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Effects of liming on the fine root production, fine root morphology and ectomycorrhizal association in a
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Abstract : In general, soils in Japan tend to be acidified by base cation leaching due to much amounts of
precipitation. Liming is often conducted to reduce soil acidity, and therefore favorable for cultivations of crops,
vegetables, and fruit productions. Iine roots and mycorrhizal fungi are mainly distributed in surface soils and are
likely susceptible to pH changes caused by liming, although there is still limited information on them. In this study,
we examined effects of liming on fine root growth, fine root morphology and formation of ectomycorrhiza in a
chestnut (Castanea crenata) orchard in Yamanashi Prefecture, Japan, using an ingrowth core method. We set up
liming- (40 kg CaO ha ") and control-plots in May and July 2016. Ingrowth cores were installed when the liming was
conducted (May or July) and were collected in October 2016. Fine root growth rates were larger in the liming- than
in control-plots set in May, while they were not significantly different between the treatments conducted in July. The
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very fine root ratio (VFRR), an index of fine root morphology, was larger in plots set in May than in those set in

July, whereas the effect of liming on the VFRR was not significant. On the other hand, the ratio of mycorrhizal root

tips to total root tips was not significantly different in all plots (approx. 40-60% of root tips). These results suggest

that liming conducted in spring can promote fine root growth, without decreasing the rate of ectomycorrhizal

formation in this chestnut orchard.

Keywords : Ingrowth core method, Fine root growth, Liming, Soil pH, Specific root length (SRL).
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KIS LT, ZOREMERIZRE, & — vt —/N—%
L322 EMHNTS (Taiz etal, 2015). HAF]
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Bakker et al., 2000), FRMAERIC & 1) T3EEEAL L 72
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WEHHAT % (Fahey et al., 2016), D3 2 2BEN9
% (Bakker et al., 2000), %49 A7 MERERE = (Taylor
and Finlay, 2003) (32 & WS AEIL T 5,
7 EO#EDIH 5 (Rineau and Garbaye, 2009). & A,
=0y N TITAIKBGT OENT V) H3EZ s
AWREEDOZTHL M) 2705, 774 ExEEs
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DIRIIR (2 D% IZEED/NEWHEGHIR) TH Y
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TAR) T EMORSEZRTIRIET, Zoflsk
EORIE, FUER (A M) LT, L)ILHH
THERTEDLRVIBREAWVWIRERKZ O H, K
DEAFIZH RN 7 5 LR T & % (Ostonen et al.,
2007). 2% 0, fRE, FICEAROEMIE, #
ARHIARIZ & 5 225 WINRE )] % 5500 B R4 & BRI o
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—HT, WIRW & OHAERIREHERET 5 720 1M
WHERE AT 2 KEOmIE, LERTHERS L 2R
FD6~8H 2% 5B L) b H 5 (Hobbie and
Hobbie, 2006). Z®7z%, Bz XTIkl % L7z
TG EAFI TSRS AR E B O TR T &
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T5ZEHHEEIN TS (Karén and Nylund, 1997 :
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DEADHIRE R CTZRE, WU KIF T 328 b 3
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9912IN, HANNA, Germany) % T-3EIZ1EHE L AA,
RS 3em HE O3 pH % HIE L7z

2. HRAREERE S & UHIAR R BB D AEAT

MR R A E B L OHREEoRHE IS, 17
O — Z 2 7% (Oliveira et al., 2000) % F\v 72, 2016 4E
S5HFEZE7TAHIE, EESam OB T 7T —
TER L2 S 20cm DRDOHFILNI T T AF v 73
Ay vaMfi (A ra—2a7 ; Eif32wm, ES
20cm, A v a4 X 2mm) & AN, ¥iFE+ 450 mL
ERELMEDRE L. 7 VMRSBRA LR T WA
R CTHo7720, FElE ZoHLEERL 2
(1 TCRALZLE, HALo2MEZHEL, Wik
DEFETITHB gDAIKERE L7z, 2hsoRE I,
N F THARRERR EIRE OB R &g T —
BRI SN TE72d D TH Y (Ohta and Hiura,
2016 ATH - 458, 2017), HURDEZ 7208 R L7z,
W74 7 a— 237132016 45 10 HIZENR L,
#E (0Ocm) 725 10cm F TOFES L, 10-20 cm DE
2D20128 N T, FohIlE TN AME (HE2
mm LT OM) Z@E5NCEILL 72, 2 7 R A
{, TTPCBRALLRIZTRTHLIMEL R E
EZ N0, WOAIZXF L ZRhorz. B H
L 72 MRIGKE AR THE L, A% ¥ F — (EPSON GT-
X970) % Fv> TS 800 dpi T 1% % 5 L 7214,
60C CEEN TR 5 T Tl S & il ER % il
EL7z. HE 1020 cm OMIREIZE L S AR,
HXETHENE SN LoD T, HHTIE 0-10 cm
DEREDARE R BONTMROEGEERE, 1~
Ju—237OME, PN (5 WX 154 H,
7 HLERIX1E 99 H) 20 & AR R #EE (FRP,, s g m™
day™") 5 H L7

HIRIZEEIC DWW CIE, A ¥ v — CHUE L 22 H{%%
MIAR 2 BE fE AT~ 7 b 7 = 7 WinRHIZO Pro 2012
(Regent Instruments, Quebec, Canada) % Fi V> CTHEAT L,
B 0-0.2 mm B & U8 0.2-2.0 mm @ 2 BEFE 12551 TR
xR, ZofREIS, BAIREBIUOROER
L7200k & %R R E (Specific Root Length
(SRL) :mg™") &, %% 0.2 mm LT OMARE AR
FI3ED L HA&TH MR EH (Very Fine Root Ratio
(VFRR) : cm em™) 3K 7z MARERE, 2 )
O OEFL T TH 013 mm &\ ) BEfRk % D
LA (B, 1978), AEMARRIC BT 2 WARILA: ST RE
7RV AR AL O E A O FEHE & L 72 (Tanaka-Oda et al.,
2016 ; HF V) &, 2017).
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B, BERTHEBIE L T WHIIE & o XBIAS §ET
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52 2% v F— THEE L 72HIR.
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L7 (2.

3. HrETERMT

AKX & AL X o 135 pH OSFIIEIZ DWW T,
LRSI S ISt E R B 2 o 72, MR HEE,
AR E, IRE, iR ICOW L, 210 7u v
oz, WP 6 HB XU TH) oREL Ty
N (A) PEFTEL, 70y PAICHAER & IRX (B) A%
HY, WHXHNIZEE LA v 70— 23722
DOEFEL (C) #HVWTWAEZ RS, (AB(C) @
nested ANOVA %17 7=, P3R5 & WA EEIC
DWTIE, WL EEOFED A % ERE L7
nested ANOVA %475 72. 3 _XTOMEMHNTICIZR3.3.2
(R Development Core Team, 2016) % H\ 7z,
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1. AKRMEIEIC& 511 pH OZE1L

5 A HEX, 7 AutiRIXICH51 % 9 H o+ pH (13,
FNEN578 + 0.09, 572 + 0.05 TH - 72Dk L
5 ALK, 7 BRI Cld, 22 6.47 + 0.07, 6.52
+0.08 TH-o7z. MIEKIZBWTHEX L) 0.8 5
<, MEREEEIASE - € b Mg H 2 BT % 135 pH X [F
BECTH-7- (B3IX). MEAlaTo 2016 4-5 A 13 HIZ
BlF ARAH O3 pH 14 5.36 = 0.06 TH - 7-.

2. MBRHEBREEOHREICK SMIRMREE &
MR EOE

TERIAT ORER, MIRSRAEIE & AR I oW T
(&, B X OERORR E, ZOMEEH»E
BB ONz (B515). 5 H X ORI R HE
ERAIRFAINIRIX L D bR E o 7278, 7 AKX
Tid, oHRX & e U TR SEEE D2 L1380 5
Nihdporz (B 44). —75, MBTEREORREL, Bl
REHAZ O W TLEEFH DR & 858+ Lt o2 H.
ERAPHFEETH 72000, HRETIE, FEL L
EOAHESEHO AN EETH -7z (F1E).
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%3 FIKFEACLC £ % 13 pH O 2 1L (2016 4 9
H 13 HillsE, ~FI4fE = SE).
*ENE tRE DR, S ULHLX O 1 ]
WCEEREDNSH DT E%FET (p<0.05).

3. Rin L BIREBEDRER

BAROIEEHTT & % 2 R0 kiE, MREEEN%
W5 Bt IX TE WEIAIA S - 720 D, AL R
RHREDH M X BB EI o7z (23, [
BRIC, WHIEREEIL, 7 AR TR W EA D -
b OOFELEVTR L, TRTOUEXTH 40
~ 60% DIIGICHEARDTER STz (552 5R).

BE

AWFEOFER, AIKEEH 6 A) 147> 7235612
(SRR E OIS R o725, B (TH) 1247
A AR IIED 28I/ E BB 4D, AIKKER
DRNARNETFE I TSRO B WHEICHNL T v
LEzZ oz, AIKEIRORES L KL TS
Wk DERIEAL L 72 IR SR ClE, TER O VY T A
B AN L 7235 A IR E MR T 3 2 56 74 v
(Fahey et al., 2016). —J5C, 43 pH @ L5131 pH
TIPS ST Yo E LR R T RRR
(Persson et al., 1989 ; Priha and Smolander, 1994), #R
WCEEX G257V = A ANEL S S DD
D, AIKKEC & o TR ORI T REZ 325 — Ik
BZHEIN L 72T RetE e, BARHIAR 0 2253 R /1 2% &
¥ o 72 W g % A% » % (Haynes and Swift, 1988 ;
Badalucco et al., 1992 Carrino-Kyker et al., 2016). ¥ 7z,
RIFFETHH L7z TAAAIKIE, IV T LRI T 1
VY LBREDLEICEOM, YA IRARTREED
MEILELEA L T D720, SRS X DI
BB oL H S, NS OFR, AT
TIEER DI T T DT DB L 72 & Rk
O, tEhOFHATRERESE NS, BAROM
REOWINZOL N7 EZ N5,

AWFZETlE, MRBRISH T 2 RO R ITEF D

WAL COAR RS NT=AS, 7)) ORMIMRREDS, HrkgHYH
BT 5HI0 4 ARFE0OEANI LI HELH S
(J#I%5, 1978). L7=78->7C, 5 HRKMEKX TR 5

i ORI R S 1L, RO S ENIUE O (R R,
FEARIZ & O TIEFE S L 728 R A b o 72720 &
EZzxoNb, —HT, AEHMTOESE (7H) 1A
JKFEIED R HRNEFRD ST, 7 ) OFHEIA P 115
BB OZALIC IS IRIZFR L ZE 2 57 (B4
M). 7B, AFETHWZA v ra—2a 78T,
Ay a2 M 2 a2 AR TR O VIR A%EEL T &4
v, BIRZ EOLEARY T, BORISKH T S HEEL
&) —ERICHIIR OB EAMRAE S LB Z & 28iE &
T 5 (Joslin and Wolfe, 1999). ARWF7EDH#EF 1,
DX IROYIRTIC & 2 AR RIEHERI A, RHS
WETHEHEFIIBVWTLINEL, EFIIBWTRWT
REMED S B Z L b EET L2 UENDH 5.

A4 v r7u—23 7 NIE L7AIROIEREIZOWT
1, PRI X B HAREO#E W IR0 7205 5 1
WUERIX TRz T ORI BIFR 7% < AR R HAYE IS
mrols (FAK). —#mis, BEEO/NS WL
BERBEANRALR T, 2o—EER (T A M) I
T HRMBEIRE D, BBYIZESZERT 50
L TW5b EEZHNTW5 (Ostonen et al,, 2007 ;
Weemstra etal., 2016). L7225> T, ARWZEDMEFIL,
7 ) DEIIHEEYMET 2BBOESFEIIIS LT, K
IRHEEDEAESR 0.2 mm PLT ORIR A % { A pE LT
WL ERRBETHODEEZ LN KB, SRk
BL72A > 7a— 23 7HIZIIREDR L % 2 EHO
FEIZFTELTBY), 7 HUHEX TIEERA O
WEILPESWEEE D -7 (5E4K). £/, 4 v 70—
A 3T BEREOHRIIKTT 2 2>  GLASIAR R 3 72
FThR L, MREROZHIEIE L T A THEM D
H5.

TR OZIE, TEREAED ORI b
L (Andersson and Nilsson, 2001 ; Taylor and Finlay,
2003), FEICAIKMEALSEZ X % 8 pH O 2 LIZ MR
HEOMME *ZLSELZEMENTV S
(Rousk et al., 2010 ; Rineau and Garbaye, 2009). — /7,
ARWFFECIE, AIKREIEIC X0 3 DWEHIR % < A e
SN, ZORER THEEREEIZ S 2 LA R o7z d 2
b5, BROBEEIIZIL L Theh ol (552
). T OAIKKEIEDSI A TRAR T OFEAL R I 22 L 72
M E D) PIEARBHTH 5%, Rineau and Garbaye (2009)
&, AMERR2S T pH 02 bizx L CHRE O fEH
BT CBERTEMEL 2SRRGB L Twz 2 & %
WELTWA. KFZE T, AR 13 pH o k-
TN LB LD R SN o72hs, 2D L9
WRE OB R I E LT b Ltk v,
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515 UEERY - REACADE - B O@ VAT, MHIRE, RE, SRR RIE TR
A HIHE FfH P1#
AR R R A WU o5 (5 HALBEIX -7 H WLELX) 1 505  0.03*
(mgm™day™) BHMOIE: HALX -k FEX) 1 508  0.03*
CE T oORME (BT - Himt) 1 1.21 0.28
AXB 1 479  0.04*%
AXC 1 0.08 0.78
B xC 1 0.18 0.67
AXBxC 1 0.34 0.57
RS 32
AR A ERREHI OB (5 5 ALELX -7 B ALEEX) 1 14.83  0.00%**
(cm) B iR x5 (FEREIX - xR X) 1 7.65  0.01%*
CH:ELOMR (BB L - HAL) 1 0.28 0.6
AXB 1 759 0.01%*
AXxC 1 0.06 0.8
B xC 1 0.01 0.91
AxXBxC 1 0 1
AR 32
WRE A IR O®) R (5 A ALELX -7 FALELX) 1 1.29 0.27
(mg™) B ML #IH (R - xFHEIX) 1 0 1
CH#ETOME (EBEL - Hint) 1 0.24 0.63
A XB 1 1.35 0.26
AxC 1 0.02 0.90
BxC 1 554  0.03*
AXxBxC 1 0.3 0.6
AR 20
WHREIL A WFREEIOE (5 BALHLX -7 B ALFLX) 1 10.73  0.00**
(cmem™) B HAEOR R (FEIEX - 5 FRX) 1 0.85 0.37
CHELOMR (BB L - Hmt) 1 3.23 0.09
AXB 1 1.38 0.25
AXC 1 0.14 0.71
B xC 1 4.84  0.04%
AxXBxC 1 0.08 0.79
AR 20
R 5 ABXOTH) ORZ270y b (A) OfI, I EHIRIX (B) AL, BRI FHEE LS >
FU—A3T7IZ2HEOEEL (C) AV Twb I EH5, (A (B(C) ® nested ANOVA %177\, ZNENHMOD
BIREAEAEH D S 26 OB E B Lz, *FNE, SO ofR, SRR OFEEERICEELEZNH L &
2T (%, p<0.05; % p<0.01l;** p<0.001). HWRELHEMRELOT =1L, HEFRVIT TIERRIAL 7.

SN, TIEERBEOZM 2L B0 7 ) O

ZHEERCE A T3 S 70\ X ) LK B OFER R fti B =
DO FT 5727280, TOWENAZIL L o720
REED H 5. — T, BN GRS X ) BHRE
BLER AN 9 % F51%> (Bgrja and Nilsen, 2009), £k
MifEf% 4 £ CIREMEEEA WD L Twzb oo, 15
FEETIIER & 57 B RERAE CHRR R R DS P EE &
N5 5 (Taylor and Finlay, 2003). AHiff7ei3%
PHKO 1TEFHROAZTRE LTBY, SHITNW

R OREFE 2 &S H) ANz &) B E 41T
VUEND L, T, WRIHCZAIKOREL, Hi
85 7 A CHIRDP L5 em FBEEDRSEFTLLRA
TWhholz (T—FKER). 7)) OMRITHE.S
10cm FTOWRSIZEPLTHML T2 DD, 4
FBix, X DERWIEE F T4 pH 28 L2 72 A O
REPRE & BRSOV T OIS 22T B 0EED D 5
7259,

B kA2, a—avy  XTIIAMEREREZOZ O
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~ 08
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8
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=
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0
B tERt|amL]E a+|amt/Eat
XTHRX FEAEX THEX HEAE X
5 LB X TANERX

A FMPX B L ORI BT B MRS, #
MR, HAREDB & ORI (CFIfE + SE).
Pt - RS 7o — 2 a7 I L 25
#LOENEIRT.

E2R A rru—AaT7HIBALZROBEEE
RARTEHCE (1 a7 H72 0 OF391E + SE).
JLERREH]  LERIX PR RARERER
5 HALEIX JEALIX 392 + 160.5 45.8 + 11.2
xHEX 220 +108.1 382 = 15.9
7 ARLEEX ALK 118 = 52.3 49.2 + 17.8
AIEIX 170 + 65.9 64.5 + 12.6
WEREE (5 AB L ON7 B) o B X (LXK B X O
[X) DFEIET 5 nested ANOVA #4772\, ZFNENHIOR)
REMAEHOREZRE L2, AEREZ -7

—HETH D M) 27 DOFEFEOI2OIAIKIEAT T
LT ENHDH (Halletal, 2007). WLl bh, HAHE
ATHIFITERLZVEREOBARTIZBEWT M) o
TWFEET LT L SN TEB Y (Kinoshita et al.,
2011), AWFFEORAEMICHEE T2 27 VETH M) 2
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