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Abstract: We performed this study to determine the foliar nutrient concentration and the nutrient stocks of restoration
areas and adjacent Pinus densiflora S. et. Z. (red pine) stands in opencast kaolinite mines in Sancheong-gun,
Gyeongsangnam-do, southern Korea. We chose six sites to determine foliage nutrient concentrations and the nutrient
stocks of soils (0-10 cm depth). The dominant vegetation planted in restoration areas comprised Quercus acutissima
Carruth., P. koraiensis S. et. Z., Festuca arundinacea Schreb., and Lespedeza cuneata G. Don. Invading vegetation
in the restoration areas comprised Alnus incana (L.) Medik., Robinia pseudoacacia L., and Lespedeza spp., among
others. The carbon and nitrogen stocks at 10 cm soil depth were significantly higher in the red pine stands than those
in the restoration areas, whereas those of phosphorus, potassium, and magnesium were not significantly different
between the two areas. However, calcium stocks were significantly higher in the restoration areas than in the red pine
stands. Nitrogen concentration in foliage was higher in L. cuneata (20.28 mg N g) than that in F. arundinacea (5.67
mg N g'), whereas potassium concentration was twice as high in F. arundinacea (18.8 mg K g') as that in L. cuneata
(9.07 mg K g"). Foliar nitrogen concentrations in invasive vegetation such as 4. incana, R. pseudoacacia, and
Lespedeza spp. were twice or four times higher than those of Q. acutissima and P. koraiensis. Our results indicate
the development of suitable vegetation and soil amendment treatments to improve poor soil environmental conditions
in restoration areas are necessary following opencast kaolinite mining.
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=% A= (opencast mining)ol] I3t F= Ao TR
AR WA B A, R E o wgel HEkE =
tch(Shrestha and Lal, 2011; Feng et al., 2019). =u] =3
A=) i3 FE e ILHEE A (Moon et al,, 2016),
JVHElE Babe) 47h HslH B o We Aow
&4 A Qlth(Korea Institute of Geoscience and Mineral
Resources, 2020). =] L FHE YZX| &= dHE A=A S
o SA5e] WA A2 Qlsko] A4 % o Aforest floor)
o] AAE L, F23t B JAE 7= REVF E4E=
5 AFEAEA o] Ak Qlrk E=RF A= W ERE
2] T Al AR ES AR =9, sheh AEA A
= ARRFA|AL 27| g Eo] AR AR Edof B¢l
P = 7 e A= IEA UthZipper et al, 2013;
Kim et al, 2020). 31, =3 o] 9aE 2ol z|wH
o) F4] W EALSAL AL B, vl BEA Aol ofat
| 09 5& Hasalr] Pstel A& A4 B0l

T BAS AE 29 AGEn ofyal, B 449
i T, R o 5AY B =& T A4

st S-S A3 A E2E 83 4~ Qi Wilson-Kokes
and Skousen, 2014; Hogberg et al., 2020). & S, 7}
t} AW E} A B Eu| AR U (Populus tremuloides
Michx)9] 9 Qe Eof ofitol AT ALEE u et
(Hogberg et al., 2020). §Hd, =] ILHE FAF A=
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Y520 w2t 60 cm o4 AE - AAY Feo] o]FojA]
7] W&ol AL F4(mine spoils)S 7|HFER A)AJo] EQ)
E]= oul w33 (National Institute of Forest Science,
2015)9t= tHE EA4S Hol= Ao dA UrhKim

et al., 2020).
e A ABA ) AFA AN BAL GJaAE B
YA EoFo] A} A AR FE F4 7%l digh

AE7F dosht AP E QA BY 50 d FE =
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2 12.8°C, 7=k 1,556.6 mm yr' m(Korea Meteorological
Administration, 2017), A= HAJS B2 YAE
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(kaolin weathering profile)7} ¥rgslal Q= o=z ¢
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Figure 1. Location of study site (a) of restoration areas and adjacent red pine stands in opencast kaolinite mines in Sancheong-gun.
Quercus acurissima (b), Pinus koraiensis (c), Lespedeza cuneata (d) and Festuca arundinacea (e) planted in restoration area.
Alnus incana (f), Lespedeza spp. (g), and Robinia pseudoacacia (h) invaded in restoration area.
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Table 1. General characteristics of the study sites.

. Stand . Basal
Site Treatment Location Ele(vriglon Aspect Dominant vegetation Stand age  density ]()c]?n];] Hgfjh t area
(tree ha) (m* ha™)
| Red pine stand  35°25'35"N 310 E Pinus densiflora 47 1,100 292 143 80.1
Restoration area  127°50'31"E Festuca arundinacea N - - - -
) Red pine stand  35°25'39"N 280 E Pinus densiflora 46 1,100 25.7 21.0 60.6
Restoration area  127°50'36E Lespedeza cuneata - - - - -
3 Red pine stand 35°05'44”"N 310 E Pinus densiflora 42 1,000 25.5 17.0 522
Restoration area  127°50'46"E Festuca arundinacea - - - - -
4 Red pine stand  35°25'51”N 200 NE Pinus densiflora 39 900 24.6 11.5 474
Restoration area  127°50'37"E Lespedeza cuneata - - - - -
Red pine stand o Pinus densiflora %) 1,000 264 171 55.7
s 35°26'54"N 470 W Pinus rigida
Restoration area 12749458 Quercus acutissima, - - - - -
Festuca arundinacea
Red pine stand . o Pinus densiflora ) 1,200 239 161 583
6 127°49'48"E 450 W Pinus koraiensis
Restoration area . - - - - -
Festuca arundinacea
43.0 1,050 259 16.2 59.1

Mean Red pine stand - - - - (1.21) 43) 075 (1290 (462

-*: not determined. Values in parenthesis are standard error.

# 9ltk(eong and Kim, 1994). 102, Vel A] 47 a0l B2 AAo] AR gttt
THE WAL Aol o)Folx|7] we] Al 4] Lefuh AR 2ATY A9 AFY HUG AWARE ok
A )7} g Alek wolul, Apggtae] e MR A2k Q15 AFg.0 25 e op AU Robinia pseudoacacia

£

AL 0] 93le] el 2L AXBIAL, H-AE vEhHo) L), B UF(4lnus incana (L.) Medik.)2}, AHg 24
A4 Bojo] AAE|1 QJrKKim et al., 2020). RAFR]= AR A&l 4531 AElF(Lespedeza spp.) 501 AY 4
IHES A= 5 39 oy Hlo] AAH 671 A9 of o g Edskth(Figure 1).

Ao 2 (Figure 1) 2019 7Hof A% =AE HAISHITE

AR O] W9l = R AR e SEEFolsla 2, EY AR MEE

O] 74-9-290~470 m2] AkA|of| A5} THTable 1). A} EY & AFES S| 3 ARe 1™HE A=
T TR AL RS AR F a2 450t 25 A9 AR} A 2 QS GAeR 10 X 10
o] AAJE “AAY HUA e} AAFAR|of AR5 wet m=7]8] 2ASEE 2R 5 o2 AAEH 3aE i
2 WA R 2R RS AoR sheltkFigue 1. O 400 om® 27]0] 2 EoF 2772 0~10 em o]
NPE YZA o AT 4 R AU HAde O] B¢ ARE AFELF 367 24 2] x 3RHE x 62A}
2 ggRE olgalo] 2AE AP 0WAN 47H, 9 ) Amulo] WEsle] AR euakich ABAR &
Y= 900 - ha'o A 1,200 & ha! © & UFERGTH Table HhE EoFS AR F 0420 mmA S o]-&35to] EOF whAa
. W FRAZT S 259 om, 162 m FRGAA W Ah FE 24 ARE 2As] 8 arAy]
2 474 m® ha'o 4] 80.1 m* ha'2 H7} Hgch 18 E (Vario Macro cube, Germany)E ©]-8-3}o] =235} c). <l,
AZA ] B ARoz 2Eo AL SsfAE Z7oE ZERE, Z4, thdlE 5225 g9 AR BEYS dEE
(Festuca arundinacea Schreb.), 17]4~= H|4=2](Lespedeza OLA|E|O|E &M 55 mlE FH7}slo] 16A17F ot X =
cuneata G. Don)7} THEE|QITh Sk A2 Al % o A Z9%til(Kalra and Maynard, 1991) &3 £dS
A TASE AH B8 AP A1E 2 (Korea Forest Service, ICP(Perkin Elmer Optima 5300, USA)Z ZA3}it) EoF
2020) H2 1~2 ool ARIE FR(Pinus koraiensis 2] PR AGFe FR FE, EFIAUE AR 73

S. et. Z.) 17, A48V (Quercus acutissima Carruth.) Zol, A8 T &-H] 5 o] §sto] AALlegon,
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1, B U AAY

o
~10 cm Zlo]e] BtA 9 A4 FE(Table 2)9}

3. SHX| Aol ) AR S EFO
B 2R 9 9 R EAE 9% AlEe SEEAY A7 (Table 3) AU o] H-X|of Blsf o2 o
A = HY FFor FHEste] 7HA7F F2hE Y B oweten, Ql, Zeks, viadls AR A 594
5 st Awo] Ugsto] A= SRIsklr OF AU Qi Atolof] 97 Q1 Zpo] 7} gliTHTable 3).
HHE Q] AlEe 7HA]9) 9 EE3E $ 65°C 25 x7]l g 2 s AN 2o R dag AR 59
Har epoll =ad wizbx] dxsigich Az ¢ AlEe A7b v ol Blsf 2A] Vrebgth
w712 57 S TR $ 0420 mmA|E o]-85fo] R
A A RS 2AE T 4 AR W g D A wEe 2. S| Ao o AR Sk
Y224 7](Thermo Scientific, Flash 2000, Italy), 91, £}, EHUA AR #FQ AT o s of| vl 5]
24, Ul ss e AR 05 g& 5A1ESl $(Kala 2 Aoy s 555 Hou, Ql, e, vivls
and Maynard, 1991) =% 892 thAto 2 ICP (Perkin Ll T 2% 7 2 2ozt ¢l rKFigure 2). 2] A4
Elmer Optima 5300, USA)E o] 5}0] H-48hick Q1 EORIR, N2 R oA 2 Aang AR
Qe AFELE AAAER] ST ARgel U 2o
4. HEEN o) A sk 2~4) A HTh o AanHAE
e WAL A R} 2R Qie] ok gk 9] ol Eeky, 2 Uil FE S b A
Ao SASE] TaestS o830l P0.05 ol fol  E[bR e AMAE BE ol va) R LS MY
49l 2ol 2 AHSATHSAS Instinte Inc, 2003). AL B o B 2AE A4 F vlselFigwe 1@ 272
AAY A3} 9 FE 5= Afo]o] #AE Canoco 5.1 E[Figure 1(e)]o] 8|8} 2| T o] uE mul oha} F5 3t
(Ter Braak and Smilauer, 2018)2 FAH EA(Principle MEAEE Ho|al Qlom, 919 A4 5=k 20.28 mg
Component Analysis; PCA)S A A5k N ¢'2 2798 567 mg N g'ofl Hla) &7 vepgch

Table 2. Soil nutrient concentration of restoration area and adjacent red pine stands in opencast kaolinite mines in Sancheong-gun.

Nutrient
Treatment Carbon Nitrogen Phosphorus Potassium Calcium Magnesium
(mg g") (mg kg')

Restoration area 5.0 0.31 2.25 83 1,846 196
(0.5) 0.4) 0.9 10) (228) (46)
Red pine stand 36.0 2.08 1.07 117 914 112
cd pmne stands (7.7 (0.4) (0.9) (10) (299) (14)
P-value 0.003 0.003 0.37 0.04 0.03 0.10

Values in parenthesis are standard error.

Table 3. Soil nutrient stocks of restoration area and adjacent red pine stands in opencast kaolinite mines in Sancheong-gun.

Nutrient (kg ha™)

Treatment
Carbon Nitrogen Phosphorus Potassium Calcium Magnesium
Restorationarea 3,370 204 1.67 55.65 1,333 128
(470) (30) (0.70) (7.49) (326) (33)
Red pine stands 20,171 1,158 0.63 71.47 482 66
p (3,193) (154) (0.52) (10.6) (90.6) (10.4)
P-value 0.004 0.004 0.26 0.25 0.03 0.10

Values in parenthesis are standard error.
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Figure 2. Foliage nutrient concentrations (a: carbon, b: nitrogen, c; phosphorus, d: potassium, e: calcium, f: magnesium) of the
vegetation (AL: Alnus incana, FA: Festuca arundinacea, LC: Lespedeza cuneata, LS: Lespedeza spp., PK: Pinus koraiensis, QA:
Quercus acutissima, RP: Robinia pseudoacacia) in restoration area of opencast kaolinite mines in Sancheong-gun. Vertical bars
represent standard error.
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opencast kaolinite mines in Sancheong-gun.
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