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WD) OBILZ S FARENA AT AZRH L5
EATOBMA EE THIXNTED ., WENTEBEH
DINA AR AFEHRNT TICEBDH S (HARENA
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3L, WINE AR YELERER - TH
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D, EMHITE 5D UK E RBIAM K Z o R F 6 L
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T D E A F K U@ DER R & ICE KX T8z
Bt UTce HHET, FEREWN TIRED O7E IR %2
BTRWV, BTEGETOREZRCZIS M LT,
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2.1 MRBEIK D HE R AR

AR L AEE KT RO AEET 26 m e / F/K
ICBWT, 2016 3 AN 5 2018 4E 3 AD 2 I H
fehilEzBliaol, B 1BXU2£LT. &
glcdbmERmicd b (ER 25 ~ 32 J8), AWVICEK
AmBiniz2 ApniciE 2z T 2 Fig D 2N
ZTNORBKICIE G / FHKks0 AT OGS Y
Oy hE4HFRTOREL, BERERHTZ 7oy
FEEH LRIy T ORE L, AT
400 Rz B R AR L UTes WS D/ MEA D B 7%
BMEOEDOIEEBRNL T, 2RICBEBXLZ 10 mX20 m
DOFFAICINE 2 X 51T H WIS U 50 k7% 58 A
T1 7y heUllk, BiEdT 270y MEEWIZ 10 m
FEEEL, RUHBKND 4 D07 ay MMIpmoK
SERANCEE Lz, D/ FHRIGEEBRBIAA D 2016
FICBOWTTHEETH >N, 2RI NICKBEE
DI HERE ORI 2 SN, [AEEK 720 TRERRE
NTVaEYy WEREEBXZ 3,000 K ha)s VIO
ABRKIC BN TE, TEAEMEEO/RMAR L (LU
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Site 1
Plot 1-1

Plot 2-1

100 m

Fig. 1. MAEHIOMIES K TRERIX - 71y T OfdiE,
E - HIE BRI X 2 & L ICfER, HikED Tmy b
I, KED T Ty MMEKH 2R,
Map of study sites and plots.
Based on the geographical map published by the
Geospatial Information Authority of Japan. White plot,
control; gray plot, ash application.

XO851976) THO, FEMELLTY I VR, AV R,
AAF, XIVT, BERUOAFIENERL TV, #H
A 56N 10 km BN 72 A SIS BIIIAT T ORLERIC
I, FPFESKERB X CERBRKEDNEIC, P4 f
T 163 CH KT 2,669.2 mm, 2016 FTIE 172 CH &K
O 3,225.5 mm, 2017 £ TliE 16.1 CH X T 2,635.5 mm
THole (KHIT 2018),

2016 £ 3 A 14 A A 5 15 HICZGIE O 1 ZHE
B 10200 7ay b (1-2, 1-4) 1B 5K
fiF. 2017 FE[E I 2 B H OV A4 XRE & BRI 1
204Dy b (1-2, 1-4, 2-2, 2-4) IZBIF B K
i ZEBimot, oD4 Ty (1-1, 1-3, 2-1,
2-3) W —EL RN 2 AT AR E Uz, @
DOEERICOVTIE, /FRAEM > TEIRMIC
0.1mm %A T2 [\WE L THEEmZzREH LUz, e
DVWTWRHIEEEM > Tl emZATHELE, VT
NOEE, HUVIL (K) 18 gZkEHITBLolce /
FEAD 20 1.0 kg DBBERZ . e ORHE EANC R
T 30em 1E EDLHIURICH Nz, AV T LDEBX

AR DV TR W (1971) ZSFIIRE L T,
mfid 7z D DKMIFHRICHE T 5L 25Mgha' 1ZE &
%, 20183 H 6 AN S 7 FICIZ 3 BHEHDY A Xl
EZB kol WITNOY A RMWMEICHZ>TH,
HENC FEMOD BB TR o7z, 2016 4 3 H A BIAR
ROMEEY A Xid, BB 1B T EER 16.6L
4.9 mm, i 233+34 cm (P £SD, n = 200), a5k
R2ICBWTENZEN228E7.1 mm, 276F44cm (n=
200) 75D, BREX 2 DIZ S B RKENS T2,

2.2 MBIK DS & A H R

TR UBSEE. (R ) —> 3 )bF—
BFgeir GEMIREEMH) ONA A AFKERICEOT
AF - b/ F ORI —EREEDFEAR T EREINA
FRADIH P L THTENTZE DT, ZORDIE
PR OB, K. BXUHEORSIERICK D EH
T %, ARRBICHT U7z 2016 £ 1 HARICEL SN
ZEDT, FIK, VRV VIR, BERURIKD6:1:3
TOREMTH > o TORBTTRREIRE V- T2
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AKICELTHINT 2RO AT LERALTVWS
TeDRBEIR D EE T IKRIE 26 % TH O, YD
AT L (Ca0) 12 %, A1V T L (K0) 2.8 %,
EHIRFE19 %, T2 7L (MgO) 1.8 %, U Vg
(P,0s) 085 %, BIUZEE001 % AKiiTholz (7
) — YT 3)VF—RATOMRIEIC X B HEBRLT 7/
U —FFN, 201642 H3 H), sAEHOE KL /
FHICHE T % £ TORM., BPERIE S o8
kg $DO/NFIFIC LTHRE I N,

fili FH U 72 BRBEIR D BB IC & - TR T % 0 D
G 228, IR SRS 2 EERR S OJEE
Ak NTe, TOBEMEBRICE e S FHRTHIF L 72
ED LA —DRBEIRZMEH Uz WE6ecm DT 7+
—Hlo— McAMZBE. BmERED 72 0 0=
TOMAEBELZRREEEDKIIC 143 g DIKZ A
N, 207 T &I 5 mL O®EKIKEINZ THRE Fic X
DAk ZEI LTz, &EF 50 mL Ok & bz 7z K
T GRBRBHGR N S 3 BERTRGE) . s |2 W TIAH
WAEREUWN Uz, TOEMERZ 1 HIC 3 [EHEKE L T,
3HMETHERM L TAHERZHFEL 2o A RO —H
ZMi> T pH L EXURER (EC) ZWE Lz, 8D D
BHEZ 045yum DAY T LY T 4 )V Z—TAHl L,
MERBEICHR L%, Ay r7ux T 57k
I & H Na', NH,, Ca™", Mg”", K, Cl. SO/, NO, .
BXU PO, OEEREE L% (ICS-1600-cation/2100-
anion, Thermo Fisher Scientific #), Z D&%k T DMK
OFMEE X, 5.9 mm h' OFE/KEICHYET 2 (3 BEH
T 17.7 mm),

2.3 fREHEMT

TR O BEOFRRTHPEATZE D, [A5HDEHIC
KO RELMOIRENZE D, BRUTHLMIC
HN2EDEBRWT, Tay hH7ED 42 K05 49 A
(46.1£2.1 AR, ¥y £SD) ZRATORMGE Uiz, B
BXUBEICOWT, 1 FHBXU 2 FHDEMKE
BRI U, WHADBARDOKEICE KT wEE
Metd 2729, KRR ORE (A, 1F720 1 m
DN, 2 i 2 W OfEH) 2 EEMHR. FHEF -
v/ FEEK s Tay b B OBENNE T R L
EBRUTVALYR LT HMVESHRET V2,
EREBEOZNZFNOEMKERICH TEDTZ, T
TTHBTORRELTVE DI, BRI DOWVT 14E
HE2FHICZENZThEH SN2 ER LB & OF
RERTHZ, FVALEHELT VX LYK O/,
HHZVRTVRLYUFREIEESETIVEEL T,
AICOXD/NEVETIVEFRHA LR, BATNZET
WIZDWT, KIHDOBEEMRZzZCHEEETEEWL
BHEELER U T LERMEZB RV, WKEHOR)
RICOWTHEM.ZMET Uz, MEHRATICIE., R 3.5.0
(R Core Team 2018) 35 & U ImerTest 3.0-1 (Kuznetsova
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etal. 2017) Z{HH L 7z,
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M O RZH O CEHEE XU E O£
REROBE N E LTI OB L IcRT &
Fig. 2 BXU3 DEIICHR B, FHERKERDFY
fllk, MEQLEE, 1 4EZU 1 mofEH (BUR. 1ERAD.
BXU2ER 2 MO (LAF. 2 kA O
JIEIC, 11.0£2.9 mm (£SD). 10.1£3.0 mm. B & T
82123 mm &£7& 0., JRMAOEIHMNIEZ %2 L ER
METF L7 (Fig. 2)o BEHREICDWTHIEIC, 61L
17 em, 54421 ecm, BX T 43+E19em &/a D, EHFEE
ARt DM Z R Uiz (Fig. 3), MIBRAMRETIVIC
KBMMTTIE, BHE - B&E e BICIKEHZEEM R E
LT, B/l oy b - dBROEDNET
XL T2 ET IV R E N, HEFOBEHAL
B VALMRE L THAAZ RO AD X DY) EE
FIVEHEE Nz, IR e/ FERERDFER D
BEEEERICEEL (7 (1) =206,p=33e"). 14
[l ¥ X U2 FHE I & S ICHRBDAAaDMHEICK S
TEMNRENT (Table Do T DH, &ARDTYT
10.77+£0.88 mmy ' DFEMERRERNMHHFEI NS &
TA, 1 EH T 0.704£0.20 mm, 2 FEHEEEH T
13115028 mm DR ERBIK FNB T % LRE Nz, Ak
BRSOV TR 3R s i R RIS L (y° (D
=349, p=27¢"), 1 AL XU 2 FlkiHHE I
BBV EDMEICE S T ENRE NI (Table 2), T 7%
bbb, DT T 62.14£2.0 cmy ' OERMIBHEKES
MAFENS LT A, LFMATE 100221 cm, 2
HHEE T Tl 18.1£3.0 cm DRERE FAB T % &R
TNz TNHORERNS, MEELE - B e & ICK
FEFAMN 1 EZTERERBOEK RN O, 2 Fiif
LTHiIAL7ZEBICIERENXIOREETFT SR &
MRENTz,

Table 3 ICVAMHAB O R Z R U Tz, IEHIED pH &
1 HOBEHMNS 9 [ HE TTRTHENTIVA UM CF
384 ~9.0, /81, mAK93) ZmL¥, ECICD
WL 1 HIIE7.20£0.77 mS em ' CEYI{E £SD, n=5)
EIERICE D T, 2 FIHIZ 091011 mSem ' &%
DIEBEBOBLZETDD 1 &ix>lz, TD%. ECD
TR sEIEHDSE 03 mS ecm ' 2 RlEl - 7z,
1A HOEHE R REDN S > T2DE A1) v LR
WE. FMITL, BRXUANVYTLTHD, &I
AV T LEREE 1,500 mg L' %2, #1800 mgL!
A, TNHORDOWEINTNE, 21HLYL
BRI R o7, TVEZULAA VIR E
Nizh-oiz,

Fladt & LT, JEMcRm L7z 18 (0~
10 cm) DJEFZMIE 10 g1 1 [ H OB HIRDO — 10 mL
(pH 8.9, EC 6.64 mS em ") Z WA 5 77 O FHiE %< i
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Fig. 2. fiiin & / FADERMFIFE IR R, a) MAVPROMELPL, b) 1 454, B KT o) 2 HEdipifi] .
MERAUI T ZERT, a) 7 ay b 1-1, 13, 2-1, 23D 1 FHE 2HEH, BXU 22, 24
DI1EH. by 7my b 12, 1-4D149H, BXU 22, 24D 24EH, BXU o) X7y b
12, 14 D2HEHDT =N 575%,

Annual diameter increment of young hinoki cypress trees: a) control, b) single-year application,
and c) two-year serial application of the combustion ash.

Vertical bold lines indicate the mean values. Data of a) come from plots 1-1, 1-3, 2-1, and 2-3 in the first
and second years, and plots 2-2 and 2-4 in the first year; b) from plots 1-2 and 1-4 in the first year, and
plots 2-2 and 2-4 in the second year; and c) from plots 1-2 and 1-4 in the second year.
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Fig. 3. fifin &/ FAADERB SRR R, a) BPUROBELPL, b) 1 45T, 35 KT o) 2 HEMbehi .
MERARTTER LT, T—ZDFEHIC DV T Fig. 2. 5 0H,
Annual height increment of young hinoki cypress trees: a) control, b) single-year application, and
¢) two-year serial application of the combustion ash.
Vertical bold lines indicate the mean values. See Fig. 2. for the details of data.
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Table 1. ABEXAEHIC & 275 & / FIADAER FEEE R (mm) 109 258 —
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BB EAIRETIVC X B b 1

Effects of the combustion ash application on the annual diameter increment (mm) of young hinoki cypress trees

— results of the linear mixed-effects model analysis

Fixed effect Estimate Standard error df t value P
Intercept 10.77 0.88 2.02 12.10 6.4¢”
Single-year application —-0.70 0.20 208.8 -3.51 5.0¢™
Two-year serial application -1.31 0.28 208.8 —4.62 6.7¢"°
Random effect Variance Standard deviation
Tree individual (intercept) 4.52 2.13
Plot (intercept) 0.26 0.51
Site (intercept) 1.48 1.21
Residual 2.11 1.45

Observations, 738; tree individual, 369; plot, 8; site, 2

Table 2. ¥ABEIKAEMIC & % #ii &/ A MBS R A (cm) ISH9 2558 — BUBIROIIRE 7IHUIC & 2 Hhi R

Effects of the combustion ash application on the annual height increment (cm) of young hinoki cypress trees

— results of the linear mixed-effects model analysis

Fixed effect Estimate Standard error df t value P
Intercept 62.1 2.0 2.57 30.90 2.2¢™
Single-year application —-10.0 2.1 69.3 —4.72 1.2¢7
Two-year serial application —-18.1 3.0 69.4 —6.11 5.2¢"
Random effect Variance Standard deviation
Tree individual (intercept) 34.8 5.9
Plot (intercept) 15.5 3.9
Site (intercept) 1.9 1.4
Residual 288.7 17.0

Observations, 738; tree individual, 369; plot, 8; site, 2

AFVIKISmL ZINZA Tz T A, pH4AS5 Lixoiz, [H
BRI, MEZH IS BiA A 2k 25 mL 2 2 A 7256
WX pH 4.7 £ x5 e T OHDRBEIRTIA I DR T
WAVEN, &/ FOMEBRTICEREICHEE L A6
HEFEWEEZ SN, —77. TS OREHCi A
VKZEHIC2SmITOMATECZJELIEET A
(50ml DIEW 2 E) . IR & i1 A > okz A Tz
AT 117 mS em 'L A A K 2N & Te sk
Tl 0.06 mScem' Thol, TOT AL, HEHD
THOE & D ECHHIENED/NEW—TT, BBERTE
HRDOBMIC K> TECHEMRKELS LFHT ST AR
TNz,

WRBEIR D B DA E YDA E L T 287 TH
5—TC, WHEAA YO LBPRENETES L,
JAOIREE LFIC K 2 KU O S >R RN O 1
FGEHELAICKZEGTHRENB S OSAK 1998),
TAEF S U LA OSEREN AR AR R F T 52
WKOWTOHERIZIZEAERNEDD, ZEEEAR
DKM EE DB T (Prunella vulgaris, ¥ £, K
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BEOHV Y LIKEZRET 2EDDEEE (KCI
40mM, 51V 7 L 1,564 mg L ICHY) Tl R E D P
EN7z (Chen et al. 2013), T DX, RikRic B
%1 EHOEHRO A T LEE (1,7229 mg L) &
[ VA 5, R OEN T, 2016 F TIE X
M O3 H%D3 H 18 HIC 60 mm 17 k' (17 B[S ¢
60mm)., 2017 FETIKfEHD s HiZD 3 A20 HD 5
21 HIZHF T 145 mm 17 h' DFFKDH - 7z (PR
LSBT, KSIT 2018), FHEHIC BV T E KIS K
STHHRBRENU XS IS @EEOEENRE HEIC
WHHL, HEARNOEHOFHMBIAHTHZE DD,
tiint / FORERZIK NS LGN D %,

11T Y RIS A A = ZRBE R 72 i U R i
NOEEN N> T ZHETIE (TS 2011, K
M- EJI2012), kD 720 0P 2 10 5 g H
535gbihThrlbic, HIRELREAGET SR E
O Z LTz, UL, BRI ZUE T 2 HINT
MHICHAT 25 51E, HHEEOE L E-> BT
LT ETZIRENRD A9, THIKE, AilrT
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Table 3. MU A HAAERIC X O BURD STAI S NTc A & 2 RO IR

Ionic component concentration of eluate from the combustion ash from the repetitive leaching test using ultrapure water

Number EC Na' NH," Ca* Mg cr NO, SO;> PO
of times of  pH
leaching (mS cm) (mg L™
Dav 1 1 8.8 7.20 222.9 17229  161.1 26.9 885.1 11.4 1771.5
a n
Y (0.0) (0.77) (17.9) (184.9) (15.1) (1.6) (64.3) (3.3) (1844
ond 9.0 0.91 23.5 d 196.5 17.7 3.0 324 0.6 221.7 d
n n
0.2) (0.11) (3.6) (20.2) 4.7) (0.7) (10.8) (0.2) (30.3)
g 9.0 0.51 11.4 d 102.6 13.2 2.3 8.5 0.4 108.6 0.1
n
0.2) (0.10) (1.7) (15.8) (3.4) (0.6) (3.9) (0.2) (28.6) (0.1)
" 8.5 0.52 15.6 107.5 12.9 4.3 15.7 1.3 104.8 0.2
Day 2 4 nd
0.3) (0.06) (1.6) (11.1) (2.3) (0.6) (1.7) (0.4) (21.6) (0.1)
ot 8.6 0.25 6.4 d 53.4 8.5 2.2 0.9 1.9 36.7 0.4
n
0.3) (0.02) (0.6) 5.9 (1.7) (0.3) 0.4) (0.3) (12.3)  (0.1)
6" 8.4 0.19 3.9 d 36.2 7.5 1.5 0.5 1.5 18.2 0.4
n
0.4) (0.01) (0.4) 2.7 (0.8) (0.2) (0.3) (0.3) 6.6) (0.2)
" 8.5 0.25 5.0 44.8 10.8 2.9 1.3 1.2 25.3 0.2
Day 3 7 nd
0.2) (0.02) (0.3) 2.4) (1.6) (0.2) (0.3) (0.3) (10.2) (0.2)
gt 8.5 0.17 2.8 d 29.2 8.8 2.0 0.3 1.3 12.9 0.5
n
0.3) (0.01) 0.1) (1.9) (1.0) (0.0) (0.1) (0.3) 6.0) (0.2)
o 8.7 0.15 2.1 nd 242 8.9 1.7 0.2 1.1 10.2 0.4
(0.3) (0.01) (0.1) (1.4) (1.5) (0.7) (0.1) (0.3) 6.7) (0.2)

nd, B E 3 not detected

A ORISR A2 2K 9 (n=5). 5 mL OEHIKZ 20 7 T &l — FINORBEIK (14.3 g) IChn A, /K% 50 mL

QT Eiciatikz | LTt LTz,

The numbers in parentheses show standard deviation (n = 5). Ultrapure water (5 mL) was added to the combustion ash (14.3 g) in a
Buchner funnel every 20 minutes. A total of 50 mL of ultrapure water was added before each eluate was analyzed.
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P E N2 BREIC I D EZ RIS > THBD . &I
&I SIS ZF O K FMHUICHEA U 72358 1 id ARG R
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An application test of combustion ash from a woody biomass
power generator to a young hinoki cypress plantation

Tatsuya OTANI ""and Hisao SAKATI"

Abstract

We applied combustion ash from a woody biomass power generator to a young hinoki cypress plantation
(Chamaecyparis obtusa, 1 kg of ash per tree per year) in the southwestern part of Shikoku Island, Japan, and we
monitored the annual diameter and height growth for two years. Linear mixed-effects models indicated that the ash
application decreased annual increment of stem diameter and tree height, and the two-year serial ash application
lowered the annual tree growth more than the single-year ash application. The results of the laboratory leaching
test suggested that a high concentration of K, SO,”, and Cl was leached from the combustion ash during the
first rainfall, and the highly concentrated eluate might effect on the growth of the young hinoki cypress. The ash
application to conifer plantations should be considered to determine the ash amount that influences tree growth and
the use of the scattering technique.

Key words : chlorine, growth inhibition, potassium, stem diameter, tree height
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