MW Bull., For. & For. Prod. Res. Inst. No. 313, 1981 53~78

REBEMHEICICBIT 2898 (58 390

ooy — 7 gk it iz o v T

mom Re-E kB o
RO o ORTek oA B

Hiroshi Kawapa, Kyoji Smirar, Akio Axama and Hisao Saro :
Studies on Woody Waste Composts Part 3

On the hardwood bark composts
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Table 1.

Hardwood bark species of fresh barks and their piling periods
of barks in the open yard

EJTRL S — 7 QRS KO

P - FRED « AT

Sample name
of fresh Bark species
barks

HW-Bf; Fagus spp. (7 4), Deciduous Quercus spp. (F
7)

HW-Bf, Fraxinus spp. (40%) (4 %), Deciduous Quercus
spp. (30%) (4 7), Fagus spp. (10%) (73,
Betula spp. (71 V%)

HW-Bf3 Fagus spp. (74), Deciduous Quercus spp. (F
7)

HW-Bf, Distylium spp. (4 R), Castanopsis spp. (1),
Evergreen Quercus spp. (713)

HW-Bf; Fagus spp. (7F), Deciduous Quercus spp. (+
7)

HW-Big Fagus spp. (7)), Deciduous Quercus spp. (F
% (chip dust)

HW-Bf; Fagus spp. (7'F), Deciduous Quercus spp. (F
), Carpinus spp. (/5

HW-Bfg Castanopsis spp. (/4 ), Evergreen Quercus spp.
(#1v), Pinus spp. (10%) (FH=<)

HW-Bf, Fagus spp. (7 F), Deciduous Quercus spp. (F
7) )

HW-Bfy, Fagus spp. (7 4), Deciduous Quercus spp. (5
7)

HW-Bfy; Castanopsis spp. (/4 ), Evergreen Quercus spp.
(Hv)

HW-Bf;; | Fagus spp. (7)), Deciduous Quercus spp. (F

} ), Pinus spp. (T H=V)
HW-Bfy3 i Species were unknown

Sample name
of piled
barks

none

HW-Bp,
HW-Bps
none
HW-Bp;
HW-Bpg
HW-Bps
HW-Bpio
none

HW-Bpi,

Piling period

in the
opcn yard

none

4~6 months

1~Z years
none
4~5 years
6~10 months
1~2 years
|
: 2 years
none

1~2 years

) Remarks) HW-Bf- g~ 7,
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Hardwood bark, fresh.

HW-Bp- - $ /A EF - v— 7, Harwood bark, piled in the open yard.
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Table 2. ,~— 7 HELEG DT B XORIFE, SEBW S JORBMNE, BIUIELEHK
Main and auxiliary raw materials, periods of thermophilic stage and
ripening, and frequency of turning of the selected composts
Auxiliary raw materials (kg/l ton of bark) ‘ Period of .
: = requency
baxl”\{?rcr;?n%ist I\H/{igﬂrﬁi\; dggggfgs[ Urea %Qmonf (lla~SL;lpetr 1.I)Qice Oil1 Cgirgi:n er- | tlll)zllﬁ?c? ripening tur%fing
(dried) sulfate [Phosphate ran mea inoculum**; (;gngfh) (month)
HW-B-C-C, HW-Bf; 40 10 - — — — Uron C 10| 5~7 12 6
HW-B-C-C, HW-Bf, 50 5 — — — — VS34 10 5~7 1z | 6
HW-B-C-Cq HW-Bf; 72.5 7.5 — — — — — 5~7 1z 6
HW-B-C-Cq HW-Bp, 65 3 - — 3 6 VS34 5 6 6
HW-B-C-Cy HW-Bps 30 7 — 7 — — — 6 more than 4
HW-B-C-C¢*t HW-Bps (A) 15 2 — — — — Koran ! 5~6 4~-5
| chip dust(B) 350%3 — — — — — — 5~6
HW-B-CC, | HW-Bp, | 30 10 — — — _ Uron C 10|  4~6 1~2 45
BW-B-C-Cs HW-Bpg 40 — 10 4 4 | Koran 1 4t 2 4~
HW-B-C-C, HW-Bp, 50 - 25 — - — — more than 4 4
HW-B-C-Cyo HW-Bpy, 50 — 10 — — — VS34 15 6 ] 4 5
HW-B-C-Cy; HW-Bf1; 75 — 13 - — — — more than 7 7
HW-B-C-Cyq HW-Bpis 50 — 10 — — — VS3e1s | 3 | 1 45
HW-B-C-C;s | HW-Bps 300%3 —_ —_ ‘ — — — | VS34 30 15 more than 5
B *x1 A& BAESEREA Remark) #1 Equal parts of A and B are well mixed. - -

%2 Table 1 & %2 See Table 1.

%3 R *3 Fresh chicken droppings.

4 TIROBEE (OFIEERD +4 The name of inoculum on the market.

]

W

BRI B

o]
e

L QIS
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Slalfeal Lo KEER oo — 7 6 402, T, FIRNEORHEIIEM NN -2 LT Eb D (HW-
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g cEBrFianic,

F 7, CNODIREBO Bt x— 2 & B2 OILIEMD FiEA T (V2F + a3+ 7)) LD
&, KO DA DR OGHHFIZEL <@L, CEC bbb ThE, pH KL, ECEZmns
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Table 3.

Wik N — 7 B JOBAHERL Y — 7 DALERIMEE B X OHEER

Chemical properties and compositions of the selected fresh and piled barks

(On dry basis)

h | - 1 | : ‘ 2 | : ] '
? Water ‘Inorgamc N (ppm) P05 (%) - ? ‘ ! : (D[EIZC
e | ] i 7 | ! e
Sample Color*t | C | N*? C/N soluble 1 | 2.5% KO | Na,0 | CaO | MgO| Cl | CEC pH | mho/
| | C ‘NH4“ NOg— Total! Total W'a‘lc)er [ Acetic ‘ ! J CIﬂ)
I | | N N soluble | acid | (me oo
B | REOINCH ) | | :smgm§tﬁ%>i<%” @) | @) | oom) (18 |(1:0)/(25°C)
] | | o i ] ] | ] ~
HW-Bf; ' 7.5YR5/4 @ 46.8 0.56 83. 6;l 1.56 29 3 ‘ 32 0.070 0,020 0.020 1 0,35} 0.007 3.32 0.10 79 ‘ 46,5 4.90 0.40
; (3. 3)%3 | (28. 6)* (28. 6)% \ %
HW-Bf, [‘ 7.5YR 4/3 } 48,7, 0.64 76.1 0.98° 18 | 3 | 21 0,091 0,016 | 0.020  0.46 I0.013 2. 13‘ 0. 11 34 | 42.3 5,00 0.38
2 ; | Lo ; [ | L (7.6) (22.0) i |
{ : | i i w ‘ ‘
HW-Bp, | 7.5YR3/[3 46.8 0.71 659 0.65 18 2 | 20 | 010 0.020 0.026 0.47 | 0.022 2.21 0.18 273 l 53.5 5,45 0.38
| ‘\ { | (1.4) | | | I(20. O)‘ (26. O) i | !
HW-Bfs | 7.5YRA4[4| 47.6 0.65 73.2 0,52 17 2 | 19 | 011, 0,014| 0,018 0.24 0.005 2.83 0.13| 175 41.8 5.00 0.49
’ | ENCHSN | | (12.7)] (16.4) | | |
HW-Bps | 7.5YR3/3| 47.4 0.68 69.7 0.22 20 6 | 26 | 0.26 0.009| 0.056 0.17 0,002 2.83 0.33| 181 59.5 7.20 0.15
| | Lo(o. 46)? (3.5)] (21.5) ‘ {
; ; | | I |
HW-Bf, | 10YR4/4 49.5 0.61 81,1 0. 26 15 1 | 16 0.080 0.007 0.008 | 0. 137 0.003 2,27 0.10 131 45,7, 4.80 0.51
! \ (0.53) (8.8) (10.0) ! | ;
‘ ‘ ; | ! ! ‘
HW-Bp, | 7.5YR2/3| 51.8 0.84 6l.7, 0.24] 12 1 | 13 012 0,006 0.027 0,036 0,001 326 0.082 132 | 66.8 6.60 0.15
! i (0.46) | o (5.0) (22.5) | i |
HW-Bfy  7.5YR4/4 49.0, 0.50 93.0 0.56 15 2 17 0.076 0.006 = 0,007 | 0.24 | 0.005 2.200.17 | 167 | 42.6/ 4.75 0.46
} ~ i 1.1 | | .9 0.2 | | |
HW-Bps | 7.5YR3/3: 47.6 0.69 69.0 0.39 12 4 | 16 | 0.073 0,011 | 0.018 0,36, 0.001 2.48 0,22 303 | 57.5 5.85 0.30
| | 1 i | (0.82) | o as) @D ; % |
HW-Bpy, | 7.5YR 3/4 50, Oj 0.69 72.5 0.53 ‘ 20 3 23 0.077; 0,019 0.019 | 0,28 0.028, 2. 32 0.12 169 52,6/ 6.35 0.29
1 | | Y } ‘ ‘ } (24.7)) (24.7) 1, ‘ ‘
i { | | | i
HW-Bfy; 7.5YR 4/4 47,6 0.54 88,1 1.o1 | 25 1 1 26 0,079 0,012 0.013 | 0.48 | 0. 020} 2.06] 0,20 3 309 | 51.0 4,80, 0.54
; ; ‘ 2.1 | ; L (15.2)] (16.5) } ‘ |
HW-Bp, | 7.5YR3/3 | 50.0 0.67] 74.6 0.25 | 14 ' 2| 16 | 0.23 | 0.039 | 0.074 0,19 0.016 3.0l 0,15 270 549 6, 60‘ 0. 44
| - (0.50)| 3 ‘ (7.0) (32.2) | » |
o o ‘ R T R e i i
Y x1 IR (BMOKERR SRR, I, 1960) kb, Remarks) *1 Color name is expressed with color chart of Munsell system,.
%2 /& N3 NOy-N %2410, *2  Total-N contains NOs;-N.
*3 &2 CIKHT A/ S—EY b, %3 Per cent of total carbon.
4 4 POs W9 B/ — 4 v by 2.59% Wil HI7A PaOs (2K P2Os % 45, *4 Per cent of total P,Os. 2.5% acetic acid soluble P,O;s contains

water soluble P,0s.
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SRS D Ll b 1d
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MRS BT, AU TS 4

MIDRBITLTOEHEME NI,
crlREicksbpLEbhing,
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ES
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Table d EHEM ~ — 7R O F W HEE B X T MK

Chemical properties and compositions of the selected bark composts (On dry basis)
T [ T . ) . i T
‘ | Water Inorganic N (ppm) P05 (%) i | | EC
| . | CEC | (m
< . | I soluble | 2.5% ‘ |
Sampl Color*t w2 C/N | SO ? | K40 | NayO| CaO | MgO . CI | pH  mho
ampe ¢ N . ¢ |NH~ ENOS*N Total|Totall s\giﬁz A;;é“ ’ i ’ | 5 (me { P jem)
(%) | (%) | () : soluble | (%) ‘ B | %) (%) ‘(ppm)/10055)1(1{20)1(25“(3)
I ] | i T i
HW-B-C-C; | 7.5YR2/3| 45.3 2.38 19.0 0.52| 33 23 560 1.10 0.043 0.83 | 0.69 0.19 | 529 0.53 839 103 | 7.70 0.82
(1. 15)%8 i (3. 9)% (75, 3y \ J |
HW-B-C-Cy | 7.5YR3/2 | 4L.7 2.13 19.6 0.37 | 76, 511 587 1,88 0.069 | 1.49 0.73 0.24| 6.971 0.75 1,090 102 = 7.10 1,48
(0. 89) s ‘ 3.7 (79.3) |
HW-B-C-Cs | 7.5YR2/2| 45.4 2,25 20.2 0.58 | ‘ 1221 163 | 1.47] 0.050 1,16 0.92 0.14 ! 8.00 0.48 1,090 87.5 8.10 1.20
\ | ; o (1.28) (3.4) (78.9) ‘
i | | | i i |
HW-B-C-C; | 7.5YR2/3 | 45,5 1.69 26,9 0,38, 21| 4 251 1,10, 0.056 0.80 ! 0.84 0,19 5,29 0.53 1,670, 94,1 7,40, 1,30
‘ ! b(0.84) 3 (5.1) (72.7) |
HW-B-C-Cs | 7.5YR3/3 | 42.5 1.67] 25.4 0.24| 18 10 28 | 1.48/ 0,048 0.73 0.58 0.12| 4,42 0.66 468 78.8 7.85 0.67
| (. bé) { (3. 2)! (49.3) |
HW-B-C-Cg | 7.5YR3/2| 39.2 1.34 29.3 0.45| 55 13 68 | 0.67, 0.026 0.34 | 0.41 0.10  4.59 0.80 390 73.2 7.55 0.57
| (1.15)] 3.9 (50.7) ‘
HW-B-C-Cy 7.5YR2/2| 49,7 1.56 381.9, 0.39 41| 1381| 172 0.56 0.011 0.25  0.26 0.048 4.93 0.200 672 80.4 7.20 0.83
" (0.78) ! L (2.0) (45.6) : i
HW-B-C-Cs  7.5YR3/2| 49.7| 1.52 32,7 0.47 | 115 | 366 481 | 0.84 0,085 0.65| 0.59 0.070 4,00 0,32 868 75.2 5.90 3,02
(0.95) L1010 (77.4) I !
HW-B-C-Cy | 7.5YR3/3 | 48.7] 1.52 32,0 0.48 24 18 42 | 0.60/ 0.057 0.28 | 0.59, 0.082 4.98 0.25 927 84.5 7.25 1.38
(0. 99) (9.5) (46.7) ‘
HW-B-C-Cio| 7.5YR2/3| 52.7 0.91 57.2 0.29 24 8 321 0.33 0,061 0.20 | 0.35 0.040 3.54/ 0.18 256 78.1 6.40 0,34
| (0.55 | | (18.5)  (60.6), , | ;
HW-B-C-Cy1 | 7.5YR3/3 | 47.2, 1.06 445 0.37 | 17 81 25| 0.15 0.014| 0,083 0.32 0.010 3. 02 0.20 292 82.4 6,95 0,29
(. 78)i (9.3) (55.3) ; ; | |
HW-B-C-Cyz| 7.5YR3/4| 50.9 0.81 62.8 0.34 11 2 13| 0.30 0,087 0.18 | 0.27, Q. 024 3.12 0.15 274 59.8 6,55 0.55
| L (0.67) | ! (29.0)! (60.0) |
HW-B-C-Ci3| 10YRG3/3| 46.7 1.45 82,2 0.52| 20| 17 37 1.36 0.044| 0,91 0.59 0.075 501 0.69 393 69.2 7.70 0.63
: j IR EYI ! (3.2), (66.9) i |

)  #1~#4 (T Table 3 @ U,
Remark) *1~=%4 are the same as those of Table 3.
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0.6%, JMEILIEI KRS 209, ATBHEITKG T5%, IO C &K 0%, N GHRE %™ HUE LT,

CHUTIRFEI O U iiZeichiskd 2 N BANA T ON RAERE T 2 &, WFN b BIEUEA Fid Lo
T, C/N 349 30~40 Ptk L4 Sic, HW-B-C-Cip, 11,12 O 3B OLG TS 555, o
O C/N s 45~63 %755 L, # L CREWIIZ R L Bl -0 i LTk dr - 720 L L, ThoHo
WEHT PaOs, KoO LT CaO G S oWkt & s Flofictic
FHL (BEOEGHDEN) BH - O TEEO EHE SNz, £z, HW-B-C-Cy, g, s Oulklo N
BERL 2%AMA, CN I 19~20 278 L, fb@alil&lhd B L (BT EMER sz, 21

BEPIEDED -T2 2,

S D HEID EILERI OB A b O BB & T & ICE DO R S AL D - o s, BUHA ORI T
L, AREBEO WIS, WM LIRS &, SO SNz foDICBAD B TR
BN s N T 2B EMILBLTHED O, B2 5L, TOL IR E N icEhn T
HALAID COp & LTOEAMMAT, MBI N &HERD

R E CIN DML HE 72 5 SN D TER WD EHEE Sf7c, 2o 0BTl POs, KO0, Cal 75
EDEMEIMBORENCIE B EPREDEN T Ed, COX D BHERE YT A MENC IS V%A Elbh

Z)

fetodls, BIMOBRETHH Do & B

HKIREE C G HEIZEL, £ C D 1% Aikis LEULNT, &ikHiTicE ICHE - B R o8 h
/,)'f\:o

MERERE N 4303, NHe-N G SHhy TEL, max. 115 ppm ICWME i -7, L L, NOg-N
202 370 B £ T 510 ppm DTS O EOAS H SV hs,  Afvicid NHe-N & RERE O ZR LT
Wy ~ATy ZN— OB S &, NHEN ZIERM & 0Z 585, NOs-N 33 L AR
Lz

<o WD g DM LTINS, COIC D0 TIRER 7 @ N OO CHiEk

M LRSS R B e & I TR E A - 72 HW-B-C-Cpo 11,12 D 3 41
OB ST DRI £ 4 &0 S s htr, HW-B-C-Cis @ PgOs 4475

(1.36%) O EVEEIZ, /1T8IE% L

#9965 kg () ICEBLOT H55 . HW-B-C-C; (1.48%) 13 WAMERY <~ 7 @ P05

WOV, Lo N &3

mikaEwnat (CLaBoky By

e OICFSFE DN
B L Hnd
EHESEOCE R S ) YEELIKORING & - T BB L20BEETEA D L
L, HW-B-C-C; (1.88%) H LU -Cs (1.47%) 13 bl N &R L RO b A2 MET 5

I ARORDY ROY R 271NN
L3 NEIE SO DT, T b oIl L -7,
2.5% BRI PeOs DA POy 1Tk ¢ 5 1

, LI N BRI POs OB HREL SIE AT Z80 N OfAE

45~80% 17 L 12hs,  AIRIIC PoOs O S0

W2 E T DI L L R AEN AR S

Kq0, NagO, CaO B LU MgO G HRIZDNTE, HW-B-C-Ci, 11, 10 DERHICER 22 &1, 1L
RO N EEEOMINIZEAEDTHAH o, HW-B-C-C; @ KO G4ATH (0. 26%) 13 & S ITEO %R L
7203, C OB L ERIO HW-Bpy @ KO SG7#A & I o A8 K Rmiirs b i LTns &

bz, HW-Bpr i3 & {104 ~5E0EMICH I - THAHER S ic s — 27 Th 5h3, KO ZHIk
P OIER ST DIL, RO EESETT LT b o S Sitc, HW-B-C-Ciry DTNHDE
W DGR BRI L D 0D, HW-B-C-Cy, 3 » Cal (7.0 8L 8.0%) & It

EWVWA B, HW-B-C-Cs Ok D HW-Bfs A TT &8 » oo iCH R S Tz, Lo
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EERD N~ D Cal OEFRITD LBEOESL»LRATS, o PiOs oBja EHRKIC C OFEH
DT L -7z,

Cl 5B 3% 260~1,670 ppm 2R L, ZLOBENKEP -z, ClREEL LTHECHEET 20 ER
bbb, HW-B-C-Cig, 11, 12 N & {ICED - 7B T, FBRO X S IOy b L0 ar o BT, ElE
BOTAD I A—B2 5 BEORABDIEP sfc—Eb ZLO5NEH, Zoflich HW-B-C-Cy 6,13
DEHEPIEVENDDERD LN, ClEBHEAKI > TAERISNPTOD, BROBERERBOE
BIE-THEEINDI LELNIZ®POT, TN oDBEROFMISMMIIZE L -7z,

CEC (mef100g) 13 60~103 27K L, ZEHHTHE D OEELRD SNz, ED & i, HkisE
B CHERIRID Bir - 7c HW-B-C-Cy, 5, 5 13 88~103 TEMIEZR L, HIE/GBIR O #5187
EBTHENICEDODHD—D2TH 5 HW-B-C-Cyp 1Z 60 TEBITED - 7ch3, £ Dl 70~94 DH#iBH
Kb oize Fle, HW-B-C-Crp EREEDLEIMICH - 7z L S5 HW-B-C-Cyo, 11 12 78, 82T, »73
DEDHZERLTHDT, HW-B-C-Cip 23& CI/NSOBEBERVI S P TR D -1, BBDE ST,
foi S — 7 D 42~51, TPHHERE S — 2 (24FLIT) D 53~60 1cib~ 5 &, IR tEREOM#ETIcpk > T CEC

HARDED 5508, C/N & CEC ORNCIZ AR & <KUY & 5 BB IR #» - 7o,

pH |3 5.90~8.10 Z7R Uiz, AMiailins LT, NEEE LTREZEMic HW-B-C-Cioy 1 pH
7.10~8.10, Bk %A Muic HW-B-C-Co1p 13 6. 40~7.25 ZI/R L, 49 AR MEITEL o B % %
W7 pH BEWVERIS A b7z, pH 5.90 T - & & pH 2MEL, hD#Z%E Buicigs (6,40~
7.25) KO 0EN pH R Lic HW-B-C-Cg (3, WL OMIC FRICAETEBREREIOM®R ) v BA IR
OFMDBTHN, K518, FEFRCHEMOT A~y N —s BPBTES I BRAIN TS L ORE
SAMEN TV EOTREOAEEDN K,

EC (m mho/cm) {Z HW-B-C-Cs 3B L V< 3.0 &R L s, fiidvaInd LELUTFTH-
726

LB EZER N — 7 HEIE O LA B K OHREIZE ISR 13 D OfESR O ds, ~amy 7N~
JHEED LB &, Bl (4) OEEMEB LU~ L 0y 7 OFREE XOFAMR N —7 TRONKCEL
WHER, RIERIOIAIC X > TR D ED LT s, 2ffs@inds LT NOgs-N O&FERSx LY
TR &, pH B8EC &, CaO SFEaEnc &, CEFEBENC &, ECBENT 18 EDHH®E
DED b, NOyN OAFLDENC Lk, HIFROREILD UBE-N ofdmic X 274k, 3%
BRUON—7 TEINLIEREN OMBLOBRE bFEREEEEE T 24, S IKRET V&S
THHDo CORIDOTIRKOEREN OEEOZ T THE LY, £0flug LBRoEERONN—7
DALRIHEE B KR OMEL R BRI L T2 LA XD,

7. HEED L UEIME N, BIUN-HEERD
HEE N o8 (BRb L UHRE—3)

§izl (Table 3 X0 4 BI) OEEO—IIT 20T HHEIE N OIEARE L7z 5512 Table 5 i
NG EBOTEDN, ~bmy 73— HROEBE & 22 nhikd 5 &, HEIGREO BT,
PTIORT &5 ia DU » S IsEn R SNz,

PR N~ 7 TRMKSRNE N 12 81~87% ICEL, CDHIBET I /JBMEEN 3d - & 65 T 41~45%
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Table 5. #tfoy— 7, WAHR N — 7 BRU N — 7 HEIVERLF OFBERE N O

Organic nitrogen forms of the selected fresh and piled barks
and bark composts

A( 1d hydl'01y7<lb1€, N

e Unhydro-

T
l Composulon of orgamc ’\I
Organic N ‘

Sample

. Ammo 1 Ammo Umdent]— . lyzable-N
% |  Amide-N sugar-N | acid-N | fed-N | Total
bresh barks
‘ . i S
HW-Bf; 0,652 5.9 L5 | 43.4 9.2 | 8L.O 19.0
HW-Bf, 0. 608 5.8 | 0.5 447 3.2 | 86.2 13.8
}ivw BfS 0.503 | 5‘1 ‘ 2.0 | 40, 6 35,2 82.9 17.1
Barks pncd in thL opcﬂ Vard
HW-Bps . oes2 89 | 28 4.0 | 292 849 | 151
! i |

HW-Bpy 0,837 6.9 2.6 | 40,3 33.3 1 831 169
HW-Bp; ; 0. 688 55 2.3 35.3 31.3 74,4 25,6

HW- Bp12 % 0.673 | 6.7 1.0 | 428 | 29.4 79.9 20

Bark composts
S } e
HW-B-C-C; | 2.38 8.5 3.3 28. 4 23,3 63.5 | 365
HW-B-C-C, 218 9.7 | 29 267 28.5 | 6.8 Losaz2
HW-B-C-C, | .69 6.0 2.5 si.7 | 8oz | 709 | 291
HW-B-C-Cs | .67 110 29 | 826 1 249 | 7L4 | 286
| | | i

HW-B-C-C;, | 1.5 | 8.2 1.5 28.4 25,0 63.1 36,9
HW-B-C-Cy i 1,52 10, 4 .7 28,7 29,9 | 70,7 | 29,3
HW-B-C-Cyo 0.908 | 7.2 2.8 | 37.6 24.8 72.4 | 27,6
}iVV Eﬂ CCip 0,809 | 6.1 1.5 38.3 26.3 72,2 | 27.8

B4 xracnon N J)/\ HEENE N ok A9~ v FTHRUTZ.
Remark) Nitrogen forms are expressed by the N amount of each fraction as per cent of total organic N
content.
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T, TG DE

ERBREWVZ B0

PrAHERE S — 7 Tl
N B&IOT I /HREN O TH
DS IR DR DI T E T, A &

N7 HEBER OB G, N3

ALy 7O B

o8 — 7 DB E L TEIERIT IR Sk
N OpHT

%;”Ly %0)“]'““3':")74) ]‘U?N J(JJ\L} b /,{
<

WY SRR N -1,

M= BRICHBkT 2 b DX D b, 1
FOR O R 7D UMZIIC RS 5 & OO S EINC 410, Bremner® (C X3S, Oat straw [CHEET /%
= LEVRIN LT HEI L U2 B, IS N I3 30 BTl EA SR IL 1, Ririd s vt ks
LT, AEMST I BEE UTRLEN, FHE N oI5k @ Oat straw @& & WD & 573

EN

HRRONEVENS, F, EEP E~ Loy 7= 7 OHEMED & TOVIERT, TN L 7 IR

audicsg b ah,  10~15 DHRICIIER L, FIRHCEBE N Safuclind 2 2 2o hic LTy
Lo X 5T, MBS O4 4 7 FIC4IKE RN UTHE L U2 B O EKEE N o i iE, #9400
TR NN ERR B LT D X2 Cilbins, o OREIIE, JEBER ~— 7 HE
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DOBAIDS, RINENRFILO UREICEFKT 2 N Z#AEMIC X - TR SN THRE Nk 4 v
NG BECEAL, BRI - BRUBHLEOEREN LRRIC-EOEE T 500 LHEEST
%

AEOHERGEITIE, ERROFBSD VAR N — 7/ BLURED LW~ L, H1HPO~LD
v 78— YR OB A ERBIC, mrIREns LTie N oy 4 LRIk st N s k07 2/
e N Qb &7 =4 FIEN QN D SNFDs, 73/ HEN B « dBELERST, i,
KEVE N @ LT, L L, WINOEE 4% fraction OZ(LOBEII~Lw v 73— 7 HEED
A EEEETIIN P T, UL LZDOX S (T Bremner® 53 Wheat straw ICEEET VE= W L%
WML 4 2 ARIHEIEAL U7 B8 OFRE N Ok 02 e, $/, FHFRLEo A BicBY 5 L>F—
H BOIHICHRBROETICHE S ERE N OEEOL® b X —HT 5, &bic, Keey 519 |3
THOEERE N OE/I3& fraction @ N ICDOWTRDONED, €OHTHT I/ HBEN N - &
HMBILENDPT N EERED TN B,

CNLORERERET 5 &, HRYOSHIIO UHEECGRIRICk Y 2681 N 0Z{uid, £ Niodd
DHBRELT, NKSMREN BRI 7 I VBEN ORDET <4 FEN OBINCE - THEESY 511
AHENZ B,

Lo L, cnbog N fraction OZELI, TR, F7z, BUBEBICETT 2 LMo E0N
LB bns, AoiEEEE 0T CIN sk &<, HPLBREROETHIRTHEC EBHEIN
7z HW-B-C-Cyo, 12 D 2 fild, MK ERME N B30 A2 R Urchs, 73/ BEE N O 3o
BhE CEIETIRE L, AR S — 7 O BINIT Vv X OWHEE R LR E S 5o, Fiz, CN I
MEL NS ofc HW-B-C-Cy 2 T, JUKSEEN BXO 7 1/ BRE N OBDE WO & 21D
Lhieh, T4 FEEN OBRBHLL TR /. DI, 3 2HW OLREMA T E—KEEL DO
B, HERLBEOBETICE-TT I /BB N D)L ET <4 FEE N OBRIGE oL hs, Tk #
P N QA 5 HTRITH - o '

B OSSP Z DBOEEE N OB CIN Sk XU EBERIZT R EICMONTN S,
RIS 13 HE e DEICRINU B OB BE N OB LoREL S, FEHE CIN ok stk
S T32D/84 — VIR LIS, C/N BOK S DIEERMBMEIICEEOREE N oMty oBmRL
(Ek 2 v HOGR) L3P OWNEL, TORICTONIERE N OBBRILLERT,
BEACRDMEN T &2, fHRIED C/N & HEIE N OB IES oIt OB OB GRS 5 C
EEWOLBICL, 4377 OHLOBAICIE C/N - 17 #8c LT, #NLITTIIEKE N ol
BITON B0, FNLIETESICEEOMEE N OFB(RThNIEE0S5, LL, HIZEKREN O
HERCICIE COIN 2 Tldte {, HRIES QMRS HEL R T C L2 TN %,

N— 7 A HBOBAIIL H

HiE 2z, FEYOMBOELR L ksnddic Bbinsd,

Borex 59 13 C/N L /NS OEHFHEY B HMENE L, EEE N ORNEREEOREL K&
7%, BAMEART CIN ORS00 HEE N ORMNCE 2 SRIEEOZESE L, chicxl
T, C/NHD#E L KEW Douglas-ir & # i3 N iRNOsENsxbdT/hane s, &b, HIE
WCEBICHA LTHIEMIC K - T N RZZERT, RBEOMANRONAESS b e ohic
Uizo 11513 C 0HE% Douglas-ir O A4 HBIZMAEND MR L TERAORENWY 7= Y OEFR
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SEIK, V= v-kn — ZEAKEIE LT O A72DTHEH D EHE LT A, AlLison 5099 |3
2 { OWWR O/~ 7 DD LT Y 2 0 WA e L, SBREZ RIS — IR ones, 4
TR & LT, SHEERI O N — 7 B LU ORISR L DU R, MEE N ORI
Az s ALREET, ROBEO N OERERKOD, [EERON—7 B X OHEAMENEL, N
DIRINT X - TH U MEMBEHES T (BT — 7 LD K&, DROBED N OBREHIETH
EEWoPITLUTO B6 125 DFHE DWW T C/N & RO BB RO 72 L - 70, FBI 570

U KOb) iiy R e

WSIMU A5 ORI, IEIEBHIHIEM X DN o E2EDTO L, 115 0EE
DT SRR S C/IN & ORI &b L - 72,

TS DA ETORWIEE ORERIT, HPEARONEBHMAEDIC X 5 SO REAYE N (LS
MONS V2L s T IND T ERRTEDENAE LD, N— I RA A O LI 7= vig EIE

C/N Lz BB

M & 2 WA

7SO LATERRE N et (hoots)

DO RFAGH D BEREROEVREYLERDY;
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R
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Table 6. Bifif~— 2, WHHER S — 7 35 50— 2 HENEL R OB o JE

Humus forms of the selected fresh and plled barks and bark compo ts

Composition ()f humus Optlcal propcrty of humlc dCld
Sample . L Ex- ) i
Humic | Fulvic ') taple| Cp/C, | 4log Ky | 4log K | RE

acid | acid 7o ‘

. | humus | | R R
Fresh barks

HW-Bfj 3.9 | 7.4 1 118 ‘ 0.53 0.976 | 0920 | o110
HW-B, 4.9 ‘ 7.9 12,8 | 0.64 | 0,937 | 0.939 0.119

| ‘
H\V Big 5.8 | 9.0 | 148 062 | 00915 0.943 |  0.158

e R R I o R | - i

Barks piled in the open yard
HW-Bps 31 3.8 6.9 | 0.82 0.981 1,001 0. 149
HW-Bp, 3.9 | 4.0 7.9 0,98 0.928 |  0.993 0.197
! ‘
HW-Bps | 2.9 | 5.5 8. 4 0.53 0. 980 0.956 = 0.110
HW-Bpy, 4.1 5.3 9.4 0,77 0. 964 0.987 | 0.152
Bark composts

HW-B-C-C; | 7.1 | 66 13.7 108 . 0.884 | 1,078 0. 250
HW-B-C-C, | 8.1 | 7.6 15.7 1,07 | 0.935 1,030 0.188
HW-B-C-C; | 1.9 | 6.0 109 0.82 0,926 1.002 0.212
HW-B-C-C; | 68 | 5.8 12,6 L7 0.907 0.958 0.197
HW-B-C-C; | 5.3 ‘J 4.3 .6 1.23 | 0,851 0,921 0. 286
HW-B-C-Cs | 4.8 | 5.0 9.8 0.96 0.867 0.921 0.253
HW-B-C-Cpp | 59 | 6.3 12,2 0.94 0,951 1,007 | 0,178
HW-B-C-Cip | 4.7 { 5.4 10. 1 0.87 | 0,916 0.961 | 0.179

(l) F»*ﬁn@ffw ﬁ] 579 2v0DC 0k CIHT 5~ b TR L
Remarks) Humus compositions are expressed by the carbon amount of each fraction as per cent of total
organic carbon.
4log Ki=log K, -log K
4log Ky=log Kgso—log Kgso
Rf : Ky of Na- humate solution containing C 100 mg per liter.
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AN L vy 78 XOERERON— 7 OFEBHRII R TH 205, A4 TOMERB X URERO
N=J DT O RISEMERAT 2 &, SHERO~ L0 v 7/5—7 Z 0 SRR — 7 O BEL
FRUEORBCEVOEBEEINIEL, Liehi-7T, BIERERAHBROHEIN/LEME TR Cav/Nav (available
Clavailable N) Jhld~2awy 75— OFMWNS D EHEIND, COXLIWRBICINUE, ~20y
73— HERE DTS IRIER S — 7 ML & 0 S HEE N O & s bt 2o icEir L, o xsiwe
OMEMICH I N Ok MR N (NO-N) OHEEZLZLLTVEC IR ERICHIELES
RN 5,

UiehS T, 81 THE Ui NOs-N OSERE LOEHE N OJEREOZE L HEE Lo s s
DEBZEDRBL, ~bwy 7= WEOBAICEER LGS E LTS, EIER Y — 7 HEEDO B
NOs-N OSHHEDOHEAIEL L, BRE N OBRBROEMEA~ LT » 75— 7 HI0 & 2 HHEOEEEER AN
LNEND B L HICEDN A

8. HEEN—Y, BHNEEN-IBIUN- I HLENEEOTEE
(FERB L UHRE—D

BB (Table 3 BX U 4) OREO—IICONTIEOTLAEE WS Lic#E Iz Table 6 kU Fig. 1
~3IRTEBDT

L s 30 15 Tl — 2 D 3 5 1 ST A HER < — 7
| ’/ / // BIOESHEIN D X 5 IR O REYBIR &%k
i C:)/ :/@1 /// Voot KORM AR OREMZEEE LT
! A WS C LoV TIE, B 1Y S REO BT
- o/ 3z &1 Uiz,

o
T
©o
N
o

JEREDRERIC DUV TR D & 5 IR S
foo it x— 2 GREURHEN & TOREER S LU
T B ORI HE (& fraction C 04 Clzxdd
% per cent) T W E/PMhXL, £BT max.
OB ICREEL 70, TS D %K fraction
O IR IIEF SRR S — 7 TR~ 7 L OB
DU, BRERTREAMER — 7 DB IETR
L7zo CafCyr M (BHERR C/7 v Rk C) 13 s
W=7, FAMRN—7, SRHELOIICERE
RUT, TNODOEERICED 2 FERE XU Y

Humic acid

. i
5 100%%)
Fulvic acid

Fig. 1 & i © 9 &% NVRBOHIEERLE XU C/Cr D EIE, 1

Humus composition. DDA LT 78— 7 HEROBES & FEREOE N

Remarks) @ I;I;rrg\g;)sd bark chicken droppings ERLT 0D & NE 5 2, KEBEIC BB &
JAN H;l;;iwood bark, piled in the open fraction o RS X0 Cu/Cr HOZEALIZ, ~

O Hardwood bark, fresh. ATy SN g HIE & BB E ELL NS

(® Hemlock bark chicken droppings
compost. 7o TS0 BIRHEIND BEBROMER BLU
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CulCy IhiZ, 49
JERIE DR 2 <7 v NOEE & 1

T

B ST 5 T,

i 0BG &I SETRAMR A B RO IT T T
WSER O AR Ut Bl — 7 TIREIER S — 2 128D T hvvN— 7 %A 5 HW-Bfsg O
A13 500, 420, 360, 280 nm AR BLUE A0 S/, 280 nm ORIROPILEIT HW-BEf, T
HED SN, N S =VvORNEEEbN S, HW-Bfy , T Z OMOBILUE L T Ok - 72
T, 500, 420 #5360 nm OFEIROWIUIHE 7 h = o8~ 2 Il T S b o L Ebivic, BAHER
—~ 7T, THATYN—7ERBALTOS HW-Bps, 12 12 360 35 20 280 nm AT IC FTR O BANUE 2358
Stzhl, 500 B &7 420 nm AT EROWNUIZ R SN - fo o SHMEILO B4 03T & B
WD NS - fo,
CNODHAIAN LTy I8 = ZHER OB, Rk s — 2 T, 560, 500, 420 & £OF 280 nm A}

SEICTER DI B AS TS B, WPAMER < — 7 5 Z O OB HENR T 500 nm O R OB HS TS

HW-B-C~C;
[=g=4
> HW-B-C-C,
HW - B-CCy
50r
& L HW=- By
AW-Bis 280/ ’
on :f
zHW Bps O 45 /
- 360, HW-B
/ oy o zzjf/ P8
ATy
/
, 500, 3
HW-B-C=Cs 40 r j/
JHW-B(7 / /

/
I y HW-B-C-Cg
s - 35k s/
LS / 280/ HW=Bpy

HW-B~C—Cy
C

 HW=B-C~Cig HW-B-C-Cy

05
T N N R I | ESNETOOR TN T N NS N0 O DR N |
900 800 700 600 500 400 300 (nm) 900 B0 700 600 500 400 300 (nm)
Wavelength Wavelength
(1) (2)

Fig. 2 BHBROWPIL A <7 b GREZET, WERBIGED EIRY)
Absorption spectra of humic acid (Concentration of humic acid
is arbitrarily chosen. Figures express the wavelength).
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Fig. 3 B ®% o K4 K
Classification diagram of humic acids.
Remarks) Fresh bark O Hardwood /\ Hemlock
Piled bark A Ibid. A Ibid.
Bark compost @ Ibid. (® Hemlock
The lines express the regression curve between 4 log K,
and Rf value of humic acid (h-1) of the representative
forest soils'?,
(1) Black soils, (2) Light colored black soils, (3) Dark
red soils, (4) Wet podzols, (5) Dry podzols, (6) Brown
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Studies on Woedy Waste Composts Part 3

On the hardwood bark composts
Hiroshi Kawapa®@ Kyoji Suwrar'®, Akio Axama® and Hisao Sato™®

1. Introduction

At present, almost all of the woody waste composts on the market are the bark composts
made of the barks of imported hemlock and domestic hardwoods. The information on the
hemlock bark composts was reported in Part 13¥. The authors wish to make clear the basic
properties of domestic hardwood bark composts in this work.

In contrast to the limited numbers and distribution of hemlock bark compoest factories at
the importing ports, the production of hardwood bark compost is undertaken at many paper
factories, pulp and chip factories as well as sawmills over the country. The dominant bark
species, the ratios of auxiliary raw materials and the manufacturing processes were not similar
in every factory. It is very important and the main object of this work to throw light on
the effects of these factors which influence the quality of bark composts. The standardization
of the properties and composition of the bark composts and the manufacturing process are very
important.

The hardwood bark composts on the market and their corresponding fresh and piled barks
were collected from factories. It was benefitial to get the composts of a wide range of manu-
facturing processes but on the other side, detailed information of the selected samples was

unsatisfactory and the collection of the corresponding fresh and piled barks was incomplete.
2. The selected samples

The abbreviations of the selected samples were as follows : HW-Bf means fresh hardwood
bark, HW-Bp piled hardwood bark in an open yard and HW-B-C-C hardwood bark-chicken
droppings compost. The same figures were attached to the corresponding samples.

The main species of fresh barks and their piling periods are shown in Table 1.

Part of the selected factories used {resh bark and the rest used piled bark for the main
raw material of the bark compost. The fresh bark was not fresh in the strict sense of the
word. Though it was just debarked, the logs had been piled in a timber yard for a certain
period. Each fresh bark listed in Table 1 was also mixed with a small quantity of a miscel-
laneous species of hardwood bark. Furthermore, HW-Bflg ana 15 were mixed with a small

quantity of pine bark.
3. Brief description of the manufacturing process

The ratios of auxiliary raw materials and the manufacturing process, 1. e. the periods of
the thermophilic stage and the ripening and the frequency of turning, are shown in Table 2.
The barks of deciduous hardwood, such as Fagus spp. (beech), Quercus spp. (white ocak),

Betula spp. (birch) and Carpinus spp., were used in the northeast district and those of ever-
Received June 16, 1980
(1) (2} (3) 4) Forest Soil Division
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green hardwood, such as Quercus spp. (live cak) and Castanopsis spp., in the southwest district
of this country for the main raw materials. About half of the selected factories used fresh
bark and the rest used piled bark for the main raw materials. The bark was blended with
the air-dried chicken droppings and urea or ammonium sulfate in almost all of the selected
factories, but it was blended with only a large quantity of fresh chicken droppings in the rest.
The addition of the commercial inoculants prevailed at that time of sampling but nowadays
it is out of use in the greater part of the factories.

The fresh or piled hardwood bark was hammer-milled, passed through a 10~20 mm sieve,
blended with the auxiliary raw materials and the moisture content of the mixture was ad-
justed to about 60%. Then it was piled in a long windrow in a open yard or piled in a
concrete pit and kept for several months, including the ripening period. Frequent turnings

were undertaken during the thermophilic stage.

4. Amalytical methods

The analytical methods were the same as those of Part 139,

5. Chemical properties and compositions of the selected fresh and
piled hardwood barks (Result and discussion-1)

The chemical properties and compositions of the selected fresh and piled hardwood barks
were expressed in Table 3.

Among the fresh barks, HW-Bfy, 5, 5 ana y were deciduous hardwood bark and HW-Bfg anda 13
were the evergreen hardwood bark. HW-Bfg was mixed with pine bark which amounted to
about 10%.

No distinguished difference was recognized among the fresh hardwood barks, but they
were noticeably different from the fresh hemlock barks stated in Part 119,

The following facts on the fresh hardwood barks were worthy of note. Their high N
contents of 0.50 to 0.65% decreased their C/N ratios to the lower levels from 73 to 98, more
so than those of the hemlock bark®®, Their mineral contents, i.e. POy (0.07~0.11%), KO
(0.13~0.48%), Ca0 (2.1~3.3%), were also remarkably abundant compared with those of the
hemlock bark. However, their MgO contents (0.10~0.20%) were similar to or a little higher
than those of the latter. Their water soluble C, NH,~N and NOz-N contents and the ratios
of water and 2.5% acetic acid soluble PyOs to total P;Os were low and they were similar to
those of the latter. Their lower ratios of 2.5% acetic acid soluble P05 to total PyOs suggested
that the greater part of PyQs was of the organic form. No clear difference was recognized
on the pH values (4.8~5.0), CEC (42~51me/100g) and EC (0.4~-0.5m mho/cm, 25°C).

The abundant nutrient contents and low C/N ratio of the hardwood barks would be of
benefit for the decomposition of organic matter and the composting process.

Comparing with the hardwood sawdust stated in Part 219, the barks were remarkably
abundant in nitrogen and minerals except K0, low in pH value and remarkably large in CEC.
Those facts indicated the general trend in the differences of chemical properties and compo-
sition between bark and sawdust.

The piling of hardwood bark in open yards induced the following transformations of their
chemical properties and compositions : N, POy, CaO and MgO contents, the rates of 2.5% acetic

acid soluble Py05 to total POy and CEC were noticeably increased but on the other side C/N
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ratios and the ratios of water soluble C to total C clearly decreased. It is commonly recognized
that Kj0 is easily leachable from plant residues. The distinguished decrease of K30 of HW-Bpy
would be due to its very long piling period of 4~5 years. However, the increase of the KO
content of HW-Bpg compared with its fresh bark was not ratiocinaled. "Their nitrogen and
mineral contents except K0 of HW-Bp, were remarkably higher and their C/N ratios were
much lower than those of the piled hemlock bark®. The remarkable differences between
piled hardwood and hemlock barks reflect the above-mentioned differences of their fresh barks.
Their CEC (mef100g) reached to 53~67, except for HW-Bp, which was piled for an ex-
traordinarily long period, and those of the piled barks of less than 2 years were 53~€0.
Their pH values were nearer to neutral but they were quite different from those of the
piled hemlock bark which was still acidic at pH 5.0 after three years. It would be due to
their abundant base contents and the better microbial decomposing process of organic matter

under more abundant nutrients, such as N, P;0s, K0, etc.

o

6. Chemical properties and compositions of the selected
hardwood bark composts (Result and discussion-2)

The chemical properties and compositions of the selected hardwood bark composts were
expressed in Table 4.

The distinguished differer among the selected bark composts due to their ratios of

auxiliary raw materials and the manufacturing process were recognized. However, the chemi-
cal compositions of some of the composts were quite in disagreement with those estimated
from the main raw materials, fresh or piled bark and the ratios of auxiliary raw materials,
but the authors could not clarify the causes.

Comparing with the chemical properties and compositions of the hemlock bark composts
stated in Part 11, the differences described hereunder were recognized.

The hue of the hardwood composts was brownish-black-~dark brown and the greater part
of them was 7.5 YR 3/2~2/3 and the rest were 7.5 YR 2/2, 3/3 and 3/4 and 10YR3/3 of the
Munsell color chart. On the contrary that of the hemlock bark composts was dark reddish
brown, 2.5~5 YR 2/3.

The carbon contents for the most part of the selected hardwood bark composts were 45
~50% but a few of them were about 40%. The low C content of the compost suggested the
admixture of soil particles because of its low N and mineral contents.

Nitrogen contents were in a wide range from 0.8~2.4% and the C/N ratios were widely
different from 19 to 63. On the rough assumption that the moisture contents of fresh and
piled bark was 50%, their N contents 0.5 and 0.6%, respectively, the C content of chicken

droppings 40%, their N content 5%, the moisture content of the air-dried ones 20% and that

of the fresh ones 75% and an added amount of N from urea or ammonium sulfate, the roughly

estimated C/N ratios of the barks blended with auxiliary raw materials stated in Table 2 at

the very beginning of composting process would be about 30~ If these estimations were
true of HW-B-C-Cyo, 11 and 19, the causes of their C/N ratios being very high in the range from
45 to 63 could not be elucidated. In the authors’ opinion, their low PyOs KO and CaO contents
suggested that there were some errors in blending with the auxiliary raw materials. The N

contents of HW-B~C-Cy, 5 ana 3 were over 2% and their C/N ratios were about 20. Their ex-

traordinarily low C/N ratios were worthy of note. The longer period of the thermophilic stage



and the much longer one of ripening in relation to the rest were something in common. In
the authors’ opinion their more advanced decomposing process of the organic matter in longer
ripening period as compared to those of the rest brought their low C/N ratios and high con-
tents of PyOs, KoO and CaO described hereunder would support these ratiocinations.

The water soluble C contents were very low in every selected bark compost.

In the inorganic N, NH~N were very low and their maximum value reached only 115 ppm,
and NOg-N were similar to the NH,~N level except for the high levels of HW-B-C-Cj; ana g
which were 511 and 366 ppm, respectively. The very low NOs-N level of the greater part of
the selected bark composts was distinguished from that of the hemlock bark composts!® and
it will be discussed hereunder in (6) in detail. The differences of P;05 among the selected
composts were noticeable. Extraordinarily low PyOjs contents of HW-B-C-Cyo, 11 and 1o were due
to the same causes as their low N contents as above-mentioned. The high Py0s content of
HW-B-C-Cys (1.36%) was explained by the blend of abundant fresh chicken droppings, about
the equivalent of 95 kg in dry chicken droppings per 1 ton of bark. That of HW-B-C-C;
(1.48%) would be due to its high PyOs content of HW-Bps and the additional blend of calcium
superphosphate. However, high P;05 contents of HW-B-C-Cy ana 5 (1.88 and 1.47%, respectively)
were difficult to ratiocinate because of the same causes as their high N contents, i. e. the loss
of large quantities of organic matter during their long ripening periods as above-mentioned,
was assumed, but the abundant losses of N were also nesessary to explain their narrow N :
P,Os ratios.

As the water soluble and 2.5% acetic acid soluble PyOs were separately determined, the
latter includes the water soluble one. The ratios of the 2.56% acetic acid soluble PyOs to the
total were 45~80% in the selected composts and they increased according to the increment
of total PyOs contents.

The lower Kq0, Nay0O, Ca0O and MgO contents of HW-B-C-Cyg, 11 and 35 as compared to those
of the rest were due to the same causes as above-mentioned on their low N contents. The
Jow KO content of HW-B-C-C, (0.26%) seemed to be affected by the low K;O content of
HW-Bp,. As K 0O is easily leached out of the plant residues, so the leaching of K,O would
be accelerated by its extraordinarily long piling period. The higher contents of these elements
of HW-B-C-Cy-4 a8 compared with those of the rest, especially the extraordinarily high CaO
contents of HW-B-C-Cy and 3 (7 and 8%, respectively), were dificult to ratiocinate as well as
their above-mentioned POy contents.

The range of Cl contents were from 260 to 1,670 ppm. The Cl content of the bark compost
is mainly due to that of the chicken droppings. The low Cl contents of HW-B~C-Cyp, 11 2nd 13
would be explained by the blend of less chicken droppings than the other composts and
likewise the lower contents of the other elements. However, on the other side, the low Cl
contents of some of the rest were also recognized, i. e. HW-B-C-C;, 6 and 15, Though CI is one
of the easily leachable elements, its rate of leaching is affected by the thickness of the compost
pile!®, So it is difficult to elucidate the exact causes of the above-mentioned differences among
the selected composts.

The CEC (me/100g) of the

the above-mentioned compost of fresh and piled barks, the increase of CEC according to the

ected bark composts ranged from €0 to 103, Compared with

composting process was recognized as a general trend. Among the selected composts, CEC
of HW-B-C-C;-3 which were piled for longer periods and lower in C/N ratio than the rest

reached 88~-103. On the other side HW-B-C-C;; secemed to be immature and was only 60.
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Those of the rest ranged from 69 to 94. Though HW-B-C-Cy and 15 seemed to be immature

o~

as HW-B-C-Cys, their CEC reached 78 and 82, respectively. So the exact cause of less CEC

for HW-B-C-Cyp was not elucidated. Moreover, the correlations between C/N ratio and CEC

of the selected bark composts were not recognized as a general {rend.

The pH values of HW-B-C-Cy., blended with urea as an N source were from 7.10 to 8.10
and on the contrary those of HW-B-C-Cq.15 blended with ammonium sulfate which were from
6.40 to 7.25. The blend of physiologically acidic fertilizer, ammonium sulfate, showed a trend
to lower the pH value of the bark composts. The lowest pH value of HW-B-C-Cs, i. e. 590,
would be induced by the additional blend of physically acidic calcium superphosphate and an
admixture of a small quantity of pine bark.

The EC values of the selected bark composts were less than 1.5m mhojecm (25°C) except
HW-B-C-Cy which was 3.0.

The chemical properties and compositions of the hardwood bark composts were widely
different as above-mentioned. Comparing with those of the hemlock bark composts, the above-
mentioned distinguished differences between the fresh and niled bark of hardwood and hemlock
were lessened by the blend of auxiliary raw materials, but the remarkably low contens of

R

NOg-N, high pH values, high Ca contents, low Cl contents and low EC values of the hardwood
bark composts were noticeable. Among them the remarkably low content of NOg-N attracted
the authors’ attention and they were closely related to the assimilation of urea- or ammonium
sulfate-N by microorganisms and the mineralization of organic N during the composting
process. The authors wish to discuss this problem in detail in the following chapter (7).
Other above-mentioned differences seemed to be reflected from those of the fresh and piled

barks of hardwood and hemlack.

7. Organic N forms of the selected fresh and piled hardwood barks

and hardwood bark composts (Result and discussion-3)

The organic N forms of the selected fresh and piled hardwood barks and hardwood bark
composts were stated in Table 6.

Comparing with those of the hemlock barks and their composts, the distinguished dif-
ferences described hereunder were recognized.

The hyvdrolyzable-N of the fresh hardwood barks ranged from 81 to 87% of the total N.

nt and 41~45% of

Among the fractions of the hydrolyzable-N, amino acid-N was most abun

the total N, unidentified-N ranked mnext, amide-N followed and amino sugar-N was scarce.
The organic N forms of the fresh hardwood barks were similar to those of the {resh hemlock
bark.

Though the gradual decrease of hydrolyzable-N and amino acid-N and slight increase of
amide-N and amino sugar-N were recognized on a part of the piled hardwood barks in the
open yard in comparison with those of the fresh hardwood barks, those transformations of N
forms were not so distinguished as a whole.

The reports of Bremner® and some Japanese researcher suggested the assimilation and
conversion of the added inorganic N into organic N by microorganisms during the early stage
of the composting process. The authors presumed that the similar transformation of the added
urea- or ammonium sulfate-IN Wou?td_be done at the early stage of the composting process of

the bark. The synthesized organic N, N of the fresh or piled bark and chicken droppings
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were successively transformed during the composting process. The decrease of hydrolyzable-N
and amino acid-N and increase of amide-N of the composted barks compared with those of the
fresh or piled barks and chicken droppings were recognized. Furthermore, unidentified-N
also decreased and the changes of amino sugar-N were vague. Those trends were similar to
those of the hemlock bark composts described in Part 1¥ but the degree of transformation
of each fraction was less than that of the hemlock bark composts. They well agreed with the
transformation of the N form in the composting process of wheat straw after Bremner® and
with the decomposing process of the A, layers of the forest soils, after one of the authors!.
Keeney et all® also pointed out that the mineralization of soil organic N was done in the each
fraction of organic N, but amino acid-N was most rapidly mineralized.

Summarizing the above-mentioned results, the decrease of hydrolyzable-N and amino acid-N
and increase of amide-N characterize the transformation of organic N forms in the decomposing
or composting process of the organic matter as a general trend. However, the transformation
of each fraction of organic N did not seem to proceed at the same tempo in all cases. For
examples, HW-B-C-Cyg and 12 which were immature as expressed in their large C/N ratios gave
a fair decrease of hydrolyzable-N but only a gradual decrease of amino acid-N. On the other
side HW-B-C-C; ana o which were especially low in C/N ratios and seemed to be at the advanced
stage of the composting process showed the remarkable decrease of hydrolyzable-N and amino
acid-N but their changes of amide-N were vague in comparison with those of the rest. Further-
more, the decrease of amino acid-N and the increase of amide-N were distinguished but the
changes of hydrolyzable-N were vague in the composting process of hardwood sawdust-hog
excretion compost described in Part 219,

It is well known that the C/N ratio of the plant residue strongly affects its mineralization
of organic N at its decomposing process. The mineralization of the organic N of plant residues
corporated in soil negatively correlates to their C/N ratios. As a general trend, the period of
uptaking the mineral N of the soil by soil microorganisms is more prolonged at the early
stage of the decomposing process of organic matter and the mineralization of organic N pro-
ceeds more slowly at the successive stages according to the increase of their C/N ratio and
vice versa.

However, it is also true that the mineralization of organic N is affected by not only the
C/N ratio but also the composition of the organic matter. The effect of the composition of the
organic matter on its decomposing process is a very important factor for woody wastes, such
as bark and sawdust. For examples, Borrex et al.® pointed out the following facts : The decom-
position of pea residues, low in C/N ratio, were not accelerated by the addition of inorganic
N but it remarkably hastened the decomposition of herbaceous residues, high in C/N ratio
such as straws, etc. On the contrary, the addition of N was not effective on the decomposi-
tion of Douglas-fir sawdust incorporated into soil with an extraordinarily high C/N ratio. Its
abundant incorporation into soil brought no N deficiency and brought an increase of yield for
a certain crop. They explained these results by the high contents of lignin and lignin-cellulose
complex of Douglas-fir sawdust which is very resistant to microbial attack. Arison et alD~®
also examined the decomposing process of woods and barks of softwoods, including pines, and
hardwoods and they summarized the following result as a general trend : The much lower
decomposition rates and requirements of N for decomposition of woods and barks of softwoods
than those of the hardwoods were recognized. The addition of inorganic N did not accelerate

the decomposition rates of the wood and bark of softwoods but it increased the decomposition
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rates of the wood and bark of hardwoods, especially the wood. The authors could not get the
correlation between the C/N ratio and the decomposition rate or the N requirement on their
data. Some Japanese researchers also found a similar trend in the decomposition of the wood
of soft- and hardwoods.

Summarizing the above-mentioned previous results, the authors drew the following opinion :

The decomposition rates of plant residue are affected by their ratios of C to N which are
easily available for microorganisms, but not by the ratios of C to N of whole organic matter,
On the plant residues, such as barks and woods abundant in uneasily decomposable carbo-
naceous compounds by microorganisms, the C/N ratios of whole organic matter are not able to
be the index of the decomposition rate and the mineralization of their organic N.

The authors did not examine the organic matter composition but the higher contents of
easily decomposable carbohydrates, such as hemicellulose, cellulose, etc., are to be found in the
hardwood barks rather than in the softwood barks as assumed from the general trend of wood
chemical composition. So the assumption that the C/N ratios of the easily available organic
matter of softwood barks are less than those of hardwood barks would be possible. The more
rapid and advanced mineralization of the organic N of hemlock bark composts as compared
to those of hardwood bark composts and the above-mentioned remarkably more abundant
NOg-N content of the former than that of the latter would be easily realizable.

From the above-mentioned results, though the opinion that the NOsg-N content of the bark
composts would be an index of the proceeding of the composting process is adaptable to the

hemlock bark composts, it is difficult to apply it to that of hardwood bark composts.

8. The humus forms of the selected fresh and piled hardwood barks
and hardweod bark composts (Result and discussion-4)

The humus forms of some of the selected fresh and piled hardwood barks and hardwood
bark composts were expressed in Table 6 and Fig. 1~3.

On the humus compositions the following results were obtained :

The extraction rates of humic and fulvic acids were low and they were only 10 and several
per cent in total. The extraction rate of each fraction of the piled barks decreased in com-
parison with that of the corresponding fresh barks but they increased in the corresponding
bark composts. The C,/C; ratio increased in the order of fresh barks—piled barks—bark
compost. The above-mentioned changes of the extraction rates of humic and fulvic acids and
the C,/Cy ratios of the hardwood barks expressed a similar trend to those of the hemlock
barks but the degrees of change of the former were remarkably less than those of the latter.
Furthermore, the extraction rates of humic and fulvic acids and the C,/Cj ratios of the hardwood
bark composts seemed to be unaffected by their C/N ratios and the manufacturing process,
composting period, frequency of turning, etc.

On the absorption spectra of humic acid the following results were obtained :

The absorption spectrum of HW-Bfy expressed the shoulders at 500, 420, 360 and 280 nm.
The other fresh hardwood barks expressed no absorption band except the shoulder at 280nm
that would be due to lignin in HW-Bf,, The other shoulders at 500, 420 and 360 nm were due
to the components of pine barks mixed in HW-Bfy in a small quantity.

On the piled barks, HW-Bps still expressed weak shoulders at 360 and 280 nm but those
at 500 and 420nm disappeared.
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No absorption band was recognized on all of the bark composts.

The shoulders of the absorption spectrum of humic acid of the hemlock bark, i. e. 560,
500, 420 and 280 nm, as stated in Part 11 and their changes in piled barks and bark composts
were quite different with those of the hardwood barks. Those differences expressed the
characteristics inherent to bark spp.

All of the humic acids of fresh and piled barks and bark composts of hardwood were
classified to the Rp type of humic acid and they were judged to be immature compared with
the humic acids of the representative forest soilst®.

Comparing the humic acids of piled barks with those of the fresh barks, the diffences of
4log Ky (log Kyo—log Keoe) were vague in HW-Bps nad 7 but 4 log Ky (log Keso—log Kgso) and
the Rf increased in all of the piled barks. The decrease of 4 log K; and 4 log K; and the in-
crease of the Rf of the bark composts were distinguished in comparison with those of the
piled barks. It is generally accepted that the advance of the humifying process is expressed
by the decrease of 4log K; and the increase of the Rf of humic acidl®®, especially by the
latterl®, Those transformations were not so clearly recognized in the stages from fresh to
piled barks but they were distinguished in those from piled barks to bark composts. However,
the opposite trend, i. e. the increase of 4 log K; and the decrease of the Rf of humic acid from
fresh to piled barks in HW-Bpg, mixed with a small quantity of pine bark, were an unexpected
result. It would be due to the existence of peculiar components in pine bark which chemically
react similar to humic acids. However, this detail was left for a future study.

The very significant negative linear correlation was recognized between 4 log K; and the
Rf of humic acids of the examined hardwood bark composts. It is very interesting that the
regression curve is quite different from that of the representative forest soils including A,
layerst®. The relatively high Rf but high 4 log K; of the humic acids of hardwood bark
composts were quite unique. Perhaps it may characterize the humifying process accompanying
the thermophilic fermentation.

Considering the characteristics of the optical properties of the humic acids of hemlock
barks and their composts stated in Part 1%, i e. the high Rf of their fresh barks and no
clear change of the Rf and the increase of 4log K; in their composting process which sug-
gested the existence of peculiar components, the optical properties of the humic acids of the
hardwood barks and their composts are quite different from those of the hemlock bark and
their composts. However, the difference of 4 log K; and the Rf among the examined hardwood
bark composts seemed to express no clear correlation with their maturity estimated with their

manufacturing process, i. e. composting period, frequency of turning, etc., and the C/N ratios.



