lambda 25, PerkinElmer, USA); and selective extraction (Al
Fe) were measured using an inductively coupled plasma optical emission spectrometer (JY138 Ultrace,
Jobin Yvon, France).



Table S1. Summary of physicochemical properties in the topsoil and subsoil samples collected from citrus orchard
and forestland sites in Jeju Island, South Korea

' pH SOM 2 CEC® Prc © Alo+1/2Feo
e H0 NaF (g/kg) (cmolc/kg) (%) (%)
Citrus orchard Topsoil Mean 5.02 9.31 96.3 6.55 69.4 3.18
SD 0.65 0.56 438 0.18 20.8 1.13
Max 6.68 10.2 185 6.95 95.4 4.85
Min 4.04 8.28 20.7 6.18 25.6 0.92
Subsoil Mean 4.84 9.75 83.3 6.55 80.9 3.75
SD 0.66 0.95 46.1 0.19 19.8 1.60
Max 6.54 11.2 197 6.85 99.3 7.36
Min 4.02 7.94 11.9 6.19 30.1 0.95
Forestland Topsoil Mean 4.73 10.2 182 6.53 95.0 3.96
SD 0.26 0.7 31.3 0.14 4.0 0.98
Max 5.08 11.2 219 6.85 98.6 5.50
Min 423 8.84 124 6.38 86.2 2.93
Subsoil Mean 4.83 10.9 154 6.61 99.4 5.46
SD 0.20 0.5 41.7 0.21 0.9 1.90
Max 5.14 11.5 204 6.97 100.0 8.90
Min 4.37 9.93 79.4 6.39 97.5 3.31

2 Soil organic matter, ® Cation exchange capacity, © Phosphorus retention capacity.



Table S2. Concentration of total phosphorus (TP) and heavy metals in the topsoil and subsoil collected from citrus orchard and forestland sites in Jeju Island, South Korea

Site TP (%) Pb (mg/kg) Zn (mg/kg) Cu (mg/kg) Cd (mg/kg) Cr (mg/kg) Ni (mg/kg) Al (%)
B C A B C A B C A B C A B C A B C A B C A B C
Citrus orchard soils
1 1.14 019 6.2 239 192 12 2693 1178 23 1459 508 29 13 08 16 1444 975 15 622 804 08 470 536 0.9
2 077 0.08 94 244 176 14 1449 1434 10 1168 418 28 10 08 13 1273 950 13 719 825 09 640 758 0.8
3 031 012 26 186 151 1.2 1457 1189 12 545 422 13 08 08 1.0 1290 1193 11 101.8 1059 1.0 648 6.75 1.0
4 024 005 47 202 142 14 1359 1160 12 849 548 15 09 09 10 1653 1554 11 1558 1588 1.0 7.00 6.62 1.1
5 055 022 25 200 124 1.6 1425 1411 1.0 1111 600 19 09 1.0 09 2449 1498 16 759 960 0.8 6.04 832 0.7
6 064 021 3.0 236 218 11 1825 1497 12 1069 548 20 12 1.0 12 1273 1185 11 853 1001 09 649 743 0.9
7 0.14 0.07 20 151 127 12 972 680 14 479 253 19 05 04 13 726 599 12 405 365 11 297 289 1.0
8 038 014 27 145 138 11 920 790 12 352 302 12 07 06 12 8.8 763 11 566 592 1.0 377 429 0.9
9 040 015 26 350 171 20 1926 1272 15 1737 82 20 13 1.0 13 1844 1223 15 716 810 09 592 6.81 0.9
10 136 097 14 370 276 13 2553 1769 14 2467 1096 23 1.1 0.8 14 2407 907 27 595 470 13 479 585 0.8
1 039 023 1.7 149 124 12 1471 1385 11 1114 619 18 09 08 11 1023 701 15 377 389 10 586 644 0.9
12 027 009 30 194 178 11 153.0 1104 14 950 458 21 07 09 08 1506 1024 15 870 797 11 585 6.08 1.0
13 083 028 29 169 165 1.0 1137 982 12 838 536 16 09 06 15 921 650 14 574 543 11 626 496 1.3
14 031 024 13 226 167 14 2129 1369 16 1686 829 20 1.1 09 1.2 1121 1030 11 723 839 09 6.05 448 14
15 034 010 33 267 193 14 1896 1145 17 1738 721 24 10 1.0 1.0 2370 1149 21 718 69.0 1.0 540 556 1.0
16 050 0.18 2.8 236 157 15 1842 976 19 675 496 14 12 08 15 1414 1034 14 794 905 09 491 623 0.8
17 076 034 22 224 172 13 2505 1357 18 1305 755 17 12 0.7 1.7 1474 1069 14 1201 1062 11 570 535 1.1
18 021 014 15 125 121 1.0 1470 1357 11 383 229 17 08 09 09 374 358 10 231 236 1.0 341 373 09
19 033 018 18 202 134 15 1636 1280 13 486 337 14 07 07 10 501 449 11 322 313 1.0 370 342 11
20 096 040 24 214 139 15 1922 1066 18 764 405 19 1.0 09 11 1472 1413 10 715 785 09 385 473 0.8
21 024 019 13 155 164 09 1196 1172 1.0 521 446 12 07 08 09 1094 1068 10 655 707 09 4.08 4.08 1.0
22 044 045 1.0 237 197 12 1933 1819 11 640 602 11 11 10 11 1306 1282 1.0 970 101.6 1.0 558 504 1.1
23 037 018 21 163 98 1.7 1447 1143 13 1099 624 18 09 06 15 739 707 10 591 552 11 458 529 0.9
24 025 008 31 180 170 11 1144 881 13 525 389 13 07 07 10 911 8.8 10 825 766 11 4.62 485 1.0
25 022 011 20 292 170 1.7 1126 930 12 508 360 14 09 05 18 1021 789 13 503 528 1.0 436 517 0.8
26 039 019 20 146 79 18 1366 976 14 603 488 12 1.0 06 17 892 711 13 532 449 12 496 589 0.8
27 123 068 1.8 356 143 25 1910 1591 12 1087 635 1.7 17 10 17 1612 948 1.7 588 526 11 3.64 419 0.9
28 033 035 1.0 140 49 29 1447 8.0 16 731 572 13 09 09 10 795 580 14 550 435 13 415 684 0.6
29 024 009 26 183 141 13 1037 937 11 408 335 12 08 07 11 8.0 87 11 705 742 1.0 552 572 1.0



30 021 009 24 218 178 12 1299 927 14 487 275 18 08 06 13 800 705 11 532 409 13 553 570 1.0

31 165 127 13 398 312 13 1920 1594 12 1064 879 12 15 11 14 1711 1499 11 1054 975 11 6.15 6.68 0.9

32 029 021 14 172 162 11 1735 974 1.8 1088 60.1 18 08 06 13 8.9 90 10 695 701 1.0 596 530 1.1

33 056 021 27 227 241 09 1105 980 11 716 418 17 07 04 18 1031 851 12 669 664 1.0 498 546 0.9

34 018 013 14 272 332 08 1287 931 14 440 363 12 05 06 08 668 704 09 547 579 09 615 448 14

35 045 023 20 157 147 11 1537 1188 13 588 437 13 06 05 12 81 879 09 585 742 08 416 507 0.8

Mean 051 025 25 218 167 14 1589 1181 14 905 524 17 09 08 12 1216 944 13 695 709 1.0 514 550 0.9

SsD 037 025 16 69 57 04 441 272 03 478 194 04 03 02 03 510 293 03 252 270 01 1.04 120 0.2

Max 1.65 127 9.4 398 332 12 2693 1819 15 2467 1096 23 1.7 11 15 2449 1554 1.6 1558 1588 1.0 7.00 832 0.8

Min 014 0.05 1.0 125 49 26 920 680 14 352 229 15 05 04 13 374 358 1.0 231 236 1.0 297 289 1.0
Forestland soils

1 0.08 006 13 279 206 14 1029 9.8 11 251 246 10 10 06 1.7 483 552 09 299 347 09 524 6.09 0.9

2 0.10 013 08 284 221 13 1052 1025 10 264 237 11 10 09 11 334 337 1.0 212 222 1.0 564 625 0.9

3 0.15 011 13 399 201 20 1097 978 11 426 381 11 12 09 13 850 1273 0.7 499 616 0.8 458 527 0.9

4 0.10 0.06 1.8 252 253 1.0 980 1056 09 205 236 09 08 06 13 406 435 09 204 228 09 370 536 0.7

5 006 006 1.0 221 169 13 88 992 09 310 373 08 07 07 10 916 1086 08 520 832 0.6 549 7.02 0.8

6 0.13 009 14 388 162 24 1001 876 11 328 300 11 10 08 13 646 705 09 340 437 08 413 518 0.8

7 0.15 009 16 175 122 14 970 932 10 340 307 11 10 10 10 779 85 09 353 367 10 562 485 1.2

8 012 011 11 452 199 23 998 996 10 234 231 10 12 07 17 351 317 11 178 181 1.0 371 635 0.6

9 007 007 10 383 123 31 705 667 11 251 9.7 03 08 07 11 848 89 09 237 408 06 568 715 0.8

10 008 009 08 139 132 11 680 740 09 315 383 08 08 07 11 85 8.9 10 394 543 07 526 592 09

Mean 0.10 0.09 1.2 297 179 17 941 922 10 292 360 09 10 08 13 645 730 09 324 418 08 490 594 0.8

SD 003 003 03 104 45 07 141 126 0.1 6.5 202 03 02 01 03 230 320 01 121 201 01 081 078 0.2

Max 0.15 0.13 1.8 452 253 1.8 1097 1056 1.0 426 907 05 12 10 12 916 1273 0.7 520 832 06 568 715 0.8

Min 006 0.06 08 139 122 11 680 667 10 205 231 09 07 06 12 334 317 11 178 181 1.0 370 4.85 0.8

A: Topsoil, B: Subsoil, C: Topsoil/Subsoil ratio (bold).



Table S3. Principal component analysis (PCA) results of phosphorus and heavy
metals in the topsoil collected from citrus orchard sites in Jeju Island, South Korea

Component PC1 pPC2
Cd 0.848 0.119
TP 0.841 -0.045
Zn 0.833 0.091
Pb 0.793 0.164
Cu 0.787 0.226
Cr 0.695 0.465
Al 0.065 0.891
Ni 0.153 0.866
Total variance (%) 53.3 18.5
Cumulative variance (%) 53.3 71.8

Extraction method: Principal component analysis
Rotation method: Varimax with Kaiser Normalization
(PCl-principal component 1, PC2—principal component 2)
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