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ABSTRACT

This study was conducted to identify characteristics of domestic pine forest soils and to elucidate major soil
influencing factors for natural regeneration. We analyzed the physico-chemical characteristics of the soil
samples collected from 23 pine forests and confirmed the similar results with the forest soil characteristics.
Soil pH, organic matter content, total nitrogen, exchangeable Ca, silt content, and exchangeable Al were
selected as the major soil factors among the exposed soils through 10 days of pine seedlings exposure and
cultivation experiments and statistical analysis. Multiple regression analysis showed that soil pH had a
positive effect on specific root length (SRL) of red pine seedlings and exchangeable Al was a significant
factor affecting negative change in SRL. Taken together, the reduction of exchangeable Al by soil pH
adjustment would be helpful for natural regeneration by restoring the forest and improving the fine root and
root integrity of pine seedlings. Therefore, soil pH and exchangeable Al could be recommended as a major
soil factor to be carefully considered in the monitoring and management of soil in pine forests that need to be
renewed in the future.

Keywords: Exchangeable Al, Factor analysis, Multiple regression, Principal components analysis, Soil pH,
Specific root length

Major soil factors (bold character) affecting specific root length of red pine resulted from principal
components analysis.

Indicators PC, PC, PC; PC,

Sand -0.674 -0.076 0.149 -0.041
Silt 0.100 -0.006 0.117 0.896
Clay -0.140 -0.225 0.091 0.859
pH 0.198 0.010 -0.829 -0.083
Organic matter 0.953 -0.080 -0.047 -0.123
Total nitrogen 0.942 -0.131 -0.100 0.005
Available P 0212 -0.445 0.589 0.072
CEC 0.835 -0.105 0.240 0.067
K 0.113 0.501 0.358 -0.340
Na 0.277 0.683 0.141 -0.177
Ca -0.055 0.724 -0.035 0.064
Mg -0.091 0.710 -0.046 -0.096
Alex 0.076 0.051 0.857 0.081

Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

© The Korean Society of Soil Science and Fertilizer. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-
BY NC

medium, provided the original work is properly cited.



o=7

o]t} (Choi et al., 2009;

=

sfl, 71

S

]

=

‘I_

A
vl

AU (Pinus densiflora Sieb.)+= M
S,

e

7

==
=

s

5

2y

T}

180 = Korean Journal of Soil Science and Fertilizer Vol. 50, No. 3, 2017
Lee, 2012; Yang, 2002). 1960%t]] o]

Introduction
o, ZLpRAA

)

ol

v

<
o

H

17do]c}t (Kim and Oh, 2013).

Tt} (Lee et al., 2008). ©]=
o] Z1oflo|tk(Ahn et al., 2015; Lee et al., 2008). JE-2]

15

hi,

o

8=

o
=2

o
=

o

1)

%)31 1.9 (Ahn et al., 2015; Hong et al., 2004), 21-&3742] 7

3

HEY EUE

H

21 %2 mm A2 A2A 24
A

=SS

=
—

(Pinus densiflora Sieb. et Zucc.) Ak
=

[e]
—
ZE

=

[e

A7

H1Y71 (25°C, =20yl 1047 vk

£l

a1 2015

St

‘I_._
Uo

A

o=

1
=

Xe}

7t
=
-

j=}

T

5]

Rk
o

FAC. B

) Ao AL

=

saict. 41}

] 9 QLS
o

[e]
o=
u

=
=

51

g
=S

S

k)

|=Ye)
T

7] (5558 93% o1, 'Wolks 87% ool H

Materials and Methods

(NIAST, 2000).

o+
EFAP
=

3N

S

teiek

i<}

fl 2

Wolg 95

=
T

&
242} 25

Z=of] 24417t Z17

=

Ko

60°C dry-oven©l|A] 48 A|7F AZA]

L.

—

R R

140 £ 5 pmol m™ s F=}F F7F(16A17L, 24 =

2°C), oRE (8AIRE, 18+ 2°C) 9] F=7] Z310llA A= Qe 10 47Fe] A7}

==

[e)

1

1

o] A

AT
it 401

[

I O

J

Hx

LLE
=

1=
pLe

1ol

[e]
o=
Zolgs

o]
271 (Epson Perfection V700 Photo)E- ©]

[e]

e wfepaol ] 4k

o

fol maf a1

°

23|
&l

2 A
(WinRhizo 5.0a, Regent, Canada)=

Petri-dish (50 x 10 mm)°]| 237112] &

FolM 1047 Al

ES=PN

)



Pine Forest Soil Characteristics and Major Soil Impact Factors for Natural Regeneration = 181

ciolg M AT -fHo] Al ¥ BE A2 30kE.0 = aistg] o, Al Avb= 39k o] Pigio= 1}
ERf It AE A1 Eﬁ]—#—ﬂ 2 SAS _E._JEH (SAS 9.2, USA)E o]-8-5td AR (correlation analysis), 821
4 (factor analysis), T2 &4 (multiple regression analysis)= A A|5FTY.

Results and Discussion

ALIRE) E050| OfaHSHE E4 S 2374 A FR el AFE £ olatsla S48 FIEAUE
A} (National Forest Inventory, NFI) At A1t} H|wsFITt (Table 1). L At E Adof| ARESH23ETF EFQ]
o pHE4.87, pH7} 7H =52 B0 pHE 5.892 BE EC] pH7T6 o5t e} oFab S == 710 2 Lefyt
o, S ARy 49 R AeS Hlee = 511 gl ow 22 mAs} 9 Algiete] we] oleh iyt
O AH W Y22 QlIste] W2 pH7F Hehd A © = T (Lee and Park, 2001; Yoo et al., 1998). A o] AR&-
S EQFO] Maflole Bt 54.1%= 7P A vAL HE 0 8 Aok e RIS R e Sd 4o

TS 771 3.49%210.16% 2 2=t Bt Q1 5.45%240.22% Hrk A% VA Uepit) §HH 7189 912 Ajlol ARg-
St EQFol| A A=t ot thiH] vl 7 = S =T 1 ﬂoﬂ ol 2x]$H5 (cation exchangeable capacity, CEC)
7} 2)gH44oF0] & (K, Na, Ca, Mg) B5 A3 B3 74l st 530 2 Uehdt) o] Z3ls)2 o) 237 40f A5t
EoFo] o|gfedo] 2=t il thr] ZA| Hofux] ¢ot @@"’ﬂ ARgShE Hlofl 2 727t gle A o= mrheTh

Table 1. Soil physico-chemical properties of studied soils (n = 23) and Korean forest soils (n = 898) in National Forest
Inventory.

Unit Studied soils NFT*
Sand % 54.1(20.8-89.5)" 42.7 (1.4-94.0)
Silt % 25.7 (5.0-46.9) 425 (4.1-91.6)
Clay % 20.1 (5.5-45.0) 14.8 (1.9-41.7)
pH 4.87 (4.06-5.89) 4.90 (3.33-7.93)
Organic matter % 3.49 (0.96-7.40) 5.45(0.11-28.03)
Total nitrogen % 0.16 (0.05-0.30) 0.22 (0.01-1.13)
Available P mg kg’! 59.3 (4.3-178.1) 10.7 (0.1-935.1)
CECY cmol kg'! 11.7 (5.2-19.1) 15.3 (3.5-61.7)
KX cmol kg'! 0.30 (0.11-0.52) 0.25 (0.04-1.16)
Na* cmol kg™! 0.14 (0.05-0.23) 0.09 (0.03-1.78)
Ca* cmol kg™! 2.98 (0.40-9.58) 2.25 (0.02-37.90)
Mg* cmol kg”! 2.38(0.17-11.87) 0.81 (0.02-25.18)
Al mg kg’ 16.8 (0.2-36.7) n.d.”

"Values are expressed as mean, with ranges in parenthesis
“Data from National Forest Inventory in Korea, YCation exchange capacity, *Exchangeable forms, "No data

AR RF EY LE MH 2ol Zo] tH] A5 H] (specific root length, SRL)+= 52| 2] Zo|& A5
© 2 o] At 9|2 (mm mg™), el o] g G-8 A= e o] g4 E 5-A] H-8-S EHSH] et 2
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Fig. 1. Root length (RL), root dry weight (RDW), and specific root length (SRL) of Korean red pine (Pinus densifloraS.)
seedlings.

12 7)=]2) 1 (Fitter, 1976; Fitter, 1985), SRL ] E2] 9842 Ao Bo ATLEL Eaf HlE) 1 9t
(Cudlin et al., 2007; Ostonen et al., 2007; Ryser, 2006). & SA=Lof| 4] AR - H oA & SRL-2 A55F tiH] Bie] 9]

Zo] o] 2 24 Faho, otz 2kElo] el Aol Qo AU 0] A% 27 He] Ble] o fefs
ARG 24 ofmlabh. 237) 5 0] kA 217 109071 Afulet 2L 0] Be] AV} ASRES ZAeh

11 SRL-= ATt (Fig. 1). 7L 23 237 EF - /3oA AF Eell ke EE 1.9 SRLO| 7P U
©1 (03198 mm mg"), A 714 38 SRL gro] Rt (0.7915 mm mg™). 2371 ol eZH AL G7
o] SRL] TRyl ebon] olo] Jakg i 70 B QA FE0l7] 91510l 891 B4 Salsich

ALIRE EY 19 QIXt XE B ATOKE TR ATHE Ll AUR §H0 SRL A4S 918 G
1 3 14917}

SFEQF oIz} 22 $J5l] 891 E4 (factor analysis) B'H-S 0851t (Table 2). 98 2493 o83t
F=2 214k (eigen value)= 720 & 1 oS Uil F4wa Aol on, 2F 4382 aQIHE (eigen
vector) 2] Atglo] 0.5 o1 EGF IRFE FE513ITH (Andrew et al., 2002b). Y g0l A ALE B 1%}
2 R-2J@ A (Pearson AL 7155, p < 0.05)7FEAS -9, Q19E o] Friglo] 7P E ERIANES =
Eo13.0m, QQIHE] Z10] 0.9 o]l A%, Fatt EYRIARE FE0513t. 831 241 Bl AF T
%k (eigen value)7} 1 o3 4719] F/dE-& Adstal o™ 47119 QIxFEo] ZdAof tisl 2F 70%2] A8
7102 Jelt] 11 5 24.2%2 A5k Qs FAE 1 (PC))-2 -84k (eigen value)©] 7H8 =9row, FAHE 2
(PCy) 19.6%, FAE3 (PCs) 14.1%, LE]1 FAIE 4 (PCy) 10.8% =20 2 AH5HA T 1-G3HS 21212.94,2.12, 71
211 1.632.2 UEISITE PC-2 -R71E, T84, CEC, 18|11 et 739t PAIE el 9lelem o] ajls
7ol B A (Pearson AHAIG=> + 0.50)7F Q= A2 2 UERL 0.9 o)d2] 8 21HE (eigen vector)E 2=

T
x
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Table 2. Eigen vectors of the soil characteristics results from principal components analysis.

Indicators PC, PC, PC; PC,

Eigen value 3.63 2.94 2.12 1.63

Percent (%) 24.2 19.6 14.1 10.8

Cumulative (%) 242 43.8 57.9 68.7

Sand -0.674 -0.076 0.149 -0.041
Silt 0.100 -0.006 0.117 0.896
Clay -0.140 -0.225 0.091 0.859
pH 0.198 0.010 -0.829 -0.083
Organic matter 0.953 -0.080 -0.047 -0.123
Total nitrogen 0.942 -0.131 -0.100 0.005
Available P 0.212 -0.445 0.589 0.072
CEC* 0.835 -0.105 0.240 0.067
KY 0.113 0.501 0.358 -0.340
Na” 0.277 0.683 0.141 -0.177
Ca' -0.055 0.724 -0.035 0.064
Mg’ -0.091 0.710 -0.046 -0.096
Al 0.076 0.051 0.857 0.081

“Cation exchange capacity, YExchangeable forms

F7ET SEAE PC S Aok 78 A= AT PCyollA] 1HEl7T 2 B9k 5442 218hd ol 4
(K, Na, Ca, Mg) 2 UEPFO ™, W5 GOl A (> £ 0.48) & Zh= A 0 2 BAE|Q]L] weba] 7Hg 22
MHE}E ZH= Ca (0.724)5 PC,E ESH= 8 AAE A=) PCollA] ESF] pHe 2|8HAL T2 G-8
Atto] 0.5 o/de] QIS 7Ha o n, I Folgt ATRIAIE Ul 71 =2 aQ19E S veRd X3 Al
PCy2 A &= Q= 8 A2 AHel). PCy= vAR HEZ 22 QIWELS el om QWE7L =
aARS PC,oll Tt .8 Q1= Aeistoint. Agel ARS8 FAIESS] 14 B4 QAR 4715, T84, 218
Ca, 212 Al 12|11 RARE FE0T]. T4 Aol A= 15 1A= A=) (it ]gt E9F pHO| 4%, ESF
Hellx] dofii=skagt-g-o] 7|2 1A= =1 AF 7173/ 3871 2] 3 (NIFOS, 2016) 2 E-8-5]7] we]l a-53121=

o ofx

EUQIXIQL ALIT F2 Ha|MEe| 27 82174 5= sl AL ES A (pH, 7=, T 24,
X84 Ca, BIAL 218 Al)yS t0 2 AU -1 2] SRLO] tieh @A A th58] 7 (stepwise multiple regression)
A5 AAISISIT (Table 3). 1 A7} 2|2hd Al E<F pH QIAFTo] SRL 3] A]of] fF-2ofet QIxf= et om 15
AleA 213H/g Ale] A 4]2]29.7% S AT 5= = A 0 2 YERITH (F-value = 8.88, P=0.007). 2HA| A= 4]
g Al A EF pHZE et /IALR FRIE|L.0™ F36%E A 7Fe et A 0 = LT (F-value =5.61, P=
0.014). AF=H oS3l A4S Eele] & o] X]ed Al AU 5.9 SRLO| 5782191 ks mlX|= 2 o = Yelst
1 HPH EFO] pHE 7105 342101 s PlAle A o= Yeith webA ohg2l Aol fofet Hs
SRl T IR0l thisf AU -2 2] SRLTFC] 7 EA )1 ARHHAIS 2A415HAT (Fig. 2). 2.9 SRL2 E<F pH

¢
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Table 3. Stepwise multiple regression analysis of specific root length (SRL) and selected soil parameters (pH, organic
matter, total nitrogen, exchangeable Ca, silt content, and exchangeable Al) from principal components analysis (PCA).

2

Dependent variable Regression equation v F-value
Stepwise regression

Specific root length = 0.695 + (-0.008 x Ale,") 0.297 8.883 (P =0.007)
(mm mg™) =0.165 + (-0.005 x Ale) + (0.100 x pH) 0.359 14.493 (P=0.012)
Regression (No selection)

Specific root length ~ =-0.0307 + (-0.0081 x Aley) + (0.1203 x pH) + (0.0006 X silt) 0.487 2.531 (P=10.064)
(mm mg™) +(0.0455 x organic matter) + (-0.4301 x total nitrogen)

+(0.0163 Caey)

“Extractable Al in soil, "Exchangeable Ca in soil

1.00 1.00

0.75 -

SRL(mm mg™
o
3

0.25

0.00 T T T 0.00 T T T
4.0 45 5.0 55 6.0 0 10 20 30 40

Soil pH Exchangeable Al (mg kg

Fig. 2. The relationship between soil pH, exchangeable Al (Al,,) and specific root length (SRL) of Pinus densifloraS.
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& pHeF A2 Ale] FoJet FFE nlx]= 58 FF QIR B7H=|Ql Al 11 o] ZFoto] A A+tollA] Ele Q1
2FE (718, A4, 2@ 21, Mn 5)2 @RI 4= ISt (Lee et al., 2002; Shin et al., 1999; Yang et al., 2013).
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& A7e = 2T B B4 st AAAE St 8 B IS =E5] Ssl 8=
of. A= 23714 0f AR ZFR B A= oleteMd (B4, pH,
o

[e]
T [¢}
o], A1 Al )= =790ttt ot 2357 EolA 109 He] aube i g B Aol A edv A 5=

&9l eigen value7} 1 o141 4719] Fd5-5 SIS, 13719] EF QIAFE 5 pH, 7=, & 24, 22
Ca, PIAL, 12|01 23] Alo] FAIEY T 523 EGRIAZ AU E|GIrE Al EQRIAE v O 2 th53] e
A& 43t AT EF pH= SRL $3tel] Fo] Jake T 213 Al 9] Gk F= 798k A= 2RI=| 3]
o} §] A7E Fgel & o £ pH WS B8 2|8 Al2] A2 AA] 8Bt AR fr o] Al #a] A/
S SN2 A A7PAle] go] F A o 2 Wt whha], EQFpHE} 2|8 AlS &FF 7¥4lo] Fagh At
Fo] B mUE Rt ] glo] 0] A AmHEolop e 8 ERIZIRE 3% 4= gl.om o] & 7§t & 2]
H Bk EAT} o 23 52 Rt ASAY 5 SR A AR @ A8 =Y S A Ao A
ZPEI),
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