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Physical and Chemical Properties of Soils in Quercus acutissima,
Q. mongolica, Q. serrata, and Q. variabilis stands
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Abstract: This study was conducted to compare the physical and chemical properties of soils in Quercus acutissima,
Q. mongolica, Q. serrata, and Q. variabilis stands. A total of 423 plots (Q. acutissima 72 plots, Q. mongolica 150
plots, Q. serrata 97 plots, and Q. variabilis: 104 plots) were examined to determine the soil properties of A and B
horizons throughout the country. The physical and chemical properties of soils were significantly different among the
four different Quercus spp. stands. The sand content in both horizons was significantly higher in Q. acutissima stands
than in the other three oak stands, whereas the clay content was lowest among the four stands. The soils in Q. mongolica
and Q. serrata stands were more acidified than those in Q. acutissima and Q. variabilis stands. The concentrations
of organic carbon and total nitrogen in both soil depths were significantly higher in Q. mongolica stands than in Q.
serrata, Q. variabilis, and Q. acutissima stands. The content of available phosphorus was significantly higher in Q.
mongolica and Q. serrata stands than in Q. acutissima and Q. variabilis stands; whereas the contents of exchangeable
potassium, calcium, and magnesium were lower in Q. mongolica and Q. serrata stands than in Q. acutissima and
Q. variabilis stands. The cation exchange capacity was highest in Q. mongolica stands, followed by that in Q. serrata,
Q. variabilis, and Q. acutissima stands. These data indicate the need to design a nutrient management plan to enhance
the low soil pH and exchangeable cation in Q. mongolica and Q. serrata stands.

Key words: forest soils, oak forests, oak soils, soil nutrients, soil property

M E
* Corresponding author A} g oFo] dighe EoRMl ARG o Bodsl TR, 7
E-mail: ckim@gnu.ac.kr - 2 A Lo olo] HIEL AFE ZhQ
ORCID T X] 0> *1}\05 /\]Zl‘jq— 7F'_:—C_‘ -Q—\_—‘] ——1;}(:1 \_]_' OEZ“I 001
Choonsig Kim (® https://orcid.org/0000-0002-3263-1187 olsf J3ke W=rth(Binkley and Fisher, 2020). o]& 2.9l



AE i 5 2 % 2AY ZHol, 9 HA 9

2 zpo]= Qlsto] EQFo] Euf-ofehd] EAdof 4
S 713 4= UthBinkley, 1995; Levula et al.,
2003; Ayres et al., 2009). AFHESFO] EAL ol & IR} AL
WA BHo] 917] wjEol(Aponte et al., 2011; Menéndez-
Miguékez et al., 2015), 574 Fo] Hfdt= YA ES

83 Aol

et BURRE coRt 9xo] BEstn 45

B 5o Aoldt Aer deA QItk(Kim and Kim,
2017; Park et al., 2020). o|& &9 U y(2r)= AE
2 AERTO| T FE ANH R0 AWPRE
Yoo AR, STt 23T d_d 9
T AAA Y, U A gFd dAIE A
= Ao g d4HA tiKim and Kim, 2017). ©]2]3t A
o] g Fd 1 Aol B Ee-gehA] 54
o= theFRl FIE 7R & A LR dSHTh ey
JUERel el AHH0R 9P 718 & b £
o] ] 354 EAe) tigh At o wlEg Holm,
AR Ao ALE LA AT U AIAE Y
A2 Y= 7 U(Choi et al., 2006), = F(Lee et al.,

et al., 2005; Diaz-Maroto and Vila-Lameiro, 2008; Aponte
et al., 2011; Paulo et al., 2015) =ujo]] o]&31} THTH oL
+© M9 P E3E Holoh oA st o = H2 w9l
A SE RS QB A 59 B4 T
Atz 23U d2e BES s o A
SRFGFE APASY AN DRS4S B
Ao m(Lee et al., 1996), ALt dEE A
7IE A BEY pH 52 A9 4 Bdof 7oq=rt &
Heg2 AdbE B Qltk(Jung et al., 2017).

= FHERO] 2 A2 oF 980%ha A o] w(Park

)
2
By
1o

e, AU, SR, B 9

o] BEQF &g - F5) 531

x
i

S

et al., 2020), 0] Ar=2] U5t 78 ha, AlZFUE: 4144 ha,
Z L 38%ha, 2R 235%ha 5 & 767%havl £

1 9Jth(Lee et al., 2018). FFEL BlA T4 =g
o] $=potar §AfA ZEXERE ofu et WAl A 9]
T 5L % 328 3 5 oot R 28EU =2
oz od#HA rkLee et al., 2007, Park et al., 2020).
HA, U R A2H o g2 FRIQIE A9 72
2ol 3HH o R b2 HeoA AR Bk &
] 54 JEE o] &3 AAA] A& Hert Za

Y
Y
id
d
3
S
iy
Y
i
o
S
S
of
ol
5
&
2
Ruiy

Q. mongolica
A ® Q. variabilis

® Q. acutissima

® Q. serrata

Figure 1. Location of the sampled sites in Quercus acutissima,
Q. mongolica, Q. serrata, and Q. variabilis stands.
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Table 1. General stand characteristics in Quercus acutissima, Q. mongolica, Q. serrata, and Q. variabilis stands.

Stand No. of Stand Elevation di?;i?y l\gga}rll }11\2 iﬁzllllt .Site liert:zl V(;lum_elz
plot age (m) (tree ha™) (cm) (m) index (m* ha") (m’ ha™)

Q. acutissima 72 35+1.4c* 166+8¢ 753+40a 20.1+0.6b 13.8+0.3ab 14.9+0.5a 24.4+1.0b 176+8b
Q. mongolica 150 59+1.3a 667+21a 787+22a  21.840.4b  13.5+0.2b 15.3£0.2a 30.3+0.8a  213+6a
Q. serrata 97 43+1.0b 317+20b 527+22b 247+0.8a 14.4+0.2a 14.4+0.3a 26.2+1.1b 175+7b
Q. variabilis 104 43+1.1b 340+14b 806+38a  21.0+£0.5b  13.5+0.2b 14.7+0.3a 27.3+0.9ab 211*lla

* Meantstandard error. Different letters among stands represent a significant difference at P<0.05.

S|
AR QR S AR A BRI B AAA )
ksl 9] & =714 3 (Korea Forest Service and National
Institute of Forest Science, 2021)Z A1 S, 2| $]X]
SE BYANRAGRE Higos e Fi
20 29X 4x(Park et al., 2020)S o|&3}gct RARSE

Iy QLo B3t Fug

th & A2 LS AZUE 213 m’ ha!, U 211 m’
ha'& Ar2=2]uUEt 176 m® ha't} 23UE 175 m® ha'oj|
v =ZA yERgth

N
Ul
02
m
fr Mo
> 1%

2 7}2 80 cm, A2 80 cmo] HA|Z
wHS AESHL ASY B R &
AF s AHFHE B Al AdelA 2
T ol 54 2 mm A2 AEsto] BEGF B8 ARE
ZAsFELE B $7)1E EAL8 Walkley-Black W
(Kalra and Maynard, 1991), -3-& Q142 Lancaster 3 &+,
w3k eko]l &K', Ca¥', Mg®, Na")2 IN-NH,OAc(pH 7.0)
UE 5 I1CPE olgalo] WAoo, ool Lmekg
(Cation Exchange Capacity)> IN-NH4OAc(pH 7.0) %

T NH,-N 229, B9 pHE 115 EokZ 22 Feto

o
S
x

i
%
Am
M hoox gx
of

(=N
o2,
>
]

o

pH B2 &23}%t}. A& 4(Total nitrogen)+= Kjeldahl
SPARAE R, Lo, 0)A), YETEE AL o))
A th(Kalra and Maynard, 1991).

3. XjzEAM

Sho] A E B4 (Principle Component Analysis, PCA)

iy
&
i
!
i
ml
i
]
2
()
W
o
= o
S
2
i)
:?L_‘.
Jo
1o
iy
o
U
Hir

A
ko, jAks S ¢Jio ]
=of Hlg ¥ 3S By JE e E3UET A&
o] 22.8%=A] B FUFERF &) HF) Utk EY BS
o) o} v} FHe AZT} GAEH AT melow,
AR e AU gEol 116%2 B FER ¢
ol ujs) 71 ke,

EoF AZ0| pHi ALV Q) 22hIR Qo] pH
4220} pH 426082 2T o5 pH 4.84, AH=2|L}
QI pH 4.710] u]s) =¥ 4HSl} AlstelT BEE A%
A A Bol AR SR QRS 23
P AU lio] He) Sold s e Eok pH
£ Rerk AFO) B §7184 BEE AR 9
434 mg g'Z SR JE 311 mg g, 2R
264 mg g', AR U 9 24.5 mg g'of wls) &
2 $9kom, BFO| §7)5kh BEE AZT FAR

o

ot

jales

1o
oY X mo Ar
o o He



A AR Qo] 24 mg ¢! 2 B AURE Qo]
v3) 7 22 e Bk AS9 ONES E3h ot
16.00.5 B o] ]3] 5502 A Lhehye).
AOIARS AZUHRE QJE 66 mg kg, ZEUE QJE 54
mg kg2 FHUHR QJE 24 mg ke'oluh AU 92
25 mg kg'ofl H]3) oo oprh BEE AR
At AQskar A, S, ST A Akl
oA FelHel 2ol fo
e, A4, vdle 22 e ol ASY

2 W greury @t gl
U o] i3] E2 ghe Beick ool
ZFE 9]0 AZo] 21.1 cmolkg!, 3}
cmolckg”!, ZRUE Q& 13.5 cmolkg™, AF
2 11.3 cmolkg! 40|t BZo] Ao
A AZGE ¢lEo] 15.8 cmolkg' 02 713

S U 9Bo] 9.8 cmolkg' o2 TP ¥

r

2
iy
<
oo o
T
o pp
2w

°,
~
L

by

41 rloh
0

T ol

>

oj
L
o =

2 Lq
Jo
>

4
d
li Hu:

I
32
o
.
oz

o

=

2. A= O E4o| B

£ ATolH SR ARE GE H4 80k EF 44
137} 5 % 29 WA Egska glo] W Afo] B
3 ATRAS 71 B 9Js) FHRRAL A
A A3 AR QR AFL 7kE S (AxEs DO 7
S R W EQF B HA] thato] 24%, A|=E(Axis
2)& 44%2 ATk B BEE AZT fABHA 7
B2 25%, A2 41% A2 YERGtHFigure 2). Al

BURE AS /2%0] 46%, BE 50%, ARES A%
14%, BZ 14%2 AS2 £ BAF] 70%, BE2 64% A=
2 Ak gou, BTy FHURE 50% el

o] 7)o 7} WAl vepgy,

2 A
o
Ha
4
oo

- K

)

2
flo
N

)
S
o 2
32

4

o fe
[
i)
B

r

S
-
2
~
>
o
=2
N
H
N
N
oo
)

> O
o
i
oyl
st
oX o

Jo
N
st}
F
off
il
@]
Z
o
flo ©
o
1o
X
® ow
o
30,
32 4
vl

o2
Am
oX
ofy
o
+
o
L
o
oy
o
T
:11:1
iy
2
-
o
o,
fo B
lo
H

ok ol
jﬂ

S~
Pl

Hm
ot
ot
rlo
ooy
Kl
i
gﬁ l
4
K

YIS
oX
£ &
o
oo {0
o,

o
tlo
rir o

m
Lo X L

fo
o
o

fr
o
Hm
ot
flo
o
<
iz
lo
o
r o)
o
14
R

_{
d

I
5
1
O
e
L)
o
)
)
At
i

1= e}

533

1.0
8

Axis 2 (44%)
Axis 2 (41%)

sk
=

-0.8
)

Q. acutissima (B horizon)

os 40 Axis 1 (25%) 10

Q. acytissima (A horizon)

-06

08 Axis 1 (24%)

L oc @

Sand
Ve a2

o - 203

—
sl DB

Axis 2 (14%)
Axis 2 (14%)

STD

JohAClay
Q| mongolica (B horizon)

Clay
Q. mangolica (A horizon)

1.0 Axis 1 (46%) 10 08

-0.8
-0.6

Axis 1 (50%) 10

5 10 ©

0.8
0

DBH K
S N\gy silt

SID

Sand

205

A\ Mg s1D

Axis 2 (16%)
Axis 2 (18%)

N+ sD
st S/

§ o " 0
Cicgy? Q- serrata (A horizon) m d

© oc7y
S il

-0.8

. serrata (B horizon)

10 Axis 1 (38%) 10 10 Axis 1 (38%) 10

o DBH

Nat 0
e, 5 510
S ot

Silt oc > crcpa
Clay w

Mg+ Cay P203

Axis 2 (17%)
Axis 2 (16%)

STD

-1.0

o

variabilis (A horizon)

-1.0

Q. variabilis (B horizon)

10 -0.6 10

Axis 1 (28%) Axis 1 (30%)

Figure 2. Results of principal component analysis (SI: Site index;
SA: Stand age; OC: Organic carbon; SD: Soil depth; BA: Basal
area; STD: Stand density; H: Height; VO: Stand volume) of
stand characteristics and soil properties in Quercus acutissima,
Q. mongolica, Q. serrata, and Q. variabilis stands.
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