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DIRZRFEE & HHEDOTE & 2D T O E BRI A A5
EENTWVD, TH LT DL, HADMEREMKERE
THMETH 2 7 1~y &R D 2 R EAR
OB S SRR OEA OB RIAE N 5 JLTER
EHREEE LT, IHRIBZECH L TLBOMI NS X
BRI T B C L2 ARG OHNE L, TOHM
Dz, BarMEOTEEZRELETEAT L
ERRL., ZCicr7maxy 4 MOREMEZMA, 1 RE
W ORROFAEFERD HIRRFEND LIEOM X D5
BT OV TR LTz,

2. Jiik

21.XBAHS A

TEOME O LEEORENTRER [ MR fE
(LUF, RER@) ) #ET2LEHS LENE 1S com, &
& 50 cm DL E Z)VEIDYE O IS 2 72 HRD T2 AN
WKAER L7z (Fig. Do ERRNICIE, EMD 25 em O &
EFCWEAREL, ZOLICREEE LT, BLZzfEoT
B NI EROEF D SWimEs 100 cm’, & 4

Qe

#BiEE=L
Al

HBORERE o

250r21

< = »  (Bfi:cm)

Fig. 1. FZBREEE O RS

tl

cm, 7 400 ml OZ AN TIEREHME OGREE L T3
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BRI, SIHO05JEE SHE 0.7 @I, 1L EME e LTz
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R C & OSFEHELE 10 ~ 20 cm FEFE T 5% JKUE Tlet il
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em & ULZRERICHN L TIE, MO FCIIMREHRTE &
Motz (Fig. 3a),

HWOWHR A OO K ISR B0 & Ed 5 7=
B, REEO FTFTOMRD 1 mm 50 BT o Wi i
Gt A R CEOMIE T IR (Fig. 4, 71
<V T, WITNOREED FERcBOTEH, B2 mm
FHEZAMEESNT, | mm GOERRE COW TGS
EHEE 1 mm LD RBKED -7 (Fig. 4a, b)) TV F
TiE, WREO EE FTOABER 2 mm ZHA AR
5Nz (Fig. 4c. D)o BT TR, RED L TORE
£E5smmEZMZ ZWHAR SN, WEEO R, SE 0.7 HD
b, Sl 058D ETIRER 3 mm i ORO WAL AR
MRERKEL, SHOTEDOFE S 0.5 D FTIEkERE
Imm LU FOEBENMC R ENZZITTH -7 (Fig. 4e.
Do SRFTTOREFED LTI, WINOREETHIE
3 mm ZMZ BENRE SNz (Fig 49)0 2 XF T D%
ERED T T, WIRETHERE 4 mm ZBZ 2RV E 5N,
SAH 0.7 JE THEA 3 mm Z 2 2B R S5 N7z (Fig. 4h),
IFIOREBDO LTI, WINOREETHER 4 mm
EHZBENE SN (Fig 41 ITTOREREDFT
. AHERE CHER 6 mm 22 RN, S 0.7 THEE
4mm ZZBRNR SNz (Fig. 4j).

MO W E AL A3 OAR O E ISR 2 540 O HULIK 73

LIy

tl

RICDODWTHEIT 2701, BifEEFREEOEET LD
REFED L FZENFNICH UCTHROWmEREZ ., fivRE,
SIHICELADETWVE, BOWMBEAE OFRIET
HIROBERZROW H A OHFONRERE LTKRD
Too TOMIZ, RTOREED L &2 TORMEDXHIEE
DFTE, IFINRREREL. ROTHYTEIXF
Seixb, ryFeruxvid/hEh -7 (Fig 4), S1A
0.7 DO N TOWHERIDMAOHFOMNARBERIE, 1 mm T
DIRPMENTFE LRI THo AV T ZRL &L K
VAL SIEIC, 3FIH 3 mm. 2 XFTHE 2 mm,
FYFe a1 mm Tho iz (Fig. 4).
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S 1.0 LIRS N, STEMN 1.0 KD/NELZ>TW
CEMIFRA L. STHOSLITTRIZEAERIEDEN
BOWLEEOATHZH R Uz, AR TOTrvE&E
aFFiE, SE 0.7 g U AR AEE LA Wi &
FHE R 72 i U 7z ROk & 72 0, Sl 0.5 ez
i U772 MRIE FE Ls o 72 (Fig. 3b, Fig. 3e)e TN 5
DFEFRIZ. ERNS (1984) RfEK S (2003) DFERZZ
938D THhH->7z,
AWFZETOEERIH ORARD S 1 EMO” &5
WA E DO TH o 72h, S fiF 0.7 fe 2l U 7z @ik o
TNOMBETEHFEMELZ. LML, ZNZENO/HEED S
6 0.7 O N TOWDOMEREEGEHE. TNENORRED
SHE O FOMEICLERTRIBIS NS Eo T ZNEN
ORHFET. S5 0.7 D ETFOROW G ZHHikd %
&, FOMEEFKIFI/NE L, BD LICHT 2 FOMEDHRK
DRI T LIS ORTFEIZ R E T2 722 V% < %42 70% Fifk.
AT TE99% LA LETH >z SAE 0.5 285 U 7z,
AT TEMCRENTZTTH Y, 1T LSOk
OREEE L Iah o7z BT TIE. S E 0.7 JE Tl fhodfsf
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The influence of soil hardness on the root development of Pinus
thunbergii and four species of broadleaf trees

Hironori NOGUCHI"", Kenji ONO”, Koichi WATANABE” and Kyohei NITTA®

Abstract

Coastal forests have been restored since the Great East Japan earthquake and tsunami; thick growth bases have
been built with embankments to allow tree roots to grow deeper into the soil to prevent the trees from toppling.
Because the growth bases were built by heavy machinery, their soils tend to be harder than those of sand dunes
where the former coastal forests grew. As a result, there has been concern that the hard soils in the growth bases
may prevent roots from extending deep into the soil. The present study aimed to investigate the root development
of the coastal forest into hard soils. For this purpose, a soil column, with a 4-cm set layer whose soil hardness could
be adjusted to three different levels, was constructed. The container seedlings of five tree species, Pinus thunbergii,
Zelkova serrata, Quercus dentata, Quercus crispula and Quercus serrata, were planted above the set layer. After
one growing season, the cross-section of the roots above and below the set layer was measured for each plant.
In case of all five tree species, hardly any roots could penetrate the hardest set layer, whereas some roots could
penetrate the second hardest set layer. Whereas the total cross-section of roots penetrated the second hardest set
layer was little for Q. dentata, that of roots penetrated the second hardest set layer was about 30% in comparison
with that of roots penetrated the softest set layer for the other four species respectively. These findings suggest the
roots of Z. serrata, Q. crispula and Q. serrata can achieve the same level of penetration of hard soil as those of P,
thunbergii.

Key words : coastal forest, growth base, tree root, soil hardness, soil column experiment
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