The attempt to afforest in the desertificated soils
using coal ashes in the case of Inner Mongolia,
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Masumi MITSUNO* **, Kazue TAZAKI* and Hirotoshi SuGaNuMa*** : The attempt to
afforest in the desertificated soils using coal ashes in the case of Inner Mongolia, China

ABSTRACT :China has been suffering from two environmental issues of the
desertification and coal ash (residue after combustion of coal). The pot planting
experiments were performed in order to examine the application of coal ash to
afforest in desertificated areas. Four soils (desertificated soil, sand, Akadama and
Kanuma) and three coal ashes (Chinese coal ash, clinker ash and fly ash) were
mixed with various combinations and rates in pots, which the four kinds of plants
were planted. The following observations and analyses were carried out about
plants and soils in pots; mineralogical, physical and chemical analyses of soils, the
rate of growth, observation of plants (up ground and underground parts),
cultivation of soil microbes, and chemical composition of leaves. The results
indicated that the plants in coal ash (especially clinker ash 100%) and soils added
coal ash grew up very well with developed roots and root hairs. The K and P
contents in leaves were high in case of mixture of soils and coal ash. The results of
cultivation experiment in media showed that the soil microbes (bacteria,
actinomycetes and fungi) multiplied in case of pots with clinker ash. The clinker
ash provides the microbes with water and living site because of porous structure
with numerous cavities. The microbes multiplied around the plant roots form the
mycorrhizas. The nutrient absorption increases into plant thorough the
mycorrhizas. This study shows the possibility that addition of coal ash (clinker ash)
into soils might be effect on afforestation in desertificated soils as remediation.

Key words: Afforestation, China, Clinker ash, Coal ash, Desertification, Fly ash,
Remediation, Soil microbes.
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D2T% VBRI ED B WVIEWEML L TWwE k- & 1999), WEILHBOBEED O,
NI TEHELRENEN, HMHRRPLER, BEMOERLR AR TENEONTES (BNY
BAFZERT 1979 ; Bk 1996 ; HEF 1997 ; Matsumoto and Haper 1997 ; B 2001), T
LHERSROLMRETH S L ENDD, ERICIIWEBADOEARDEERIIE L, BlLizg

Lvy (FJ 1998) 6

REOD ) —ODREMBEIE, ARBBECLIEEN THLAKIK (coal ash) THE, B
EM00F P b ORRIKVHEH &R, F0) L 6ELUERFBEEI AT IHRFEZIATVS
(Manz 1997), %@ LESEVA2LFRICEEVEF > THELAFELFIEREI L, AREE
EbMIELE Lo TWD, HRIZBWCARIKOFIRIZ, 2> 7)) —F - X ¥ MNEAM, BH
HREFITARBERSHE IO TELD, BENOFRASRFEHET > T A EWE 1993, 1999
b BEHMHS  HET7I747 v vaths 20000, Lo LHREANOILESIIED T 7%
I EL A O LB R AT BE9E LR L ERE G,

Z I TAEIIBWT, ARKE PEACHIEA R ITS 72008 L LTFHATE 20H
REFTAHIELHFEMNE LTHY MEBRERYTo 72, HPWOREEDOHUESCHEYFOBE, -
BHAEYOERELITV, ARKFBOTREII DV TR 2T 72O THET 5o

BB LUFE

Ky MERERICERLU L8, AR, #Y
Ry MEFERTIE, TB4EHEARKIEELHEAGY LRELEEITHEy MIARN, 4
BEOEW LRz, FHLEE, PENEY IVERRKLEN TERLWELLE, &—
At?ﬁ’—’f‘@%fﬁﬁﬂt LTHELNTVBE, FEL, BBLO4IEETHL, AKX
BETORGHH» S P SR ARK (BEARKKE KL, HEI10-1000 um), LEE
73’{: kBﬂ)\j}%%Fﬁf]‘%ﬁFﬁj’éﬂf‘ ATy ¥ (0.5-15mm) £7747 v a2 (10
—100 um) (& ICHRKOHEE) # Ava7ze 2 20K 75 (Populus spp.), V7 ¥ (Rhododendron
indicum), ‘*ﬂ“'*ff/ﬁ(Camellza sasanqua) DR LEEEKEZ, T35 T (Quercus serrata) D&%
B, TR LRy b (HIR - #Y) O—% % Table 1 IR, MFITROR LEOZEER
Bi@Br#F, BF5512cm, VY Vbem, ¥FrH 7em T, BIZEAKEORE THo7, 2F
TORBIIRLERCKESLESPE L LAL), THOLOERATERIIHA VA, IH
T, oY, B3 AIF20006E 9 A, T+ 7132000108, K7 71320014 4 RiZfTo 7,

EALE - BRROHY, LEFEORE

FRIBLARKOEYAAE L, XAHKEINEE (XRD : BFEKE RINTI2008 L O
2100) W& D EIE L. BIEWE CuKa %2 VW CEE40kV, B30 mA TITo 7. EHMRA
BOGHIZIE, BOTBEEBNT2um UTORES* B L2230 RXT74 FH T AILE
L, BRECHE L,

TEEARIKOBKN % EFMT 72012, Fig. 1—ADEBZHVW Tk HIE L2, T
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Table 1. Ratio of soils and coal ashes for pot planting experiments with number of plants.

Mixture rate of scils in pots (%) Number of plants (number of pots)
‘ T
Symbols . . : Japanese Azalea Sasanqua
4 Chnﬁ;‘er Fly ash Ch]Tes; | Sand Desertxf[i cated Akadama | Kanuma Poplar | oak (Quercus |(Rhododendr| (Cameliia
as coal asl soils {Populus Spp.)! serrata) on indicum) | sasanqua)
S-100 0 100 4(4) 6(2)
Se~10 10 90 44 6 (2)
Sc-25 25 75 4(4) 6(2)
Sc-50 50 50 4(4) 6(2)
Se-75 75 25 4(4) 6(2)
C-100 100 4(4) 6 (2)
Sf-10 10 90 4(4) 6(2)
Sf-25 : 25, 75 4(4 6(2)
S50 i 50 50 4(4) 6(2)
Scf-10 10 10 80 4(4) 6(2)
Scf-25 25 25 50 4(4) 6(2)
CF-50 50 50 4(4) 6(2)
L-100 . 0 100 2(2)
Le-20 20 801 2(2)
Lc-40 40 60, 2(2)
Lc-60 60 40 2(2)
Lc-80 80 20 2(2)
A-100 0 ; 100 4(4) 8(2)
Ac-5 5 : : 95 4(4) 8(2)
Ac-10 10 90 4{4) 8(2)
Ac-15 15 . i : 85 4{4) 8(2)
Ac-20 2o| 80 4(8) 8(2)
Af-5 5 : 95 4(4 8(2)
Af-10 : 10 90 4(4) 8(2)
K-100 0 100 8(2)
Ke-5 5 95 B(2)
Ke-10 10 90 8(2)
Ke-15 15 - 85 8(2)
Ke-20 20 80 8(2)
Ke-30 30 70 8(2)
Kf-5 5 95 8(2)
Kf-10 ; 10 ; 80 ; 8 (2
Total numbers 86 (86) | 72 (24) 64 (186) 56 (14)

S; sand, L; desertificated soil, A; Akadama soil, K; Kanuma soil, C and ¢; clinker ash, F and f: fly ash.

BB S 7300 g2 BB AKI00 ml R4 ITHEE, BIREDPHAKSUM L2k, HHO

BEYUEL TREFICRBINIKGSELER L, £BI3ER (25C) PIZ4HEREL,
FHOBEEQHUZEXERIT) 2 &i12L ), HIEHOKGEORLERN, KHBIZBITS L
BrhoKGEY Fig. 1-B IR L7, BRICOWTIIERT 5,

TEEARKRGOEETEY, TALF—SHBEE X #5457 (ED-XRF | BAET# JSM
-3201) 12 & WiEIE L7, EIEI: Rh-Ka i E BT, BE30KV TV, FP—3L 7LD
LEBOWEIT o7 IEERARKIZBEBZIHERICL THEERTo /2. T7RE, EF, i

SHBE% NCSTTESHERE (722 NA2500) 2BV TEEDH L7,

pH, EC &3#atdRR1 4

THEEARKEZL0gIA LEZ A ml 202, LHEBLTCIBERER, pHA—%—
(HORIBA, D-12) # BT L&A D pH % #IE L7z, 7 H8 L HIRIKIO0 giox) LR K50
ml #h0%, FABIC L TESEEE EC % EC #—#% — (HORIBA, ES-12) THllE L7

T L ARIKOZTHNE Nat & KYEEIIFERE7 v T AMBHRICAEREERIC LY, I
ASHME Ca®t e Mg BB IX 7 L — AR THRNREET, TNENEESH 4T o 70 MOHT
EbbA a—BFITEHSAS-727% AT, KL Na*t(589.0nm), K*(766.4 nm), Ca®*
(422.6 nm), Mg?*(285.2nm) T& 5,
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Fig. 1. Measurement of water mass in soils.
[A] Experimental water system, [B] Mass of water vs. aging time
compared with five different materials within 14 days.

ARROFAEEORE

TR ATy Y a L BEARIKFOSILVERFOREISHT AMLOEEE, £EH
EFEMETECACCHE L, 1HTFH»-)o&LILBEERr 65T L CHEE/NMLEMELE L,
ERERITT SBBE/MLER T IIEREEER L,



Annual Report of Botanic Garden, Faculty of Science, Kanazawa Univ. No. 25, 2002 33

EYDORREDHRE
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oo BT TEAFFIIONTIEEY M2 5IRE, BOBEEIRES EL 720

ROXSYBEHERE S LOEEREFEMBEHE (SEM)

Ey Mh SRV RTIE 55D %, DAPIL (4’6-diamido- 2 -phenylindole) THf %,
WO T BB & UESTHOEEEMSE (NIKON Optiphoto-2) W TEE L, BB LU#
DORDOWINERE L, ERETHEME(SEM | HARETFE  JSM-5200LV, M#HEELSkV)
EHOWTBREL,

TIEMEYDOEE

Ry NAOLERMEY Y 2EEOEMEHCTERE L, FASRIE, 77U 7 LRERE
BT V73 o8# (BRIHM, HFWRELME), RRERICe - A vEE# (%8 H
B, FREIME) Thb, HER oo —Hrik&l .

BEOEERTOFEEES
HEHOEFDOEHFTHES ED-XRF (Rh-Koa#, 30kV, FP-/N\L7ik) 1L Y FEETITL
7. BAMERLETHEL, FHEEZRO.

L ES

FRALIEEARROGLYESE, {L2HEMK, pH, EC EXHBMER1C 4 ORAE

Ry MERERTHEHL/ATEB L OARKOEYHEELEIIDNT, XRD THHFL-HER
% Table 2 1ZR ¥, FTEHMUEICBNT, BEALBELEDEIAEORHF»EL, HURERAHE
ORGLBO LN FELTIIAR, RAEOMICBMLSORFFRDO LN, BBL TN
ASGAVHHL T K- s RREENLZ 0, EREYWEHOHFEN RSN, T2
SHEEOAGRIKIEVTNL AT 4 POREDHES, ROTHE, BitHsLEOLN, 74
Mo TV, RIZ2um BLFOEHMEIC L BHE TR, DELHBESTREDRCK
Stoftiz, o —2sbBo o,
FRLZIEBIURERKOKFIEOHEHERL, Fig.1-BIlRd, BIENI4HBEZHEL
TER7IAT vy 20KGENEL, ROTEEARIKVENP -7, T2, BOKFEIRE
s @BECRLEL o7, E512, BLREZVVHIT v 23K THEDFEALLKET
CIETL, 9B TCOXRSERIBICROTERWETH » 7. LA LIOHBLREIZIE, Ko
ERVOBES® LR o0l BRIV AT v vadXaEld, UABIZLRB 7747
PaDRIIEBWEL R Y, ERETRAESE VI EEREL,



3 SRAFEFHDHEMEWESR 5255

Table 2. Mineral components of utilized materials for pot planting experiments.

Sample style Bulk <2 H4m
© ' o
gle o @ Clw
s EHIRPRELR: 3|T
123 Ry 7] L »n| ®
MBI R I E R E R IR I R I R R R
tlal5|l S ElBl2|2 =33 E|82|BlalElE E 2 EL
Sample name gla 0|2 =€l % IR AR =S| 8o ol% note
31T w| 3w g £le|8ls|glsld 23 gl alelS a2l s A
= c
GlE° &Ela|T|E(<|E 22 8|75 8|5 Wk
=" [} o
S| = &= S|
= =
Clinker ash sl—|tr|=|-|-|-{~|=|trlw] —| —| s [not performed
Fly ash mi-|tri-|~-|- |- |w|tr| - s |not performed
Chinese coalash |[s|w|{w|—-|-|-|w!—-{~|m|~-|-|m] s |not performed
Sand s|w|=(tritr|tri—|—-|—-|tr{tr|—| - |- |wW|s|w|trls|tri—)—
Desertificated soils [ s |w|w/tr|tritri —|w | w|tr|tr|tr|—| - |m|m|m|s|s|m|~|tr
Akadama simitri—1-1-|-|—-|=-Im/wl—|—-|-|-1-{-|-|wls|—|~-
Kanuma tris{—|-|-|-|-|-|-itrlw|]—|—-|—-|wl|l-|w{m|-|w]|w]| —| withbroad peak

* Characters in this table indicate the intensity of the minerals.
s: strong, m: middle, w: weak, tr:trace, —: not detected.

Kz, HEB L URRIKD, (L2EK, pH, EC B L UHMERE A 4 v ORI £ %, Table 3
WZRd o EHFIESIOE Al:O3TH 505, WiEALTIETIE CaO Y, 72k E LTI Fe20s
BEV, RICBBEARKICEEENHNOI LSV, MOARK (EBZV VAT vva
ELRBT7IAT vV a) Tl ~2%EEV, ZRIEFRS 7 -HNOBRBRED, RETELL
RTEVIOLEZONSE REFEMBE - HEK7 747 v aBhs 20000, F72iEtt
BRDO2%DCUE, EETLANYA b CaCOsiZEET A EBMEORETHL LEX LN,
pHITERZV VAT v v ads11.7, B4%9.3, WELLELR. 9L T VA EHERLIZ, 2D
MORE D pH IZIZIZFHTH B, HMERE 1 4 > Ca2* DEIFMD A 4~ (Na*t, K¥, Mg?*)
WHBLCEWEEZRL, HFICHELLIEL 75147 v aTCaltiddmhroi,

Table 3. Chemical composition and exchangeable cations of utilized materials for
pot planting experiments.

Soils MgO AlLO; Si0, P,04 SO, K0 Ca0 Ti0, VO, MnO Fe,0; SrO ZrO
Clinker ash 0.9 14.8 47.8 0.7 - 3.1 8.3 2.7 0.1 0.3 20.9 03 03
Fly ash - 16.7 572 1.4 - 45 45 3.3 0.2 - 117 02 02
Chinese coal ash 0.1 264 424 1.0 1.2 2.1 7.9 33 tr 0.2 152 0.1 -
Sand 09 105 598 09 - 9.9 53 1.2 tr 0.3 11.2 - -
Desertificated soils 1.5 77 361 03 - 55 311 1.7 tr 0.2 1556 03 01
Akadama 04 230 231 0.7 - 2.6 1.2 23 0.1 0.8 33.1 - -
Kanuma - 305 495 1.1 - 22 4.6 1.2 tr 0.3 10.8 - -
+ + 2+ 2+ (Wt %)
Soils C(wt %)N pH (mSE/cc):m) (cr:Joall/kg) (cml:I/kg) (cr’\:ogl/kg) (cr?(j/kg)
Clinker ash 102 003 | 11.7 0.05 0.15 0.06 0.34 2.29
Fly ash 1.97 0.03 7.8 1.47 0.55 0.34 153 16.52
Chinese coal ash | 8.93 0.13 8.6 0.32 0.32 0.12 1.19 9.64 | tr:trace
Sand 0.23 0.01 9.3 0.05 * * * * - : not detected
Desertificated soils| 2.01  0.06 8.9 0.07 0.10 0.38 1.23 3376 | * : not performed
Akadama 092 0.08 59 0.03 0.10 0.30 0.30 0.61 | pH : soil 5g + distillated water 12.5 ml
Kanuma 020 001 6.1 0.02 0.12 0.07 0.17 0.52 | EC: soil 5g + distillated water 25 ml
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TRV A7 v vabBlPAERKIK ¢@§ﬂgh?®%@$%@mbto¢%#§@ﬁ
KEDLEETH IR (EXERICHTA2HEBENMEBOES) BEEZV AT v
T21.1~46.9%, LHEHAKIKT37.1~54.3% TH y , FIHEIZZNEN33.1% £49.0% TH - 720

HEYDEREDBE

Ry MERERIOR Y MERERIIB IS A BHEOMYORERR (E&3FKo7-HE, #h
HBOPHOE S, EOFHOWE) O—&% Tabled 2R T, F7:20014€ 7 A TORT T (FEf
F3#r A% ot 7 (ELE9» Atk OMRIRER, Fig. 218§, B100%DF v +TIE
4ERDORT T ETHREMT 3 BRICEMIB LD, 2077 v 2100%%7 7 150% -

) H0%DLDE, 47 AETLETEERIBRRDEH THhorz, AKIZIF FIZ00
Th, W% TIZO6ERFARIMILL, EEHoT-2RIENERELLD, 7 2 AB%%
100%DBDTEHETICEEL B0 2 UV HT7 v 20REERE, EHFEEB I UH
FROFEHDOFE L OB % Fig. 3108 T, K720 TEZ) v AT v aDREEDN
BV EEFERIEL, o, FHOBSIE kA HAMXE N (Fig.3—A) 2+ 7D
EHERIZOWTHIRIZRABOERVSR S N T B EE~NERIKERET A2 EICLD,
RTSOREIIRE SN BERA A SN (Tabled DR 75, L-100~Lc-80)s vV V¥, #
FoHESHBIBENI ) VAT v Va2 ZiBRETAHIELIILY, EFROLEAIFALNT,

Table 4. Results of number of living seedlings, mean height and mean number of leaves
of four kinds of plant of pot planting experiments.

Symbols of Poplar (Poputus Spp.) Japanese oak (Quercus serrata) | Azalea (Rhododendron indicum) Sasanqua (Camellia sasanqua)
pots PLNo.| Lv.No. | MH. | M.L. |Pl. No.{Lv. No.f M.H. | M.L. |Pi. No.|Lv. No.] MH. | M.L. |Pl. No.|Lv. No.l| MH. | M.L

S-100 4 0(-) - - 6 2 40 50
Sc-10 4 0= - - 6 5 9.2 5.2
Sc-25 4 2(1) 140 125 6 6 75 4.2 '
Sc-50 4 31 11.0 47 6 5 6.4 44
Sc-75 4 3Q) 1 170 53 & [ 7.2 40 1
Cc-100 4 4 (1) 140 53 6 6 5.7 3.2 :
SF~10 4 3(0) 18.3 50 6 5 88 46
5f-25 4 3(1 183 6.3 3 4 78 48
SF-50 4 3D 16.7 7.7 6 1 10.0 50
Scf-10 4 4(0) 233 28 ] 1 4.0 30
Scf-25 4 41 170 5.0 3 3 5.7 50
CF-50 4 4Q1) 198 6.8 8 2 40 5.0
L-100 2 1(0 8.5 85 .
Lc—20 2 2 15.0 1.0
Le-40 2 21 135 7.0 ‘
Lc~60 2 2(1) 10.0 105 i
Lc-80 2 2(2) 19.0 90 | !
A-100 4 4(1) 95 78 ‘ 8 2 40| 30
Ac-5 4 3 200 8.7 ] 8 5 4.2 30
Ac-10 4 2@ 16.0 55 | 8 8 53 49
Ac-15 4 4 (0) 133 8.0 8 6 4.2 32
Ac-20 4 4D 200 7.0 ‘ 8 6 43 40
Af-5 4 30 203 6.3 [ 8 7 39 3.1
Af-10 4 4Q1) 198 65 ) 8 3 40| 40
K-100 8 4 75 18.3
Ke-5 | 8 5 74| 160
Ke-10 ! 8 7 10.6 253
Ke-15 | 8 5 54 78
Ke-20 ! 8 6 84| 178
Kc-30 ’ 8 7 74| 160
Kf-5 8 3 6.3 | 1.3
Kf-10 i ! 8 5 921 168 i
Total 86 | 66(16) 72 46 | 64 42 ! 56 | 37

Pl No. : Number of planting seedlings Lv. No. : Number of living seedlings {number of with brantches)

M.H. : Mean height {cm) M.L. : Mean number of leaves

* Other symbols are the same as Table 1.
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Clinker 10% Clinker 25% Clinker 50% Clinker 75% || Clinker 100%:
Sand 90% Sand 75% Sand 50% || Sand 25%
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o x
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Fly 10% Fly 25% Fly 50% |
Sand 90% Sand 75% Sand 50%
Wb . ;
B Ny : )
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Clinker 75%
Sand 25%

l Sand 100%| | Clinker 10% Clinker 25% Clinker 50%

Sand 90% Sand 75% Sand 50%

Fly 50%
Sand 50%

Fly 10%
Sand 90%

Fly 25%
Sand 75%

Fig.2. Pot planting experiments of [A] Poplar (Populus Spp.) planted on April 20, 2001
after 100 days aging, [B] Japanese Oak (Quercus serrara) sowed on October 13,
2000 after nine months aging.
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Fig. 3. Number of living seedlings and mean height by the pot planting
experiments of [A] Poplar and [B] Japanese oak. Bar graphs; the
number of living seedlings, line graphs; the mean height.

BTS2 o0nTIE6 5 A, 3FF122o0WTiEl2y ABMOERKETHE, HE Ry F»5S5ikw
THROREREZ LB L 72 (Fig. 4). WI00%DEy N TE- 72K 7S IIROBENEL, 7
DY AT vy al0%FORTTIEIBOFKEIRIFTH -7 (Fig.d—A)o FMIZIFFI12D
WTHZ ) AT v Y 2100%TOEHORIT L {FEEL T/ (Fig.4—B)s
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Poplar
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¥

%

Sand 100% Clinker ash 100%

Fig.4. Comparison of roots development between sand 100% and clinker ash
100% in pot planting experiments. (taken in October 2001) [A] Poplars,
[B] Japanese oaks. Both plants in clinker ash better develop the roots to
compare with the plant in pure sand.

AL BEHEBE S LICEERETEREHE (SEM)

Ry FHSHEVAERTTEIFTIIONT, BELEBEMES L PSEM 2 W TEEL
39, B7S ONEEMBEE T, WI00%TOBRTIZIZE ALRENRDLNT, DAPI
dufs LELBETTLERENRIEH» o7 (Fig.5—A, B)o —F, 7V y#7 v a100%FD
RTRELOBENROOSN, HETFTTORKLIHETH > 7 (Fig.5-C, D)o FEII, ¥
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Fig.5. Optical and fluorescence micrographs of poplar’s roots. [A] Root in sand 100% pot,
[B] Fluorescence microscopic observation of [A] with DAPI staining, [C] Root
hairs in clinker ash 100% pot, [D] Fluorescence microscopic observation of [C]
with DAPI staining. The numerous root hairs can be observed in [C] and [D].

EALTIEIOON DRy FRDREID S, ARKZEREL/ZF Y PROBDITIH LY, BEHILL

LL“C\/W’:O KIZSEM AW/ FS0BET, BIZZ7UVHIT v 20 FEAHATL
LICREL TRV ED LN (Fig.6—A)o T7:, 2V HT7 v a®RFIlED>T
f$UTV‘6$E’?$E%%§E%%éﬂf: (Fig.6—B, Clo ULDBEENIS, 70 AT v a%d
RL7ZEE, BRORENVRESINSE Z EATRE SN,

TIEBEYOEE

Ry MNAOTEMEY % 2BBEOEHEFHCCEELL, 2095 (WELTEINN%) B
LU (B TIR80% + AR RIK20%) DRT T DXy b TOREHER% Fig. 7I12RT, %
THEEZSHBZEOUO - ARV INVERTIE, ARIKEBRALZDOTRRED 20 = —H SR
oD, WEATEOADLOTIRbI o an o —PREI NI &L d -7 (Fig.7
~A) FHIZLT, BENHBEBO7TAVT I VERBIIBCTY, BEARIKIEED DTN
TOT7ERBREIL LI —HELBDON (Fig.7-B)o BIZZ ) v hT7 v a%kiR
ELAERIIBVTY, 7) ATy v aDRE-ELL LRy TR, HEHEH DD
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Fig.6. Scanning electron micrographs of the roots of Japanese oak in clinker
ash 100% pot after 12 months aging. {A] The roots twine around the
clinker ash, [B] The roots proceed toward the clinker ash, [C] The root
hair reached the hole in the surface of clinker ash.
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A | Rose — Bengale media

-

Desertificated soil 100% Desertificated soil 80%
Chinese coal ash 20%

B | Albumin media

Desertificated soil 100% Desertificated soil 80%
Chinese coal ash 20%

Fig.7. Cultivation results in media of soil microbes with poplars. [A] Rose-
Bengale media for fungi cultivated after 8 days aging, [B] Albumin
media for bacteria and actinomycetes cultivated after 11 days aging,
showing that the soils microbes well multiplied in pots (Desertificated
soil 80% + Chinese coal ash 20%) .

D=L DB BDON, COEMIRTITDOALESLT, TIFTIXBVTLRABOEREY
Bl Doz bhs, ARIK (REAKRIKSZ U VAT via) RRE LGS, TEME
M OEBIERIL SN D Z EATRE ST,

BEOLZR D OFEED

RTT7EAFTDOEAROKRER % ED-XRF 2L ), {b¥FEHS5 %KDz (Table5), ED-
XRF OWERFEICL ) Na LD BORFEOAIMRB SN T 5720, Table5 DfEIF H, C, N,
OB EEBNLDELR - TWA, BT 7 TRERSH Ca0, K20, SO2TH 1, MgO, SiOz,
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Table 5. chemical composition of leaves of poplar and Japanese oak after completed

experiments.

Plant |Symbols| Materials and mixture rates  MgQ Al,O; Si0, P,0; 80, K, O Ca0 TiO, - MnO Fe,0; NiO
S-100 {Sand 100% 56 04 83 0.9 8.2 25.7 504 0.1 0.2 04 0.0

Sc-50 [Sand 50%, Clinker 50% P21 - 1.1 16 105 434 41.0 - 0.1 0.2 -

Sf-50 |Sand 50%, Fly 50% " 50 - 1.6 6.9 6.7 473 319 04 0.1 0.0 -

Poplar ! Scf-10 iSand 80%, Clinker 10%, Fly 10% | 48 0.1 24 53 101 42.7 34.5 - - 0.1 -
G-100 |Clinker 100% i 4.1 - 2.7 12 150 33.0 438 - 00 [eN] 00

L-100 |Desertificated soils 100% 1.8 0.1 17 2t 155 240 424 00 0.2 0.0 -

Lc—20 |Desertificated soils 80%, CA20% | 39 05 117 1.3 106 285 432 - 01 03 -

! Lc—80 [Desertificated soils 20%, CA 80% | 6.6 0.1 48 26 138 32.1 39.9 a1 0.0 0.1 -

1'$-100 [sand 100% - 56 16 123 29 60 98 603 - 07 08 -

Japanese| Sc—25 [Sand 75%, Clinker 25% 8.2 08 115 1.6 23 121 61.7 - 1.5 0.3 -

oak Sf-25 {Sand 75%, Fly 25% 8.0 1.1 5.0 1.8 15 29.1 470 01 0.1 04 -

Scf-10 |Sand 80%, Clinker 10%, Fly 10% 5.2 08 148 1.3 4.9 144 56.8 - 0.7 0.6 -

* Each data is the mean of four leaves. - ¢ not detected (wt %)
* Clinker; clinker ash, Fly; fly ash, CA; chinese coal ash.
Other symbols are the same as Table 1.

POs %2V EEA, WMERS L L TALOs, TiO2, MnO, Fe:0:%%&HF L Twh, 22T
MHDOERIZE > TEEL KO DEEITEET S &, B100%DFET 7 (S-100) TI1325.7%
RRL, 2V HT a7 IAT v a2k BAELbD (Sc-50, S-50, Scf-10) Tid42.7
~47.3%~NEFDEIEVER LTS, T/, WEALLEIN DR TF (L-100) Tid24.0%
THHEH, BEARKEBREELZLO (Le-20, Le-80) TId28.5~32. 1% EALTWwA, X
2, KO L ABICHEIOREILE o TEE R P:0sDEI A1, #100% (5-100) ©0.9% 2k
BLT, 70 AT v2aR75347 vy alBE0HD(Sc-50, Sf-50, Scf-10) Tixl1.6~5.3%
W ER L7 B LEEE100% (L-100) #2.1% 23 LT, BHEARKESO%EES LD D (Le
-80) 122.6% I EH L7, %L::%?@KzOL:om WERT7EHK, BRIKEESLAZLD
TZOEFENLEH LD, P20siZ oW TIARIKIEAIC L 2HBELMRIE O L7,

DEoSsti#EREers, BRbBEfttB~tRI )V v A7 via, tR7I7A4A7 v v aRBHE
ARKERETDE, RTITHTK0 & P20s, I3FFHTK0 DEEV LAT S Z LA
L k%ol, THIARKOREVHEDORELRET LI LERBLTVS

=z =
DEroBREEBRERD S, WETIBOBHEICAERIK, B2 AT viarbzsd
FRIZOVWTEET L,

BRIROHENAHNE

LtR7I747 v v aR@HEARKIZEATE (QEODL D) REBEIZS VIS
T, BYEAI%ERLE (Fig. 1), #OERELTEER 7947 v 2@ F0l»r < (E
£10—100 pm), SHARKIEMK T (10—50um) 22L& EFTEH2D, ﬁiﬂ%?ﬂ'ﬂlﬂﬁﬁﬁ
BanlrosEIons, 7, EEZV VI 7 v a0BA3ER (0.5—15mm)
Db 5 TEKBOUETIO~I4BEIIEWELZRL-DIE, FFLE CILEEIE W (33. 1%)
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12O THEEHEREN L, Wild (1993) &, —#IZHYH F B2 water film 25FFE L, &
WEEHEATVDS EBERT W5, ?Wﬁﬂﬁifﬁ BEICHAEDOAEY? L2 ) FINEESR O W
7%, ZOwater ilm 2 EAEEWATCbEreEZ SND (Fig.8—A), L2L, =22
o ATy ariling, FORKMEDNS water film 255125 5 L FEEEC, I TH S
720722 (air pore) DR EN, BRMEYOIFRLHEE O F AP T D25 EH
HET&5 (Fig.8—B)e —H, 7947 v ra®iRML72%4E, Ml (WZI0—100um) T
HLIDEEDIIRE 2, RAEERETIFERIIE Db, BRMEYOPRITHES L
Le#Ezzbhnb (Fig.8—Cle ThiE, 7947 v 2DEEEBIFITDORy b (S£-50,
74T v abi%) ATHEN LAY MRICEC 2 Y, BYORIFRAVENTEFED
AP IREBEL Lo BEPOIHLDTH B, T, EBRTRIZEY MrLIRWIBO
REVBBIZE,o722800%, 7947 v v a3BOREL*RETLIENFHLLTH D
(Fig. 2, Tabled ),

MYIORDERET, 7V AT v VaNOBEYF TR IMBIUCRELREEZSETVED
MR oz (Figs. 4, 5), JHITHEFIIKERR (FLE) P52 oN/HR, YL
HEENBI-eEZOND,

ARIRDILERHR

YL o TEELGRTLETHLPERKIEDWTABLE, 7)) BT vyafdP0sk
K20 OE&IEZFNEN0.7% L3.1% TH H, TNIEHOEEFEE (P20s 1 0.9%, K20 :9.9%)
IZHASTEY (Table3)s L2L, 70 Y HT7 v 2l00%TH-72KRTIDEHRD P20s
(1.2%) & K20 (33.0%) OfEid, #100%DEFD P20s (0.9%), K20 (25.7%) 1ZH~
TEL 2 >Twb (Tableb), T/, W7V AT v 2% BAELIRy b (Table5® Sc
-50, Sf-50, Scf-10) TIXEDD P.0s% K20 DEIF R ES5IZERL, Ladi~os ) v 7
T v aDREENPLENITE, EHRD P05 KO DEEVEL 2AEBINALNS, WE
fbEE~LEARIKEFRA LRy b (Table5® L-100, Le-20, Le-80) K20 2B W T
b, WEAATBCARKERATAZEIIL YD, BYERF O K0 2517 L7z,
INHOERIE, ARKORSEIHEBOP R K ORI MEEELIEEREL T b,
ARIKERMTAILICL T, IR R ESE/ (Figs. 4,5)0 ZOFEFELIRICE
DIRINA DA L BHER, EMETOPRKOFElENL CRESRESNIEERZLN
%5

BRREBBS SUHED EOEEER

—fEI, MEYEARICER ARV, REMEYP AT LBEL O LML NTED, B
BIEEAZEERICHITLTARPHEED FFICKRP, N%&E) #RINL THEYICEBL, B
HIHEI S S RFELEY ESITEL > Tvwh (Harley and Smith 1983 ; /M1 1987), i%EAL
LBz 2y o a7y adhimmensd b, 29087 v 2385 ETH L7 OREYIC
K &L D (Living site) #5- 2, BAEYOERSH 2 ERICTLERR IR &N/ (Fig. 7) (Mitsuno
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ash

Feldspars

Fig.8. Schematic soil structures with porous clinker and fly ashes, showing
presence of water films around mineral grains. [A] The desertificated
soils, [B] The added clinker ash into soils, [C] The added fly ash into

soils.
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et al. 2002), ERERIL L MEY I TIEDOGEWZBEILL TR ER S8, HMEYWRMLIZED
WEORRERET 5 (ZEFIZ) 2001). 72, #EHFEanEEEORKNFET Y,
Hit LAY ORHRIZL ) FRABENDT T L. TobDL, DEMALROGERFMFEND,
0N ATy v a kBT AIEILLY, —BITHEC R YA RIEL LR TEERER)
WML, BBERREDTALEI LY AL X2, EYWRCHMEY ONRITERILT S
ZEVHREEI NG, 51T, - KER (2000) ZAEWEIFEOFEY ISR T IEIRIIRE SN
HLHELTHBY, WERAMBTORTAIEDITERY P L VEESNDL L HICRY, Ak
PNl &> TS O EMENOMENER P EL Z EAEZ 5N D,

PED X, IV ERETHALBEN L EHICBNTY, ARIK B0 AT Y

2) FRAETHILICLY, TETOBEYIERIL LEYOEEN L VIE SN 5 TREM
PR ENT, PEOFHMICHEE - KBESN TV ARKSY, WE{LTEIZESLTRILT S
EVI) RO HEIBRO THE T, »0, BKIXITHY, FREAELLVFTH L, T72,
RIFFERERIL, BEWLDELE V) FEDPERL TV 2 DORERMEL, FEHIFRLD
LU EEHERL TV 5,

T & ®

FENIIRTE, WEEARK (FREREZEOEREY) L) 2 00REMBIIERL T b,
BEEWTH 5 ARIKE BEAABBAOBKRICFIATE 2 KT 5720, Ky MERERYL
Tol. TEE4ATEE (WETE, B, REt, BEBL) CHRRK3EHE (FEARKK, 7V
VHT v, 79A4Tvia) AnSnALRMAETERALTEY, MP4EEYEZ T,
BREEDOHE, YK bR - T OBRE, THEMAEMOREE, EOFESTEITo72,
BRI, ARKDD) BIEICEILETH B2 T v ali0%b b Er Vv 7y ok
THICESG LRy NT, BPOAFELRE BFICR) LV RHTH Y, EFHOKRP
DEENVE P27z, Tl homEY (N2 707, WEHE, RIRE) 2z, Ry
ATy aDEBICET VRELRESETVALIBETF VBB, ChiRZ ) VyAT7 vz
WEIE THRADDE CILESAEY OBER D L 72 - 7248, BREE L THEYWOFERIN
BELlosZ2o0A, UEOERIL, WEALIE~OGRIK B2 ATy
Ya) DEREE, RECEBRLTEWHRIHFTE 5 2 LARBRI NI,

E 2
RTTOR LR AR (RBEFRE) »6, 2V h7vab 75347 v va2idde
EEHERBRKBEANEER» SRMV 22V, RREZT)CH - T, AINEHBERESR,
AINBYREFERGRILERKE), SRRKFHFEBEMRELSFHINICIREEZTH .,
7, ABEHEEORE, FEOF A ICRERIIIH IV 50, UEDF 410 CHLEL
T 5,
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