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The perennial edible wild plants such as Aster glehnii, Solidago virgaurea subsp. gigantean, Allium ochotense,
Athyrium acutipinnulum, Aruncus dioicus var. kamtschaticus and Codonopsis lanceolata have cultivated as
the main income crops introduced into the fields about 30 years ago in Ulleung island. Soil samples were
collected from 190 fields and assessed the effects of management practices on soil chemical properties at wild
edible plant fields under no-till system. The strong acidic soils of pH 5.4 orless were detected in 45% of the
soil samples. The level of soil organic matter was being held at mean 63£28 g kg'l, 2.7 times higher than
upland soils in Korea. Available phosphate and exchangeable potassium showed more than recommended
levels of upland crops as 680+489 mg kg'1 and 1.94+1.7 cmol, kg'l, respectively. The fields of Solidago and
Aster showing strong soil acidity and high level of available phosphate and water soluble NO;* were
distinguished from other crops in analysis of variance and principal component analysis of soil chemicals.
These results suggested that high frequency of acidic soil and high levels of available P,Os, exchangeable K,O
and water soluble NO;™ were accompanied with the use of urea and NPK-fertilizer based on nitrogen in the
field. However, further research is needed to understand the appropriate management of fertilization and the
prevention of soil acidification for wild edible plants.

Key wonds: Edible wild plant, Aster glehnii, Codonopsis lanceolata, Athyrium acutipinnulum, Solidago
virgaurea subsp. gigantean, Aruncus dioicus var. kamtschaticus, Allium ochotense, Soil chemicals

Comparison of the soil chemical properties from edible wild plants fields in Ulleung island.

Solidago
. . . Aruncus .
Aster Codonopsis Athyrium virgaurea . Allium
. . . dioicus var.
Variable glehnii lanceolata  acutipinnulum subsp. kamtschati ochotense  F-value Pr > F
amtschaticus
(n=54) (n=32) (n=33) gigantean (n=23)
(n=21)
(n=27)
pHy (1:5) 534409, 5.7+0.7q 5.56+0.9:0c 5.14+0.9. 5.6240.9,  5.91+0.7, 3.19  0.0088
OM (g kg™ 59.5+27.2 67.6+27.2 69.2+33.2 55.5421.1 60.1£23.9  69.1433.8 129 0.2714
Av. P,Os (mg kg')  973+515, 4974412, 620+407c 7934881 4184281, 4444420, 9.03  <0.0001
K" (emol. kg 1.85+1.41 1.81£1.72 2.22+2.08 1.42+0.67 2.144£2.10  2.3242.06 1.05  0.3920
Ca®* (cmol. kg™) 9.1+6.4, 5.7+4.0, 6.543.9, 5.943.8; 6.4+4.2, 6.1+4.5, 3.00 0.0124
Mg (emol. kg™ 3.1+2.1, 2.142.1y 2117, 2.0+1.4 2.7+2.04 2.0+1.4, 2.68 0.0229
Na" (cmol. kg 0.21+0.11  0.27+0.23 0.28+0.31 0.22+0.11 0.27+0.16 0.26+0.18 090  0.4842
CEC (cmol. kg™ 21.5+6.6, 18.1+5.7, 20.1+4.4,, 19.244.7,, 18.6+4.8, 19.744.4,,  2.03  0.0765
EC (dS m™) 1.0£0.5y 0.6+0.4;, 0.9+0.7, 1.4+0.8, 0.7+0.6, 0.7+0.7, 537  0.0001
CI' (mg kg 21£17, 14+13, 17420, 40+41, 1621, 17+15, 529  0.0001
NO;™ (mg kg™ 303209, 179204, 2884358, 4614435, 2124263 2044345, 3.25  0.0078
SO (mg keg™) 73£87, 58+69;, 63£58, 120+£94, 70£137, S51£51, 227  0.0497
PO,” (mg kg™ 100£80, 42456y, 55462, 53+74, 28438, 434139, 4.06  0.0016

"Within each variable, means followed by the same letter are not differ significantly at p < 0.05 (DMRT).

*Corresponding author: Phone: +82533200269, Fax: +82533200295, E-mail: szo@korea.kr
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Materials and Methods

2T o 77t st e &5u|Y9F (Solidago
virgaurea subsp, gigantea) 2TAA, w=/W&ut (Aruncus
dioicus var, kamtschaticus) 21XA, 2SAHls (Allium
ochotense) 23X, A& A 0| (Aster glehnii) 5447, T
S (Codonopsis lanceolata) 32A17 18]l A3IAlE] (Athyrium
acutipinnulum) 33X Q] Woj|A 2013 8¢ =0 EQF
AmE Akt AEE 0-10 em Zlo]9] REE 343
ol A AF|sto] A|mE-Foll Hobr] ERtstlet. Alm= A3
3 &% 550l & He Aol A=A v 2 mm A
= 7‘;] A 3FEHY B0 AREsTh
& pHe} A7HEE (EO)+= &5 SRl 1152 YL
3087t A3t 3 ofa)ste] pH Z=3} EC A=+ (Orion Versa
Star, Thermo Scientific, USA)S. &2 ZA3}9 11, G-aolik
2 Lancaster H o2 FZ3}4] 760 nm (Optizen 32200V,
Mecasys Co., Korea)ol|A] 24519t} 2|34 oFole (K,
Ca”", Mg, Na")& 1 M NH,0Ac (pH 7.0)2 H&3}1 o3}
3 e YA B L A (AAnalyst 400, PerkinElmer,
USA 2 243519tt ERS7|EL YABXA7] (Vario MAX,
Elementar Analysen systeme GmbH, Germany)= =73t
2A)0) 17242 Bolol TR, FoleATE (02
1 M NH,OAc (pH 7.0)E o]-&3}o] 24319t} (NAAS, 2010D),
EQF 2ol (O, NOs, SO, PO, )L 284 20 mLo]
Sof Sl 50 ml 50 & 2 g& Yol EE Thg 1647
ol 150 rpmof|A] 1AIZF Mgstal YplEe)7| 2 &2 7kt
23l Fof] ASHE 0,45 m E R ofafsio] o] A 2utE
121 (Compact IC pro, Metrohm, Swiss)® =745},
EoFA 79 et A7 SAS version 9.1 0835
o 7]25A (MEAN), E4REA] (ANOVA) I} /85524 (PCA)
o7 A AL Eokalerd 542 WIIskeIT) (SAS,
2010).

Results and Discussion
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Table 1. Descriptive statistics for soil chemical variables measured at edible wild plants fields in Ulleung island.

Chemicals’ Mean SD Min Median Max CV (%) Skewness
pH, (1:5) 55 0.9 3.6 5.5 7.3 16 02
OM (g kg 63.2 282 15.4 593 193.3 45 1.1
Avail. P,0s (mg kg 680 489 45 561 2170 72 0.8
Exch. K' (cmol, kg™ 1.9 1.7 0.4 15 9.9 87 2.6
Exch. Ca™" (cmol. kg) 7.0 5.0 0.6 5.8 293 71 1.5
Exch. Mg" (cmol. kg 24 1.9 0.2 2.0 10.7 79 1.6
Exch. Na™ (cmol. kg") 0.24 0.19 0.04 0.20 1.60 80 3.6
CEC (cmol, kg™ 19.8 5.5 10.0 18.9 37.0 28 0.9
EC (dS m™) 0.9 0.6 0.2 0.7 3.7 72 1.9
CI' (mg kg 21 24 1.4 13 172 114 3.4
NO; (mg kg 280 309 22 179 1731 111 23
04 (mg kg 72 86 7.5 45 654 119 3.7
04 (mg kg™ 61 82 0 27 671 134 3.1

TOM, soil organic matter; CEC, Cation Exchangeable Capacity; EC, electrical conductivity.

Table 2. Pearson conrelation coefficients among soil chemical variables measured at edible wild plants fields in Ulleung island.

pH oM P,0s K' Cca™' Mg* Na'  CEC EC cr NO; SO
pH 1
OM  0.030 1
P05 -0.326%%*  0.044 1
K 0.255%*%  _0.142  -0.090 1
Ca®™  0.503%%*  -0.091  -0.022 0040 1
Mg 0.299%%*  0193** 0.082  -0.042  0.770%** |
Na' 0.266*** -0.093  -0243%%* 0,705*** 0.037  -0.009 1

CEC -0.117 0.098 0.104 -0.183*
EC -0.381***  0.118 0.357*%** 0.024 0.033
Cr -0.279***  -0.005 0.092 -0.002  -0.052
NOs™  -0.388***  0.138 0.284*** 0.025 0.034
SO -0.313*F*  0.001 0.154*  -0.094  -0.162*
PO, -0.154* 0.187**  0.766*** 0.018 0.149*

0.239%** ,273*** -0.143* 1

0.084 -0.037  0.059 1

0.015 0.036  -0.008 0.654*** 1
0.095 -0.028  0.042  0.948*** 0.612*** 1]
-0.125 -0.049  0.023 0.513*** (0.180*
0.207** -0.183* 0.113  0.321*** 0.015

0.305%** 1
0.286*** 0.054

* %% and *** indicate significance at the 0.05, 0.01 and < 0.001 levels, respectively.

o

i

7] Zre] weFo) gto A & 4= QlRo] 2.& & Sl
ko] J9F wiZoloh, WHolAlg== ¥4 pHE} CECOA] 2t
15,5%%} 27.6%% B4 WfoL), & HyE A 2fgt ot

T 45% oellal, = &84 ol (Cl, NOs,
SO, PO )L 100% 0140 & 9 1=9}t} (Table 1), 27
ko] At WolAlrm Bk S 59l =
4= =1 (Ayoubi et al,, 2011), Ho|Al47F a1 AFEE
oA Blojub= 7 B 22 Aujib el 5, Al
o] e 9 o] o] thekslr] wdl Zlew wek

Ak,

ESF pHE 3.6-7.3 ®lflolA Exsk3lom, B+t pHe
201315]9_] Z=+ FEF (Kong et al,, 2015)XC} 0.7 pH ©¢
7} 28 pH 5.55450]1t} (Table 1), EYA|F 2] 12%= pH
4.5 u|qte] wie- 7ot 4, 13%= 74 (pH 4.5-4.9),

j

)

e Ol

19%= FAHMd (pH 5.0-5.4), 21%= 2FAHd (pH 5.5-5.9)
Z12]3L 35%+= pH 6.0 o]/2] w9~ ofgk A o7 S| of
AMIEFE o] E3dTh EES| pHEF foleh A
& Mol (Table 2) X13H Ca™ 9 o] 8T} 2=
ogh 4m|2 Yol 7, Eoke] WA} T elpSol
(Bowman and Halvorson, 1998; Liebig and Doran, 1999;
Barak et al,, 1997; Guo et al., 2010) FZIR] EFQ] A4
S dovle ¥Ql 59 sh= AAskal Sl Ao
A e AMdEE YA pH7E WS &5 AR
HES] HEO] 2 o=m *PEEI‘”EP

LB S0 Hl 63 g kg '0]2=1| (Table 1), No et
al. (1979)0] A}, e, S 9 F 55 T2 Ak
g A7]o] BEREHE AR f7]E o (1.14-4,3%) Ko}
A F7FEA. ol Al SMsE Rtk WOt (Lee




Sang-Jo Park, Jun-Hong Park, Byung-Sung Kim, Yun-Hak Chung, Dong-Jun Lee, Oh-Heun Kwon, 371
So-Deuk Park, and Suk-Hee Lee

et al,, 1983; Song and Yoo, 1991), AEA|Y WES] 20
g kg ' (Korean Soil Information System, 2013)} Z=- wF
EQFo] 93 g kg (Kong et al,, 2015)X.C}= 2 78] o]AF W
2 FEo| Qi AR ] Al Ao S8k (NAAS, 2010a)
LI ESZ (25-30 g kg )9 F}QFHL} LR EoRAR
£ 4.6%00 BH3I0H, 60 g kg o] H71ES T
SHL Qe W 48%RA §71E o] w2 EPAIRSY &
g =outh AR REO| {7|E FRko] URHES
Zg2A s R 2 A2 2|3 AR = SHAE
Aol FFE o, A Aas A% Aisto] 2
5 | Yol AR el f71E0] 35

74802 Auli5te] Varvel and Wilhelm (2010)
o] BuAY 2ol o3t EoFo] mzto] Hy| fiEoR

FEQUARE 24 45 mg kg oA ) 2170 mg kg
AolA 2AME oM, Hak-e At (Kong et al., 2015)1Th
280 mg kg W2 680 mg kg 0] It (Table 1). A F|ZA}
olat, AHE Aieh= s tollAe QA E-3-3F NPK-
B RE QMRS F2 Fdthet, A4S 7E0R
MBS AR QRS AL BR R shs ofmrt Bl
Efol| FaatAY, Fadatal BEoF pHALO| 2] Aol A]
S 5= 450 (Table 2), B9 A3} 22 B9 5)al4]
Ql Yoz A7) 3EE QAHE FSE5] E85kA] o]
wf-Fo] (McLaughlin et al, 2011) E%Fo|A AEE= Qliks
Tt B8 oz BAEQ)

2)3H K'S 2|4 0,37 cmol. kg oAl o) 9.88 cmol.
kg H9olA ZAE o] HF 1.94 cmole kg T FEL B,
W2 Aol F3d8k= NAAS (20108)9] 7] (0.8 cmol.
kg )ET} 2,48 =} Ca’*S Hi 9 cmol. kg & NAAS
(20102) 2] Z34=2 (6.0 cmol. kg )R} 158 =9k, Mg™*
& 93 24419 cmol. kg ‘2 ZAE QT (Table 1), Barak
et al, (1997)] 9J3hH pH7} Solx|w x|$Hyg <fol9] g
o] Tradh= Aog duA glov, b AAREHEt
Azrajolare] 2|8 Ca”' T} Mg’ 9] 32 oL} B
pHi W 22 Bt ol Atk 7j4S $fsf #|xH
of Bl A3|7} EofolA| ol5Ado] Ae] glar F742 Al
2 AZAF o] (10 cm)7HA] 12| E7HE]|A] o B
Al S YR 7 )= BakE WF|SIA] Rato A wAer |4t
o= getEgict M=t WEF] AR 4 (Kong et
al., 2015)0 4] U2 X]|3HA oFol29o] =3} vlawsh, At
Aol A= K, ca” 12]ar Mg®'o] 247} 1,22, 0.8 12|t
0.5 cmol. kg 4 T &9k AdjHo® K'o| Z&go] W
Qkth K'} Na™ Afo]e} a3} Mg™* Apololls BAIZ o=
FolsHl =2 Aol 9litt (Table 2), NPK-E3H| RS
Aa7|Eo 2 AMg3l7| wjiEe] Pt Ko] AMgaF 24o] of
A FHPEE el 2E Flog BAEQ

B854 S0l FollA] NOy &] =7} 2804309 mg ke
2 953 ¥9kal (Table 1), NOs of tjal] FH&IAL, Cl,
1 PO e MER GOlFt AR LERHGITH
(Table 2). NOs , CI” 718|1l PO, 2 AME3H= H| =0 23]
A, SO & H|&E = e PAR Al 2siA JFS
Hh= Ao fE it Fol2-2 EF pHek= 29 A
o] AL (p < 0.05), ECL= <Fe] Aol Qltt (p <
0.0001) (Table 2). NOs = ¥E9F pH®} ECo|| tja] =2 &
ot Alo] 91910 (Table 2), AR 3] 7|54 (stepwise)
oA T} 22 LA ALt

pHizo (1:5) = 5.2 + (0,089 x Ca™* (cooll kg )] + [~0,00011 x NO;~ (mg ke )]
(* = 0,418, p < 0,0001)
EC (dS m ) = 0,34 + [0,0002 x NO;~ (mg kg )] (#* = 0,899, p< 0,0001)

ECE B+ 0.9 dS m 'o|QleH (Table 1), B A&
93% ANE WAEo] HH4E0 2.0dS m ' O]FR 2ALE
itk BC 2.0 dS m ' oAl BEA R 2509 17.9%,
e5ihs 4.2%, AH%FA0) 3.7%, HY 3.1%, HiAle
8.8%, te7ieut 5.0%0l AUHA] QFQkIL, BC 2.0 dS m o4
o2 S AR ECglol EA ol e dRA
2 Al AZehA @3dth AR ECe fragit fela
T84 ol A ¥l S UERIT (Table 2),

Az EQFSISHMO| Hlm  EYAEE EAIS|]
2 2o R 652 Al AAE EgstshdS
(ANOVA) S & v| w3t AIHE Table 39 YERHSITE pH,
FOE X3 ca”™, HEA Mg, O, NOy 18]1 EC=
sk AbAe] Frell whet {25t Apolg By o #
71%, K', Na' Z18]3 CECE= ZJo]7} gl Ao g Uehytt)
(Table 3).

Y7} 10]41Q] M5 log o HEO 2 FE3}5}0] AAJgH
FAEEA (PCA)ONA ILR-BAITF (eigenvalue)o] 1 o)A
(Shukla et al., 2006)°0]3 | Wo|o| 77 7%= AHsl=
FE % 5705 B3It (Table 4), 951 (PC1)-2 A
oo 28 3%% AWstH, EC, NOs 9F 2| A (>0.42)
<, pHeR= 29 AR (-0.40)0] A9ict Hel9] 18.6%=
Argshs 2482 (PC2):= Ca™, Mg™ 7t oFo] A (>0.52)
< 2tk AT Na'2 FAE3 (PC3)T <] A (0.55)
Hon wolo 13 4%5 st PO, 9 29 A
(-0.44)&, F71E3} CECR= 9] A (>0.42)0] =
A4 (PCA)= HA| Hol9] 9.7%5 A= 2 0= YE}
wot, AA Hol] 7.7%E Ayshe FAE 5 (PCH)E= 7]
E3 =2 At (0.80)% 2T (Table 4).

Biploting© & Aujita|e] 7 Efsiside ol
PC1¥} PC22 H|L5FS o) 50| 9H (Solidago)@t 444
FAo] (Asten= THE AHAje} HEEQ o (Fig, 1), ZF 5
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Table 3. Analysis of variance performed on the soil chemical propetties of edible wild plants field in Ulleung island.

Solidago Aruncus

Aster Codonopsis Athyrium ) o Allium
Variable glehnii lanceolata  acutipinnulum vzrga.urea subsp. - dioicus v'ar. ochotense  F-value Pr > F

(n=54) (=32) (1=33) gigantean kamtschaticus (n=23)

(n=27) (n=21)

pH, (1:5) 5.34ﬂ:0.9hct 5.7£0. 7 5.560.9apc 5.14+0.9. 5.62+0.9,, 5.91£0.7, 3.19 0.0088
OM (g kg') 59.54£272  67.6£27.2 69.2433.2 55.5+21.1 60.1£23.9  69.1+33.8 1.29 0.2714
Av. P,0s (mg kg') 9734515, 497+412, 620407 793488, 4184281, 4444420,  9.03 <0.0001
K" (cmol, kg") 1.85+1.41 1.81£1.72 2.2242.08 1.42+0.67 2.1442.10 2.3242.06 1.05 0.3920
Ca™ (cmole kg™) 9.1+6.4, 5.7+4.0; 6.5+3.9 5.9+3.8, 6.4+4.2 6.1+4.5,  3.00 0.0124
Mg (cmole kg')  3.142.1, 2.142.1, 2.1+1.7, 2.0+1.4, 2.742.04 20414,  2.68 0.0229
Na“ (cmol kg!)  021#0.11  027+023  0.28+0.31 0.22+0.11 027+0.16  0.26+0.18  0.90 0.4842
CEC (cmol. kg')  21.546.6, 18.1£5.7 20.1+4.44 19.24+4. 74 18.6+4.84 19.744.4  2.03 0.0765
EC (dS m) 1.0+0.5, 0.60.44, 0.9+0.7, 1.4£0.8, 0.7+0.6p 0.7+0.7, 5.37 0.0001
Cl' (mg kg') 21417, 1413, 17420 40441, 1621, 17415,  5.29 0.0001
NO; (mg kg 303+209, 1794204y, 288+358;, 461+435, 2124263y 204+345,  3.25 0.0078
04 (mg kg 73+87, 58+69, 63£58, 120+94, 70+137y 5151, 227 0.0497
PO,” (mg kg 100+£80, 42456, 55+62y 53+74 28438, 43+139,  4.06 0.0016

"Within each variable, means followed by the same letter are not differ significantly at p < 0.05 (DMRT).

Table 4. Coefficients for the first five principal components for the 13 soil chemical variables included in the principal components

analysis.
Variables PC1 PC2 PC3 PC4 PC5
pH, (1:5) -0.3964 0.1977 0.1137 0.1809 0.2560
logio Organic Matter 0.1199 -0.0904 -0.0318 0.4413 0.7956
Available P,0s 0.2660 0.2174 -0.3523 -0.3300 0.2768
logio K -0.0392 0.2465 0.4330 -0.3788 0.2347
logio Ca™* -0.2255 0.5216 -0.0472 0.2452 -0.0332
logio Mg™* -0.1800 0.5349 -0.1197 0.1682 -0.1304
logio Na' -0.1509 0.1500 0.5510 -0.1079 0.0081
Cation Exchangeable Capacity 0.0712 0.1187 -0.2667 0.4167 -0.2801
logio EC 0.4425 0.2480 0.1567 0.1226 0.0039
logio CI 0.3358 0.1944 0.2561 0.0603 -0.2020
logio NO5™ 0.4178 0.1940 0.1550 0.1461 0.0660
logio SO 0.3899 -0.0517 0.1248 0.1027 -0.1085
logio POs” 0.1000 0.3322 -0.3917 -0.4427 0.1273
429 scoreE AP FFEE ¥ WSS 'ﬂioﬂi AL ebHA =9F pHe Holme|al, §5o) PE Jo] &34 &
Z ol Aol Ht} (Table 5). A&7 olet 251 EY P ks S7/HRINE ?‘i A Qlont, Eoetst
3’ A pH7E 4.0015k2 "]l pH 5.0 °]ste] % ol e F= 2o AEAM, A 19 2B
AP O] A&7} Z¥2; 43%2) 33%= v 1A %71] -r;ﬁO}Ojl A Y 5o] B3l Q131 (Schroder et al,, 2011; Tarkalson
at =SF pHE 247} 5,339 512 W2 eolglon, #ael t al., 2006), °] AtolA UEhd Hm/dEe] 4= &
AR AR A ‘%EP”E} TS ﬁ%ﬁ ZYolihe: % o’& o] 4AYE & u, A= HE AU 5 EY
$H4J ca”, Mg”" 12|31 Qlibol R (PO, )0, &N F 2 Al ol Aolshy] wiizell AbEe] EqFeteld
2 WAbol e (NOy), bl (S0,7) 18]l f4ol (Cl) o] Apol7t U= Aoz ATHEIT
o] thE AHAEEL F-oJ8HA| =T Herr et al. (2007)

T} Vanderhoeven et al, (2006)0] W2 w]=tn|dF = 2}
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Fig. 1. Biplot of principal components analysis derived from soil chemical variables and edible wild plants. Aster, Aster glehnii
(n=54); Solidago, Solidago virgaurea subsp. gigantean (w=27); Athyrium, Athyrium acutipinnulum (v=33); Aruncus, Aruncus
dioicus var. kamtschaticus (n=21); Allium, Allium ochotense (n=23); Codonopsis, Codonopsis lanceolata (n=32).

Table 5. Effects of edible wild plants on the component scores.

Crop PC1 PC2 PC3 PC4 PC5

Aster glehnii (n=54) 0.4891,* 0.8119, -0.5221y -0.1464, -0.11564
Codonopsis lanceolata (n=32) -0.7776 -0.6752, 0.0915. -0.0224, 0.2886,
Athyrium acutipinnulum (n=33) -0.0652c -0.1803, 0.0148. 0.0767, 0.2175,
Solidago virgaurea subsp. gigantean (n=27) 1.4091, 0.06054, 0.2945, -0.0206, -0.4301,
Aruncus dioicus var. kamtschaticus (n=21) -0.7713. -0.2416, 0.3273, -0.0010, -0.0624,,
Allium ochotense (n=23) -0.9228, -0.5586, 0.4329, 0.2900, 0.11964,

*Within column, means followed by the same letter are not significantly different at p < 0.05 (Duncan’s Multiple Range Test).

Conclusions

A4 BA] W (Kim et al., 1997)9]
ot ﬂ—?ﬂl} n| et A= % YR 4B Higk vdst

S ARl O] B BARE 3071 (NAAS, 20100)&]of &
T AR oA AR L] vl mARE ol iRt HAEAR
7} o}2] glolA] Aol At EYH|LEE Bt |= o
AR AlAfElR] o] SR 7|0] ARE W AFEe] 4=
I} v]Ssto] ARfEe] EFsle S W WX AfH) AbEe]
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