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Hiroshi Kawapa @ Studies on Woody Waste Composts Part 1

On the hemlock bark composts

E B COUROTBIE, BACBY MBI ORE S ~am v 25— 7, RIEROHR
%, FUTHRBEEGDEED~ LTy 7»\~/iffJFO)VUM@M%UJ&E*ﬂwmcL T, LRy Y
e JHERBIC DN T OAMITE R AR T 3 & & b, HEPRRICE T 2 BEDfREA KD %
ZEIH o Ts

(LN K OMRIC DT, €, N, KAV C, 4 Ko0, Nag0, CaO BXU MgO, /K
¥ PoOs, 2.5% Mﬂﬁﬁﬂ]f?\i P20s, 4= PoOs, Kiffk: Cl, pH, CEC, EC %, DILREIC DT,
NH4-N BLU NOg-N, FHEAE N O E LTI N, 7re=7- N, 73/
BN, 73 /8ENBICLRE NE, BHEOEEBCDOTE, EBHEBE X RO kO
,?mk, B OB R =7 v, ZOMOIFEE A S e Ui,

- «U—)}'f\‘éﬁxv (/\(D)vffr)lf\)-\wj SN NI,

1) BETHIRO N — 7 HER O —RINTERETH 2 WIS X OB N BRiNc & s ~Lmy 75—
7 HERE DA BRI EE R, BITO 7 ZHB X DR D ENAS, ThSABAsEIEkhc kT 5
LOTH 5o

2) N OJEEBICD0TE, BB y—2 QMR IC B 2 43S X CEEIER I O HEIE bk
BROMTICE BT, WASREN BLOT I /BEN 0 Nicwd s BEDOMAHBID &5
Hbbnic, % fl/x— ”mft}&luumﬂ%ﬂﬁ N T Ko NOg-N ThHvH o, NOs {LA% 7y s

FLmNC EnEDLNT,
3) JBHEOEBICOLTE, —711LHL&UE@m)ruomnk:bow IR O YRR, SRk Y —
mmaﬁ L, HERRLSRR I 0 2ZALIR A0 572, 1, BB ORFOEE IR

LEED SRR & 1078 D BUA TR S ‘f(—ﬁii)ﬁ,ﬂi.?)ﬂf:c

1. & LU &

OBEORMITEIC BT LEEM— N~ D, AW, ¥y 742 b, ZOMTIRARK 800 T
ton ICET 24 EHEE ST DA, KRNSO LESN, AERE LU TASIHEICY2DdH
bo TR T T IR O BBHEIC B 1 D LEINRL D £ ] & A BETIR O JE A il D i aske &, £
DI DWHAT TEM I DRERS HIL DB A% {70 - T fofodic, fyBRE IR o B PEDS BN R
1ok S A

L5

DHRICH T 5 REBEMHEN D EBEE A<, 1956 46 & M Dilic, UM A 7 X% EJR
BHE Lo R MEIO B S HEN QLA ERTH o700 T D 1969 4D /3~ 7 2R & Lok
HEMBEIE O KBS B LB S N, T OWAETY 51U L

BAEERIND —R%E 12 & D,
1976 4Ei00F 26 7 ton (HEGE) 123 L, BIETE N — 7 BRSO BEMHEHED KB4 b 2108 - T

L9784 7 13 H &4 +  #—20 For. Soils—20
1) £Lx>5#
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TNDD -7 WL, BaoNa, J) -y RiCEY 2RE, HEORE, BEE, A, HER
A, Z4g, Bk 0 ARMEBICARBESHFETRAIN T S,

T DEEMAERERE GEE) OFRELTASE, 4XTRERERTHBHEORRE LTH
NHENTWAEY 7, BE, BREQEEL~NEE, —RICCON IBFLIKREL, V7=V, Tra—y
— NV = VEATETE EOBARMRAS ORE S E L, WENOSRIERICHT RN REDE VA
Bo &I, MRICK - TREIELN, 7=/~ VEBREOEVOEEREVELEUBA DI,
Plbo X Hic, KEREMEHEEREICY > TOMBEA b D280,

BN — 7 HEE O BE s AESHICE AL, AEESREBNICHEAT 21co0T, FARERBICL5EME
YOWERENFESERBUOBERREOM THB LRI ENE B> TE e, MBCZIDRDN
WA LT, REBMHERERICOOWTORBIEBLESE B> TE i,

REBEVMHERICET 243 TOMEKR, & UTHEOMFBEEFAECEDIN, BROWE, MRS
ERZOVTOMREELHTHIL, FOA T 7 ZHRI>NTIE 2, 3OHEMNRONDL, BED
REBEMHEROFEHEL LTO AN~ 7 B2V TRIZEAERE 510,

FEHICOL D WRBICHB LT, KREEHHEOFRILETERLE LT, STEEOREREMEIRICD
W, MWE, M, HEEGERRZEZHONCT I EESIE, e TRREDIREREERY 5 LA
WUt BEEMBEROFEREL LTS v— 7 HBIR, FFEEOEIS RS &, A~sn vy 73—
EEELRER N7 ZER ST A BOBERER L TNS, AHBETAM~NL 2y 73—y 2R E
T B 7 HERIC DN T DR RABE T 5.

2o # R OB M

AEEER Uic~bm y 78— 27 5 XO—80 S — 7 JIEEERIT, #RREKT O EKEAMEERR

HAEDCEBI L > TREINZEDTH S, MABIKELTLLSOR#ERT IRETH S,
2-1. ALy PN—9

AEEER Uic~smy 75— 713, ARBRIFERIN M EZY VI N—h—TFKRL, ZOBICHH
ENFeri— 7 BESCHERITRD O D TH 5. BERMATHEL TV E v— 7 B, #3~44FH
BRI b OEFERIE LT3,

TREDN—7 BESK6m DT 1 v 7 RICENENET ton OHMTHREINTIc, Koyv— 7 HE
7oy 7 BERETETIR2~3HARET L E0DNR TS, UTIRTHE S~ 7 OB 05
FMERGR THE D DB Uico BB ORI/ N— 7 DR 7 v v 7 ORIE%2H LT, AEOFHE» S
W3~ 4kg 2RI, 2REMYUCEEZEI CBAL, —#H % B (1mm 2T LTHRICEL
720 TNODN—7 RAEM (HH) BELMHELTOEEDOBE - 7chs, KEWOSERTTHT, £
DOF FHE L7,

R LI — 7 HBORBRERDEBDTH B,

HB-1* : Frigi i 2 Ao Fils—2, B3N 6m OMBOFEI M4 m OB, SHI LI,

HB-2 : B 145, o7 v v 7€ HB-1 LEBOMETHRR Ui,

% HB : Hemlock bark DB,
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HB-2a 3 XU HB-2b : HB-2 LR UHER 70 v 7 OTFPOEX 1 ~2m OFEIHIC, PN TH -7
2, A& AL ERENEL L, ARNGSEETIEE QCEMIHEATINS &35 5N 2 WML L
Tz, COREOBIEARHTH 20, TOWSREIE D 20 BRERE <, BEITIREICH 72
TN T EPBERES NI, DS OELEREE DY THERL A~ LT » 75— 7 OFRETITNIBAIT
EEZFD, NIERIZEBEAEERBEATOE P 51,

PR U7 RHE 4y LG, — T 3B e o sk & Mo LT HB-2a & L, {73 LR %
BCIEWLT 2mm THHIL, FEICHRIC CHE LR & I ATO 285720 28 T HB-
2b & L,

HB-3 : Friafidsy 3 46, HB-1 5 XU HB-2 S 3REAHR T 0 v 7 O &4 2 m OFEFT M
Lize YIFD~say 78— WRORMERE L ORRBB O T o v s D/x—0Th 5,

2-2. % # (C-1%)
HETWA LB ia% (BIH) 284 - LTt L
23, ALy JR— TR
ANLT oy o= 7 HERIZIRD 8 A Lc, cMSDfE~ 2 a7 o5— 7 HEIEORIER O T4 Hld

Table 1. figh~ow v 73— 7 HEEOBIFRI O AT
Ratios of auxiliary raw materials of the selected hemlock bark composts

(~2ay 75— 1ton 2D :1ton hemlock bark basis)

. . a5 | 3 } I Twa—u
WO 4 Rpekent | R OFE pS—idasA BEEREE W 6 K
Name of | dropoin | ‘ Waste solution Calcium
sample* LOPRIngS Urea Vermiculite of alcohol hydroxide
(air-dried) | i p )
B I | | fermentation
HB-C: 1 — — 20 kg -
HB-C. — ! — — — 15kg
HB-C-Cy 50 kg | 10kg 5kg — ; -
_ i: | N i
1 1
HB-C-C. 72.5kg 7.5kg [ — | —
|
HB-C-Cs 30 kg 10kg | — 15 kg —
HB-C-Cy | s0kg | 10kg 5kg — —
HB-C-Cs | 1,000kg _ -
HB-C-Cs 1,000 kg 1 — — _— —

|
W) x BRSO SR AL B R
HB-C-Cy4 i2THIRG, bW &M (RXEID
Remark) * The abridgements of sample names are stated in summary.
HB-C-Cy4 is one of the composts on the market and others are the trial products.

* C : Chicken droppings DB,



— 50 — WEABRGIIERE #3015

Table L IC/RTEBDTH D, CNOORMERB IUERBRIOTNEBNG L UBRAN OHEE TGS
NzbDTH b,

HB-C~Cy*! 5 £ U HB-C-Ci~Cg : T 5 IR EMAMAICE N T HES BT 5,
Z® > % HB-C-Cy~Cy RBAMR S N T 55— 7 HEEO—BIGEEAICE LT 5, ChbORME

Sl RO N~ 7 1 ton OFEIT, HEEMIR 408, WORL 2[E, TOREBMEK1»AERELE

HB-C-Cy : HIRD~ 20y 75— 73R, BIERME T ~av v 75— 7 HEE: BRETH 5%
SEREIBE R LT E QT & LT LSRR TH 3,

HB-C-Cy~Cs : BHUKERNSZORBAITIE “BMKERICE Y 2 BB RANERCE T 5T orb
O “FEERBICZONBEENICETAPE" KBNT, BEOREALEECIKEHILT, =7 1B
# (A W (EEH) #1:1&0TC, BAKERPHREMAICETLL CAE LBERTH 5. BEHRE
oS — 7 %51 ton HEREHARA 3 2, WIDIRL 2@, HB-C-Cs i3 1975 fFOMET, BEHEHED & Lz
WBT1EMITR L. @, HB-C-Co 131976 FORAT, HRBMMG 1A EZRE LcBBETHAL
7o

3. o W H &

3-1. SR EO®RE
3-3-1. FHEOREICE 720 MEBE N REOCELE X UEKE N OEREL LT MgO EH
& Conway OBEBIRBITHED O IR

Skl 0 B I EEEEE N BT IC B2 R onic, Wik N oERiciasenste et s &
HE L, HFTAOBE—2R R AT 27201, B oRE JUMINEVE ST 856— & IO
IEHEIE DB E— D78 IS0 Hs, K DEWFHEEE OB FHI—RIC S oy TIRERBEBE 0,

Uleio T, iR N O EBICRE NS & 2RO TRESRVE R UTHRT 2 C e Licds, &
BT b0 - CTHBE N BESEOL S RENT 2pEHITIC LI Uk,

BT, fEHE N OEROD O/ — 7 HIE0 10% KC1 B IR ERIIC X 2 E 00550, MgO &
HEOBRICREEIOSRICE S NHAN OERICK - T, BELZET2WREES THSN, 2O
AT A i, FUEMEE N T MgO kL Conway ik & DO RIRAR S 720

HRBR E U T, HEOMDOL AL By 75— 7 —HIHEIR 4 A8 KORIER A 777 Z—REHE 1
B, BT AR, ZhaNEtth s I ORI OO THITETT - 1o,

SR EE, MgO B TR (3-2.) OMEEE N oEREERFICTY, Conway Hiid MgO 7%
HEEEU KCLZEERWTER L,

SEERE Table 2 IL/RTEBDTH S,

HHERRE O NHe-N 3550 NOp-N IS MgO #8115 & Conway [ETIRIZ LA SHENR ONIL
ste Ll C, MgO BEHEOBSICERYONRIC L 5 NHAN QAR SNisd -k,

NHN 3 X0 NO-N BET WINoEk s B & - TN U7z, Fissklo NH-N EEOEN

*1 HB-C : Hemlock bark compost (without addition of chicken droppings).
*2  HB-C-C : Hemlock bark-chicken droppings compost D&,
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Table 2. s L OBEIZHEN O NH-N 35 208 NOg-N J4E o Hik
Comparison of NH;~N and NOg-N concentrations of fresh

and air-dried composts
(#4724 ppm : ppm on dry basis)

NHy-N N 03~ IR
@B 4 . - S S — . D K ﬁJ\
oo B i@ | g w | Moisture
Name of Fresh i Air- drm Fresh Air-dried frosh
compost - T — T -
*2 *2 \ | | | compost
A B A : AB 1 A B A B | (%)
; o~ | 82,7 84.0 2, M’) 2,550 3,1 O 3, 080 c oo
IgB“(..z (/,K (369) (]OO) (L?Z) {)\).9
— S— “ — ‘ - ,,{ S - — ‘1 _— ' . "
~ | ! 30. 8 | 1,400 1,480 | i _
HB-C-Cs | = (362) — | (100\ — (106)‘ 56.5
- 15.7 14,6 1 32.5 | 31.9 230 235 303 298 | o
HB-C-Cs (100) (207) (100 (132) ;; o8.1
— L S—
- 5.2 262 990 1,080 -
HB-C-Cs (100) (504) (100) (109) >7.1
| i ) T i |
. . 1,340 | 1,430 1, 800 1,810 942 950 | 1,240 1 230 | ce -
P — %1 » y ? y | y i 3y P
BS-H-C« (100) (134)] (100), (132) 55,2
1) *1 BS-H-C RIKER A 7 7 X—KIEHE DO
*2 TTEE Ac-MgO #EEE, BConway
Remarks) *1 BS-H-C is an abridgement of “Broad-leaved deciduous tree sawdust-hog droppings
compost”

*2  Analytical method : A---MgO distillation method, B---Conway method.

NIy J N g R OB G id, BRI LD NHeN o8ins (R alk [ gialrl, ~f— 2> 1)
BELEL 20150k L7eds, BIlBRASVLDOTIES» o FtRCHREL/R UL
WA 7 X—JFFHENE D NHe-N &5 L Ok 0 NOs-N 2B 0 [flE % O BIERIT, §9 134% &5 & U 106
~132% W E T » oS, BINEE LD KE D -1,

LRI, N 7 HEL D AR N OBREE O BN IZE R A E L& LT h,  (WEFEREE DR
BAET 2 HINOEAICE, & IRAXRMMIBSOhEEL O,

312 2% 7 x VEETIE PoOs & 2.5% T[T PyOs O ik

N7 WL DR A A Beat 3 A Bi e, POs OTRBIREBEREN O -2 THAHH . MEEY vk
BHEEOBAICHED T, @tk POs & U TlIEH: PaOs £, 80 POs & LT2% 7 = YA PoOs
DFEEZAH U,

Y TT VI EIC K S POy OB OEAI, Wi s » YlBSERT A EAiEE Y 7
FUHBT ves U sl TRPLOEEE BN T D0, ) yED TF Y I -0k sn G, FE
FOTHT 2+ ORFE T, Wt 50ml thic 2 % 7 = VEREIEOERINES 0.5 ml LIF o Lyaicid st
BUER R ONAEP -7, 1ml TROThRHEENRRE O, 1Loml Y ELTRIRNEOHEAICEEL T
PR I3 BIC RN %o WIBEE LT, =) 77 VRT V' = U A ORNEZ A S & TR D

[AlBEA 3 A 728, TR TS EEALR SIS o fo e HEN DB o 2 & v kA HNOg 720 L HCIO,
ZHOWTH)RETZHER, SFREORMS 2ME, v—F 4 Y7 =2 KEHHE S TO0EN,, S 51,
b UE MR IS POy AT 2B NI E DN 15 5
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Table 3. 2% 7 = VIR B LU 2.5%

FERE AW T K B POy D Huli

Comparison of PyOj concentrations

of compost by 2% citric acid and
2.5% acetic acid extraction

M %
=B A\2/71/%T@25/mm7ﬁ

: Per cent on dry basis)

Name of | | 2% citric acid 2.5% acetic acid
compost soluble | soluble
C-1% ‘ 2.53 ‘ 2. 80
HB-C-C: 1. 30 1.26
HB-C-Cs 1,26 1.25
1
HB-C-Cs 0.51 0.52
HB-C-Cs | 3.76 3.79
BS-H-C; 5. 46 5.52
|

BS-H-Cq« 6.24 i 5.97
B‘E) * C li%%ﬁ@lﬂﬁ - 7

Remark) * C is an abridgement of “chicken

droppings”.

hoBaic
—OREBEEZIR SN OFELD 5DT, 4%
3-1-3.
RIBEL S L CBEA RN LT
Ca BENEHOBEMBE,
WTT s RE A2 A 5
e R~ w Y 7N —7

Ca g1z >\

kit lic,
HEJE (HB-Cy),

AN A—EFEHEE (BS-H-CO* O 3 A THB*%
DFIIEIEBRORR LB OBHO LAY SEKOFEERNT,

7o
ST Table 4 [ RTEBVTH S
Ak o Ca Mg hE IZ

%1 12%, HB

P logkRap &, KREEEMHED

PREEBRBRIS T S i

ROFNS EbOTEL—RUIERSEONI, 2.5% B
LOHEERND

g Ut AB BEMHER
ZDE S EAICE Ca BUSHINZ W ITHE

NI oy N —

EhD TP -7, Ca BUFHE R OB HIRICOH § 5 i3
-C-Cs TN % el Ed, BS-H-C, oBjficid Ca QISR 13D HE A - 70

IBEREDIERED Kt

%3015

EHFOMK Lic~snay 78— —BIHEED
Baid, 12/100ml © 2% 7 = VEBEIHE 0.5
mi/ i 50 mi T3 ETRRTH - 7o b3,
HWEMIRMD s — 7 HEPI O LRy — 7 D&
ICEARARETH » 720

Lich 5T, Ca Bl Mg Bl POs @ @&
LT, O POs O HHEHEDY THOLNT
W3 2.5% EEETITA PoOs DBMAAEZELT, 2
% v x VRS ORIBERA I,

AR, ~20 v 7N~ —BEHPEL X
U IRIER A A7 A—RBEHEIL 3 &7 & L
2o

SRR 1 g ik 20 20 21K 100 m/
WA, BERD 2% T VIRIREOEAL 1 hr,
2.5% BRRTRIED A3 2hrs R & D ik
L, BRI RS AERNT, SnCly#ite ) 7
Ty 7~k (HCIR) Tl Ui,

AkERE Table 3 KWRTEBVTH B,

NG ORI, BWELLT—MORKEHR D
BAIIE 85 ~10% OfEDS Boheds, o
RIS OEECIEE) TTF T
cEitliz,
3T pH 28E <, MRl RoE R 2 8
WRTRENOT, TOHID
J —FaRHEIE (HB-C-Cs) # X ORI

Wil ST Ca WBMOERETT -

HB-C, T2

Mte T, CaZUEROMTIZE ICHEBLER

#*1 BS-H-C4 : Broad-leaved deciduous tree sawdust-hog droppings compost DI,

2 HB-Cy 8 KLU HB-C-Cg D L#VEIL Table 5 &
Ca0 3.06%, MgO 2.33% T& 5%,

B8, BS-H-C4 OIWEEIZRBITRT TETH 545, pH 7.10,
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EHTHEREAMD DT, V=T 4 VI =7 DOEBRAT ST LI Ui,
3-2. & W F &
SRR HFERROEEDTH S,
B RS — 7 MR O TR B a0 D Is (T, &, HERR LRI N — 7 W o KD
SIS 2 7oic, MMEBEROKROBOEHALSL, PR LBRESETLTY S X2 284
Th, FNIIEREE SN~ 2 L3S AEED SRRVERBIREDO S D b DI it Lichi-> T, Hmifidii

s
b

Table 4. i it D i

Humus form

1. B # o # 5 Humus composition

T 7 v F |
E %zé&’ﬂ}%*’a {Humic acid Fu1v1c acid |
Extract- T o . - ] CaIC
Name of able | ‘ ‘ fotat " Na,SO, | L)
compost humus (h-1) ‘ (h-2) | Total 1 f-2 soluble } Total
: C ‘
| T |
HB-Cq 15,8 9.5 | 1.1 10,6 | 4.5 0.7 (1.0) | 5.2 | 2.04
! |
HB-C-Cs; 14,7 8.6 0.8 9.4 | 4.6 | 0.7 (0.9) 5.3 1.77
r “ | \ ‘
BS-H-Cu 32.9 21.3 tr. 21,3 10.7 | 0.9 | (5.8) ‘ 11.6 1.84
2. JEREEROAME  Optical property of hum)c acld
S & A h-1 h- (1+2)
Name of ‘ ‘ I B
compost d4log Ky | 4dlog K, Rf 4 log K 4 log Kz | Rf
!‘ O . ‘ e
HB-Cq ‘ 0. 890 0. 967 0. 279 0. 886 0.945 i 0. 283
HB-C-Cs i 0.915 | 1,010 ! 0. 284 | 0.908 1. 002 ‘ 0. 280
i ‘ | } _ _
BS-H-C:¢ 1,019 | 0,929 0.109 0.995 0.908 \ 0.113
1 | i
) BHEOMRIRE fraction carbon @é carbon | Ci’j@‘é % *CT\L,LO
h-1 : Fraction-1 (EEEZIEHD) ORI
f-la @ BREIVAJEG AL
f-1 : Fraction-1 & 7 VR
h-2 : Fraction-2 (Ca BUEH) DAL

f-2 : Fraction-2 @ 7 VR

4 Iog K].:log K400-10g Kggg

4log Ka=log Kgs50—log Ksso

RE : BHEERIAW carbon 100 mg/l BIEIWC B % Keoo TRUK,

Remarks) Humus composition is expressed by the carbon amount of every fraction as per cent of total

soil organic carbon.
h- 1: Humic acid in Fraction-1 (free humus).
f-1a @ Acid soluble humus.
f-1 : Fulvic acid in Fraction-1.
h-2 : Humic acid in Fraction-2 (humus combined with Ca).
f-2 : Fulvic acid in Fraction-2.
4 log Ky==log Ksoo—log Kgoo.
dlog Ko=log Kgs0—log Kgso.
Rf is Kgo0 of Na-humate solution containing carbon 100 mg per liter.
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LR D0 T, BEEE L s I & B Munsent HFRO 42O TR L,

Total C: KoCroOy Z MW 5 #RALHELEHED 20T, ek 3 Cl 2281 50BA £ DT,
AgeSO4 0.2g 2RI L7z,

Total N : Kysoant (B4 B TER Lz N i¢, BERICER Ui NOs-N ZINE L TR Lz,

AEERE C @ 2B 10 g Ik 100 mI A2 T Lhr R & S B0 EE L, B Ak 5 miic 0. 5N KoCryOy
T 5mil, HeSOq 10ml 5 K1Y AgeSO, 0.2¢ &2INAT, Total C LRBEDHIETHI Lice RIEED
KoCrgOy & 0. IN BHEEW 1 8k7 v 2= v AR Z AV 2,

CEC : &8} 5g 122V T Precn % Vo,

K40, Naj0, CaO L8 MgO : &%l 0.5g 2 HNOs-HCl, 8 (10 ml—5ml) TRKH, 1:3
HCl 10ml iCisiR L, SiOs 2 A M\EEH—EE s L, MERFRK U TRTREEEHNCTER Ui,

Total PyOs : EiRDIRKIKAL# Si0y 2k LIcAIREMNT, SnCly Byt ) 77 v 7 v— (HCL )
([ e Y iR = R o WS A

IR PaOs : 50k 1~5g 1k 100m! 2NZ T Thr k& 5%, s, LEaieRnT Total
PyOs ERIBRICEEETT - 72,

2.5% BRI TS PoOs 1 3k} 1~5 g 1T 2. 5% WM 100m! 2z T 2hrs IR & S8, BOOHEL, s
WA LT Total PoO;s & RIREICERZIT - 70

Cl: skt 1g ek 100m! 2NA T 1hr #R& 5k, #LpEEL, FEARE BOTFA VT ‘/Mﬁﬂ{ﬁu
% T HtasER Uiz,

PH: 1:5 D ABKICOWNWT, 1hr flkR& Dk, # 7 A8MEHOTHE L,

EC (B|&UEME) « RS — 2131010, »S— 7 HERIZ 12 5 O A 1K >0 T, Thr fg& 5 HlE
L, 25°C mili mho/cm TR L7,

N O : EHOMRMNLIE B LU KEDO N O JEED SEBOFEEANT, HHE N O EET -
7o
NH-N &5 £ U NOp-N : Jilizath} 10g 1€ 10% KCL i 200 ml A Jjn 2 °C Lhr #R& Sk,  BOGME
L, FEAEEEARAEMD, LBEICEUTKEZRNUTARES 160ml & L, MgO 2g ZinA T #Y
L, 2% HsBO; /Al %A NHs Ot & U TR 70 ml 12D T Brom-cresol-green # X ¥ methyl red
EAERIERZ AL, 1/100N HpSO; THli LT NHy-N &5 Uk, ZMIRIIC B 280 KA Mk
L, Davaroa 44 0.4g 2NA T, NHeN OBA& ERBO LT NO&-N ik Ui,

ST DIERE © A OB A L RO ES R FNT, BEEEA F-1) 0% T -7

4. BEHENA-IBIUCBREBOASHMES SUBRICOWT
GEE» L U%E-D

4-1. BHEHA— T OFNETRP 0Tl
Pl Lic~sm oy 75— 2 053kl ftid Table 5 1I0RG LD TH D,
C BIId 48~56% %R L1,
N BRI A K < 78 212 EIRIER L, 210 E &75 - T C/N SIERIETR Uiz, Pl s—2 o
C/N g 255, 34EARS 161 Il X9, HROEMSHEATH L EFEZ S HB-2b THH 14010 & &



A BEMHERN B 4 2 WkgE G L3 Gl — 55 —

Forr, 250 CN AT TOETHILOERO H 6, 3

Kt C I
eI R R A A

B N — 7 T 3.9% & 0R LS, IFBup IR L AR L, B4R RIED T TO0.6%

CEC 3#rfet N — 7 Tidfy 41 mef100g A7R L, &HA 527 X7 O 10~15 me/100 g & Hi

P
N
1’\_.
-

{Fte »1oo Fiz, BB CEC IR A L, S4ERICIEN 69 me/100g 1T LT, X 51C, JHF
ML OAEATIN e B Z 5407 HB-2D T 78 me/100 g 101t Uiz, & DX D~ s v 73— 7 [k
O CEC pidsts e il 2 202 L9

KO, Nag0, Cal & L8 MgO B, KO LA hsE < 52 TR Us s KO
B AD SRR SN2 TR TH 588, SO LI HATE LY TELUFE GO s~ 27 o8&
13, KO BEOZ BT L2 icbiic, ~—2 Ol 7 2 v 7 O EITIRE L2 kETiE
1% (HB-2) TR/ v — 7 10 K0 BEL

FHO o Db E R Uic, L, 78y 7R
» HB-2a Tk KO BEODIE EiE 2 00, Mfico 7o v 2 TS 50 TP THRIL
fo 3 AEBOME (HB-3) T, Hilhs—2 k0 KO BIEOELORANE SN0 C N 5O~
PRHC DWW TR L AL » 72 b D TRV O THEFICR WALV L, i, Ilhic kg 2 B8
LAY DOrRIRIC & & 78 D B IRBE DM 7S BN S BRI AN 3 o isn E b
L35, EhHhDTECHEG L TO 251, TR T 2 KO Ol gk Diddiad, $7, k¥

D HEER U KeO O-—ps Miic 82 2 0[5k %2 2. 6411 5,

IRTEYE PeOs,  2.5% FEME VIR PoOs B KUV POy BEELS, il s — 7 c i 2 & 1 ki 2 Didd
Ut SARHIIZ WD & DI Uice 2. 5% BB TTIA PaOs 4y POy 1kf 3 4 i 12, WrabHER
ICHBODBESESICONT KT S5 2R LT A, 3HRICHES POs O 1/3 Sl &1
5T2e 2.5% MERRAIA PoOs BB Z 5 EHBIE PO BMEKRTH A D LfiEEi s, BV

TN TATEERE PoOs O IERAL DT TS PRI N DS, ~ AT v 73— 7 OEVEICIE 345 & 70 B4 POy

DEL DWSHIZHMEE POs & L THBELTO L D EHETIND,

ATy 7 BHRRA BRSNS 2 bIe, BPKICEE T 25— 2 @ CLIEED LiE LI BB S
Td, —fC Cl B ENP TS OO EHEL SN, T, WHEFHSI~LD Y O~y

o CLIZEFAR D IC 2GR S 1D & VhILT O 310, AFIOKILZ 1580 KO EFBIC, 75—
g 8% b T HER S AT 28410 Cl OB BRI TR 2R LT, T7bb,
BT MR Lic~Lm 25— 7 OBAICHE, HER 1 4%o (HB-2) i —7 HB-1) X0

CLIREE DS L, I

0

RENL T EERL T, Lir L, HERE Y e v 7 O NETRI L4
(HB-2a X0 2b) BRU34EH (HB-3) 13, #Wif v—7 L b & CLEEER D OB RAR LT

W B, S s i CLASNABRT A LR T 2808 0A LD,
EC 13kt N — 7 B XU 1 %0 HB-2 TR/NS ool b dhd il kahro/lc, T

ditd Bako> Cl 2 o A IETERERBE I I I & 27T 2 b o L bt s,

pH 25 1%

SOLENLFOMAIL, 7 Uikl
4-2. 38 #
ek U 72 8o (LA B L URLkiE Table 5 R3 280 TH L,
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Table 5. ~awyy,—7, BELBIU

Chemical property and composition of hemlock barks,

ENE S o [— | | AKIEEC |
N ; | P C . N® | o | Water | CEC
ame o soluble |
compost | Color ‘ (H:0) 1 ‘ | . C ! ‘
_ L @ b @ (%) (mell00g)
NLT oy JIN—]
T 235YR3Je | 1 o | 389 | i
HB-! | Dark reddish = 4.75 53.5 0.21 | 255 " Nga 41. 4
o brown |0 Tt T T @R
~ " 10YR3/4 ‘ ) | 2.20
HB-2 | Dark borwn 5.25 56. 2 0.27 208 | (.9 44,0
"""""" T 2.5YR3/3 | ‘ i o5
HB-2a Dark reddish 4,20 | 56.6 0.29 195 o 54.5
brown | ‘ ©en |
[ 5YR?2/3 | ‘ 0.95
HB-2b | Very dark I 420 48, 2 0.35 138 0 77.8
| reddish brown | ] i )
2.5YR3/3 | 1 \ .58
HB-3 | Dark reddish | 490 | 55L& | 0.32 161 | (1'§) 68. 6
% #
] 10YR7/a ] | T as3 |
C-1 | Dull yellow 7.25 36.5 5.20 7.0 | g 60. 4 \
_ lorange | o ] S
~oa oy gox— g YR (B IETR )
T T 5YRZ/4 [ Wo zé B B
HB-C: Very dark i 6,10 49,2 0.44 | 117 (.57 73.2
L reddish brown ‘ ‘ | )
: [ e
HB-Cs ‘ ?bii? 213 j 7.40 45.9 “ 0.48 } 95.6 (0?‘4(13 85. 1
..... IO A RS S R — R O R,
NLT oy g Sy BRI
. 2.5YR2/3 | ‘ ‘ 0.16
HB-C-C: Thid. | 5.85 41,8 ! 2.22 | 18.8 (0. 37) 93. 4
| ! |
T T 7 T T T — ‘
. Tbid. | & | ‘ 0. 26
HB-C-C, Ibid. | 6. 60 l 5.7 1 L2 | 26,6 .57 86. 4
i 1
o 1 S S 3 o
Ibid. ‘ - - ‘ 0.15
HB-C-Cs Ibid. : 5, 30 45.8 | 1. 71 ! 26.8 0. 86. 3
S S R - S S — — ,’ : \ —
< 5YR2/3 ‘ i 0. 14
HB-C-Cq Thid 5.40 | 48.4 ‘; 1, 44 33.6 (0. 29 93.9
L Thid. i i I 0.19 .
HB-C-Cs | Thid 6.90 38.5 | 1. 66 23.2 0. 50y 85.6
 Ibid. e o 0.25 |
HB-C-Cs | Ipiq 6.95 | 423 187 26.9 055 | 94.2

) *1 4 N3 NOsg-N % G5ir,
*2 4 C Itk 3 %o
%3 4 PgOs 1K d % %o
*4  2.59% HERR VA PoOs 13kiat: PoOs 2310,
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ooy g 5= B AL R R B S O
chicken droppings and hemlock bark composts

(#4240 : On dry basis)

P05 (%)

Remarks) *] Total-N includes NOg-N.
%2 Per cent of total carbon.
3 Per cent of total PoOs.

x4 2.5% acetic acid soluble P30j includes water soluble P3Os.

! EC
K0 Na,O = CaO MgO 2.5% Cl | mili-
o | | e Sy ol | mhofem
» | w | w e ~ soluble™ | om) | @50
Hemlock bark
‘ | T N f T \7 i o
i . e | 0.0038 | 0.0061 | ... | ;
0.093 | 0.11 0.55 | 0.10 (10‘63*3T (6. 1y%s| 0:038 | 2,240 0.67
‘ ; " ] o ! -
‘ | | f |
| e | . . 0.0022 | 0.0039 | ) " ,
0.037 | 0.25 0.72 | 0.17 6.1 | G1s) 0.033 458 | 0.4
e}
0. 066 0.60  0.79 0.17 (;5059 (%%Oéi 0. 040 6, 430 2.31
25. 0) 3s.
_ | : B
0. 090 0.53 0.75 023 (8éoé§ ! (2>O;§ 0.049 3,920 2.02
0.11 | 062 , o0.88 | 0.20 | (?5O;§ | (250§§ L 0.073 6, 450 2.62
| ‘ 3. | (S5 |
Chicken droppings
o N R o
: i 109 2. 80 , x
314 0.9 4. 40 N D) 5.18 | 10,600 9,60
Hemlock bark compost (without addition of chicken droppings)
0.24 | 0,20 , 120 025 | (2>O§§ (gzogi 012 624 0.55
| | ‘ : N
{ ; ‘ ‘ \ ‘
0.11 | 0.22 | 468,  0.28 (fkoég (2}O§§ P01 268 0. 68
Hemlock bark-chicken droppings compost
. ‘ ; -
1.01 0. 34 4.24 0.79 <f52§) (éézg) L4z 1,680 |  3.04
| . 0.20 1.25 ) L
0.81 | 0.22 .32 0. 58 e . ‘ 1. 46 1,590 2,46
‘ \] 3. 7) <8J 6) \{
o , , —
i ) ! i
0.44 | 0,19 | 2.32 0.35 <§é23) (gé°5) L 0.63 1,630 | 2.68
| ) ' |
B ) T r T |
‘ ; .
0.37 0.35 2. 80 0,48 <g>1;> (?§4;> 0.53 | 1,79 2,92
112 0.35 9. 3¢ 106 | 3 : 417 4 2.70
3 38 %6 | (Osji) (So/g) 380 7
- ‘ R B o
1.3l 0.39 | 9.33 0.96 (?}QZ> <§4dg) L 3.04 3.710 3. 86
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D N, POy, K0, CaO L& MgO WEBEAR LA, &N BXU POs OFEE i
Hicid 5L 02 L5, F7, CEC D ENMEER L, &g, CLEERELD TEHNT LI
BIZliL& Do ~amy 72 =7 HIPOBAIE, ~s0y 7HoiEhirEick 3 CLERFE DV THEL
MRS BEA DI 0D, BEEZRIERE 5/ -7 #BOBA I, Biicdid s CLEED
HELHRRTCEOTERVEEGRHEATHA S,

5 ~LOvIN—2EIEOLFAEE D X U
(R LUHRE-2

PR LIc D ~ow oy 78— 7 HEIEB R O W E R 3 XU TR Table 5 C/RTEBDT
5-1. HB-C;~C,

CNLDBEEMIRND ~bo .y s 3— 780 13 N, PiOs, KO, CaO k0 MgO 75 & DHm A D 2
B, WAEKERNO HB-Cy @ Ca REEKR LK x—27 (HB-3) XD AL TR, WInd &
DO TEOVSVIGEE P > Tc. BEPOSREERARTIEEEE A 502 CN kid, WIn sk
=g DL ARR UM, 100 HIHRERL, FLABONVVIKEEE T, CDRIE HB-Ci~Cy X
WENSHENN & UTIIRAISRERICH 5 C EERBT 2D ENZ 5,

iR HB-Cy i3 {b ok & ot 5 L0 0RBTH - 7o08, HB-Co 13l MHERMHEIL & B 0% L

BEAEL LT, TOMIE, ~buy 2 85—2 QESICIERKOIRMNC X > THT v ) HRicfEo o &
Wk - TRENELETT S , OIS REOMICAT U BEMA RN LN 2RI s 0
EWVWA XD,

CLBEMED -7 E—&E 1 HB-Cy T—RRIZH S H TRV, 3l (4) oL iic, i ~x—
7 OWRET 0y 7 DRBICE - C CLEEEDPED OMENRSNIOT, COLI BT EBEHRENTEE
Wip & FREEN .

5-2. HB-C-C;~C4

CNOD LTy 75— 7 BWEHEIEIE N, PiOs, KiO, CaO & XU MgO 72 &0 B T @R EATR
LTnedd, 2ol EE LCEIRMOBES ICRELEO N FIKHET250TH 5. T b0k
TROTIREE B ORI E O MBRIE R C S a0 o MES R oivic, COMAR N id NHy & LT
BI s lick2BAEGEZONDY, BREEARES ZUT OMEDRHROK & &L, BRoOR
HHOMEGOHRMT I EBELOLI2IKELN S, dAVEEIFERORSORE SO LER L
HEOERABEDOHBICI L DD d LILIEN*,

4x PyOy5 1236 B i, JkEEbE PoOs 1359 15-30%, 2.5% BRERTIVE PoOs 14 80~85% 1 Uiz,
HERLD PoOs DRI MG O LIEZI D S PiOs I L > THY BN T A E HZ ON S, K
DD 2.5% BEBRARIED POs O TIRITAMIE PLOs LHEET 5 &, 1Ko/ x—7 (HB-3) BXUBHI
PELL LT IET & 545, HEWLMENC BT D O DIIEREIE PiOs 1ICELT 2 b D EFZ SN
%o

* .M’ uuliT%/{»Et@ {‘r&?%ﬁl*), TER DRSS KT URBFEET DR,
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KN CREROINOFEBb/NE L, Fh, Total CItLTO0.6% UITIAE S -7, COD D
WD A BT DMEFT DFFEICIE DS b N TN 2, COD OREIAZIC I KMnO; 3 & KoCraOy i3
ThNTOLH, ANIRERIICET 5 8 BREED KX 020 S RAEFT 5 KMnO, 44 31

T, BALNIC—RIED K& O KeCrgOy JEICHET 2 b D & LT, AKWENE C OERETT - 720 iR A

Rino HB-Ci~Cy B LOWICIRRZHEL o HB-C-Co~Cs 40T, Aokl CliEsh
HTNEL, HO & D BHERRONIS o, HBDd N B IO O BEE HB-Ci~Cy & ik
DN IR LREE D TIC 78 0 DMEAIRE L TN & EABRICAND &, ~an .y 235—7 OB

ok C KB LB OHETT ORI DEEN S b1 5,

CEC i 86~-94me/100 g 13 L, RO KENEOZ LM, Bk s—7 (HB-3) H34 TIf 70 me/100
GICELTWI CEAEZ DL E, HWIEERIC B35 CEC N & IC kS0 EFV0ERN,
SWRAH I A—WEHEN OB 61213, CEC oZadt i) BSHIEORAROIERICII DR, & LT b,
Bl 77 X CEC 1349 1015 me/100 g TA 7 7 A —THEHENN (5D AT 70~80 me/100 g (2 #9
L EEZEZNE, COLIRAMOENTHAD. UL, FBOKIic~swy sox—g TR &

HHENL OB AL CEC OZE(LDIEI/NE DT, COLIBEZ T ABWMNTL ERBE LYV, 4%
L oRyE ot & LT CEC 2RV 2851213, A0S b LEIEIIC 2 L& h o Bk 2 LR &%
ETHHEDNHA D AakD pH 13 5.40~6.60 27k L1c, EC1Z WINd 5780 @iz s Lz ds,
Cl = Do KiEE ifﬁ’iﬁod*k@%%‘g Y280 THAD,
5-3. HB-C-Cs~Cq
WA L g, 2HUEERO POs, KO, CaO, MgO 1 108 Cl BEERENEER Lic s Sid B
REBIRMOBBICE 20O THD, Ll, NREEE ERD HB-C-C~Cy ERIBED V~ic & &
Folte COXIUHEOHALLLTHEENS NBEIDEL EWMER L LE, BEDON
DI O BEETRRICB N TRON /I L EE2ERT 5, F10C OMEFOIIEh, & bR
Mz, o NHg SLoFsEridy o T &id, hod N ot D OusrH NHy & U THig LT &
ZHERF LD LBDTH D UL, HERGE TH (GE55) Llkid NHy Sl LA ERY s Nsh -1z,
CNHOEIF, BIFEEE L TEEALMT L4, NoCLomEs5id N 0LBOELEESHNL
EHEFNAIRNEIDICEDLN D,
F /o, pH BB - oo T OO B X CHEIE HB-C-C~Cy ERIRTH » 72,

6. ~LOyIN—~7, BEBIVEE~LD Y I\~
JHERED N Ofch: (ERB L UHED)

PEE Ufe~am oy Vos—7, FEHER I OKFED ~ L0y 75— 2 HE D N O JEERL Table 6 2R3 &
BEOTH D
6-1. #E % R N
sy 78— 0 NHy-N & k78 NOg-N 41T, Rt A EH O 5 HB-2a  NHe-N
BH10ppm TH -7, ZoMidndnd 2~3ppm LIFT, &N D 0. 1% PIT Il &8 - 7,
FHEOMEHEN B TREL, AN OWS X it L, 7, NOg-N izt~ 7% & NH-N ol
B X b TED -1,
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Table 6. ~awmy 78—, BEBIC~L0 v 7 =7 HELO N DR
Nitrogen form of hemlock barks, chiken droppings and
hemlock bark composts G40 1 On dry matter basis)
| ﬁ% N o#i% : Organic N composxtlon*2 \’ OB R N
OB & BEEN Bu7j( K4MHE N : Hydrolyzable N P%Bi“{{}ﬁ} Inorganic N (ppm)
Name of |Organic Am- . . Un- ‘ Non- |~
. Amlno- Amlno- p . i
compost N*1 | monia- . +| identi- ' hydro- B B
amide sugar acid fed Total | lyzable| NHN | NOg-N | Total
(%) | N | N N o _
z\L\u w 7 s3— 2 Hemlock bark
i T I
| : 2.2 0. 84 3.0
HB-1 | 0.2138 8.5 1.5 47,4 22.9 80. 3 19. 7] y .
| ] L 1)*3 (0. 04)%3 0.1)%
| i (0. )% ( ) (0.1)
HB-2 L0267 7.7 Lol 4ee 2.9 8Lel 184 gé? (oobfg (oZ'S
——
i ! i 11.9 2.0 13.9
HB-2a 0. 286‘ 4, 5 2.8 31.2 32. 8 71.3 28. 7 | |
| | | | I 0.5)
i ‘ ‘ 3.4 2.2 5.6
HB-3 0. 321 9.31 1.6 36.2 21. 4 68. 4 31. 6 N .
| 0.1 0.07 0.2
_ A T B G N G T )
58 # : Chicken droppmgs
T ) T
| 2, 500%4 202 2,700
C-1 5.18 ! 23.9 1.5 31.0 35. 0 91,4 8.6 > I
4,8 0.4 5.2
@ oo G2
ANhw oy g oN— g HEE (BERERID : Hemlock bark compost
(without addition of chicken droppings)
| 15. 3 0. 22 156.5
HB-C;y j 0. 444 8.7 37% ;38M6 23, 0 73. 4j | 26. 6‘ 0.3) (0. 005) (. 3)
‘ ‘ L o - 9.3 0.57 9.9
HB-C, | 0. 4831 Bl 3.9 34.6: 7.7 65, 9? 34, 1; ) ©.on 0.2
ANhoy JoN— T ﬁﬁiﬁﬂ{ﬂ Hemlock bark»—chlcken dropplngs compost
) . - 82.71 3,110 3,190
HB-C-C: 1 70883 ol (A 0 (4.4)
o 49, 6k 980‘ 1,030
HB-C-C» 1. 52,8  47.2 N ; he
| T I I G G
HB-C-Cs 1,56  18.5 2.4 191 1s. oi 51,4 48.6 (5445 1(953‘9 é96i())
— _ . —
| = 30.8 1, 480\ 1,510
~-C~ . 29| 16. 6 2.4 16.1 18.8 3.9 46,1 ’
HB-C-Cu B | B } 0 B 6 SR (10 o) (10.5)
| | , o 32.5 303 336
HB-C-Cs 1. 63| 17.8 2.6 21, 4! 12.1 54, 0 46.0! |
R R SR N N B A e a8 @0
-C- ] Ladl 171 097 o5 and  aed sio 262 L0 1110
HB-C-Cs | . 46) . | 0.9 . ‘ ] .(,} . ‘ 51, } (OZ)‘ (6‘9)3 a1
) #1 4'4%% NRByv&—~VETERL,
*9 @{%ﬁﬁ‘? N D#KITE fraction DFEEE N o645 B TR,
*3 4N (B5ERBM) KT 2 % TRUK,
x4 MgO ZEE DR Ekﬁ”ﬁ N O k5 NHe-N 248 Bbhd, (REENZRER

Remarks) *1
*2

organic N.

*3

*4

Urea-N was undetermined.

Organic N is determined by KjELpDAHL method.
Organic N composition is expressed by the N amount of every fraction as per cent of

Figures in parentheses are the N amount as per cent of total N (See Table 5).
NH;-N of chicken droppings may include the NHy-N from urea by MgO distillation.
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ANn oy 78—y HEE CBERIRID O NHeN BERby— 7 ic % & s b R L7 hiiy 10~15
ppm (T E Y, NOg-N @ERRICES DD TEL, 1ppm RIFIGEELD -,

NLE g N — 7 —FRFEHE (HB-C-Cy~Ce) 13, NH-N d 9 30~80ppm, NOg-N 13§ 300~
3,000 ppm (£ < 12 1,000~3,000 ppm) (CiE L, NOg LERIERDBH L N EERL TV, F e,
AR N 02 N I 5 WRB L OGAPEOEMh -7 (6~14%) C LRERIMLE D, o
DORIZEEICH R T 2WMEMOIERICE 2 b D EFEZONDD, RICA~ L0 v 78— 7 —FEEHER O
MEnzs cEbhb

TR~ Aw 75— 7 —FEEHEEOBLE TIRIC BT, #Ihc i NHy (bRIER D <, ol
TITIE NOs (LRIEFADBERAICIL S C EARD TN D, SO ~bo oy 73— 7 —FREHEIL T, 66
REN (3 NOs-N 2EARAE Gy, NOp:-N RESE L EVZ SRFAROEREZRLTN S ENA L, VT
NIZHEL, ~Aany 7 —7 —BHEHEIN T NOs-N 2MBEHE N o Ftha v 5 2 213, HER b
DHFFOIREIIE DR L0 TR M EBDN D,

6-2. H # B N

i S — 7 K IREE N B AHBEN © 80% K%L, 71 /BB N 3 50% IGED - Toe TS
HERE e RdsE i O T, Wi L, 3% (HB-3) [0l 70%, %#EL 36% Kz 2 b L

“o MUKGMEME N O fraction ZFNOBEGE, 73V BREN KKOTERHEEN, 7vE=7—7
I FEEN, 73 BN QICEHD Lichs, 73 /BN BEb) Tl Fiz, 4% fraction
D4 NACHT 2 HBIE7 2 /BB N DARENOBIR/NE (, —E0BMIZR NG -7,

CDEIEFR—7 DN OJEREE KBS D2 LT, FENRICHE Ui BEE O Ay JB
OBAED D &, Ik N X007 3 7 BEN ZRBROEEERL TN/ EVEZLN, TVE
=77 I FENBLOT I /HEEN OBIMBR SNV ATHENSR S,

FEIMRSHE N BN D 90% 1L, F LU REhotoo Fiffoy—7 LB L, 71/ RE
N @D, 7v2=7—7 I FEEN BLUOKREE N BEZ0CEBBHENZ XD,

HB-C; XU Co OBEMIRMD~ 203 » 75— 7 HEE O HHEE N & fraction © fiIE FE v — 72
(HB-3) LMD & DIBHEDRR ONILh -1,

ANLT oy g8 — g —FEFHERE (HB-C-Ci~Ce) DOAREAE N & fraction O#LIE, Bk S—7 B X UH
WEHALEFELUOHESR SN, T70bb, 4 NICHd 4 HETRETKAMIE N 13 46~55% &
HODORWYARL, 7T/ MENS 11~19% E&ELWBDZR L, TYyE=7—7 I FEN I 16~
209 THELOVEARL, EKFE N IR 11~19% TREMc 2 Loidb 2 Uiz, 72 /M N (33
Doy DB R NI - T,

PLEOKRI, ~ATy 28— —BEHEROB AT, ARMOIMROETRIZICE U 2 ks ek
N o#id, 73/ BENOMIBLY TYE=ET—7 I FiEN OBAE VI —BHSHEAE X —
BB ENZ D, 4 N fraction th7 3/ BEIE N 2% - & LIRS P 310 fraction TH 2 Ebh
TWAHHY, N QLD & b TBATL HB-C-Ci~C I BT 7 3/ BAE N OO Bbn # L0

SREBEEERLTOVSENZ LD,

LIRS, ~omy 28— =T, NOe-N 2R N o ke Hvoc s, A

BE N fraction OHABEDETIIIVKIMAIE N 5L 73 /BEN 04 N o3 2 R FH L Bl
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Table 7. ~awy I N=7BIONLB y 75— F HEROBHEOTERE
Humus form of hemlock barks and hemlock bark composts
o g g | WHOMI : Humus composition o B R
[i > A i H H
| BB iR ‘ TR | € ptical property of humic aci
Name of | Humic | Fulvic Fxtract~ ; ChlC | ‘
compost acid \ acid | able | MM/ 4log Ky ‘ 4log Ky | Rf
(h-1) |(f-la+f1) humus | }
~.w oy 73— Hemlock bark
i \ 1 1
HB-1 el |o1ns 3.4 | 095 0.810 0.894 | 0,821
: | — -~
HB-2 22.2 ‘ 11.9 34.1 i 1.87 i 0. 841 0.914 0. 282
; R _ | J e
‘ |
HB-2a 13.4 | 6.6 20.0 2.03 0. 857 0. 895 0. 286
1 % -
HB-2b 10.5 7.4 17.9 1,42 0.818 0.936 ‘ 0, 356
; | I —
HB-3 10.9 | 6.5 17,4 | 1. 68 0.884 0. 966 0. 2883
) ] 1 i |
Ay 75— HERE (BEERID © Hemlock bark compost
(without addition of chicken droppings)
HB-C1 10.5 6.5 17.0 1.62 i 0. 867 0.962 0.272
| |
HB-C; 9.5 4.9 14.4 1.94 | 0928 1,030 | 0.278
: 1
Ny g oN— g —JaEEHENN : Hemlock bark-chicken droppings compost
HB-C-C: i 12.5 i 5.2 17.7 ‘ 2. 40 0.916 1. 004 ! 0. 337
i i - ,1 _ } S —
HB-C-C: | 13.4 6.6 20,0 | 203 ! 0. 908 0. 995 0. 344
HB-C-Cs i 10.3 5.4 15.7 ! 1.90 0.924 1.020 0. 323

) JERE ORI i’#r fraction-C (Df% Clitxd s /6 TR bf’

h-1

: Fraction-1 (FEEERIJE

f-la : FRAVATEHE

-1

JBSRED O JESHER

¢ Fraction-1 @ 7 )V Rl

4log K1=log Ksoo—log Keoo

4 log Ko=log Kgso—log Kgso

Rf 3R C 100 mg/! DEFELIT BT 5 Koo TRUT,
Remarks) Humus composition is expressed by the carbon amount of every fraction as per cent of total
soil organic carbon.

h-1

f-la : Acid soluble humus.

f-1

: Fulvic acid in Fraction-1.

4log Ki=log K499—1log Kgogo.
4 log Kg=log Kgso—log Kgso.

Rf is Kgoo of Na-humate solution containing carbon 100 mg per liter.

¢ Humic acid in Fraction-1 (free humus).
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Absorption spectra of humic acids of hemlock barks and hemlock
bark composts (Concentrations of humic acids are arbitrarily

chosen.

!

05 4log K,

Figures express the wavelength of absorption band).

Fig. 2 J& 1 © X 20 i
Classification diagram of humic acids.

Example
(---Hemlock bark, A---Hemlock bark compost
(without addition of chicken dropping), @
Hemlock bark-chicken droppings compost.
The lines express the regression curves bet-
ween 4 log K1 and Rf values of humic acids
(h-1) of representative forest soils.
(1) Black soils, (2) Light colored black scils
(degraded black soils), (3) Dark red soils, (4)
Wet podzols, (5) Dry podzols, (6) Brown forest
soils (moderately moist type of soil), (7) Ibid.
(Dry type of soil), (8) Red and yellow soils,
(9) Ay layers.
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Studies on Woody Waste Composts Part 1

On the hemlock bark composts

Hiroshi Kawapa®@

1. Imtroduction

Wood residues in the lumber industry in Japan amount to more than 8x 106 tons annually,
including bark, sawdust and chip dust, etc. Most of them are burnt or abandoned, causing
a source of public nuisance. On the other hand, as the heavy application of chemical ferti-
lizer and the decrease of compost or stable manure supply has continued since the War, soil
deterioration and reduced fertility has become a serious problem in recent years, with a re-
newed recognition of the importance of organic fertilizer.

It is only a short time since the first production of sawdust compost was begun in the
forest nurseries for their private use in about 1955 and gradually spread into agriculture.
The production of bark compost has come to be undertaken on a large scale in paper manu-
factories, pulp and chip factories, as well as sawmills since about 1969. It has increased from
year to year, and in 1976 it reached about 26X 104 tons in a score of factories and it took the
most part of the woody waste composts.

At present, the bark compost is widely used in tobacco cultivation, greenhouse culture
of vegetables and ornamental plants, orchards and tea gardens for basal dressing in new
planting trees and mulching. In addition, it is used as the material for soil dressing in lawns
of golf courses and parks, and soil amendment material to tree lands newly established in
and outskirts of big cities. Thus the usefulness of the bark compost is being expanded.

As a general trend, the barks are extremely high in C/N ratio, reaching to more than
200, and they are abundant in hardly decomposable organic matters, such as lignin and alcohol-
benzol soluble matter, etc. They also contain the growth inhibiting substances for plants like
phenolic acids, etc. Those facts are serious problems for compost production.

According to the wide distribution of factories all over the country and the rapid increase
of production of bark compost in recent times, the damages of plants by the deterious com-
post frequently caused serious trouble by the users. Subsequently, the standardization of
bark compost is strongly requested from the users.

As the works on the woody waste compost up to the present were concentrated on the
manufacture of sawdust compost and its application in agriculture and forestry, so its pro-
perties and compositions, especially those of the bark compost, were vague.

The author sought to throw light on the properties, compositions and ripening process of
woody waste composts for their standardization. At present, one of the principal raw materi-
als of bark composts is the bark of imported hemlock logs, and the rest is that of domestic
broad-leaved deciduous trees. At the outset of the study, he stated the information on the

hemlock barks and their composts in this paper.

Received July 13, 1978
(1) Forest Soil Division
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2. Selected materials

The selected hemlock barks and their composts were offered by the courtesy of Shimizu
Lumber Industry Cooperative Association.

2-1. Hemlock barks

The imported hemlock logs were peeled off in a factory after their storage in a marine
timber yard. The discharged barks were heaped in an open heap yard on a large scale, reach~
ing to several thousand tons and about 6m in height in every heap. The raw material of
the hemlock bark compost in this factory is about 3-year-old bark.

Demolishing the side of heap, 3~4kg of sample was taken from its fresh face. Without
stripping the xylem stuck to the bark, it was chopped, air-dried and mixed. A portion of it
was ground to pass 1 mm sieve for analysis.

A brief description of the selected hemlock barks is as described hereunder.

HB*1-1 : Fresh barks. Only about 2-month-old. They were taken out of the fresh face
of heap 4m in height,

HB-2 : l-year-old barks. They were taken out of the same position as HB-1 on a separate
heap.

HB-2a and -2b : A portion of the lower part of the same heap as HB-1, 1~2m in height,
was extraordinarily dark colored. Its strongly blackish hue suggested an extremely advanced
rottening process. Its more moist condition than its vicinity suggested that it was under a
moist regime all the time. However, the blackish hue and rotteness were limited to only the
surface thin layer of bark, and its central portion was almost unaffected. The sample was
divided into two parts. The entire lot of one-half was prepared in the same way as the
above-mentioned and named HB-2a. The rest was air-dried, tapped and 2 mm sieved, and its
fragile fraction was named HB-2b.

HB-3 : 3-year-old barks. They were taken out of the lower part, 2m in height, of a
separate heap. The barks in the same heap were the raw material of the selected bark
compost described hereunder.

2-2. Chicken droppings

C*2-1 : Chicken droppings stored in the author’s laboratory.

2-3. Hemleck bark composts

The eight composts described hereunder were selected. Their mixing ratios of auxiliary
raw materials were stated in Table 1. Those composts were heaped indoors or in a yard
heap with roof.

HB-C;~Cy and HB-C-Cy~C3 : They were the trial products. The mixing ratios of auxi-
liary raw materials of HB-C-C;~C,; were the same as those of the merchandised products.
Their manufacturing process was as follows : Scale; 1 ton of hemlock bark basis. Heaping;
4 months. Remixing; 2 times. After ripening; 1 month.

HB-C-C, : One of the hemlock bark composts on the market. It is fine granulated by
grinding and sieving after ripening.

HB-C-Cs~Cs : They were the trial products entrusted with their production to Shimizu

#1 HB is an abridgement of hemlock bark.
*2 Cis an abridgement of chicken dropping. HB-C is an abridgement of hemlock bark compost (with-

out addition of chicken droppings). HB-C-C is an abridgement of hemlock bark-chicken droppings
compost.



— 70 — WERBIBU RS B 3015

Lumber Industry Cooperative Association. Their extremely high mixing ratio of chicken
droppings is requested from the stock-raising industry. Their manufacturing process was
the same as that of the abovementioned trial products. HB-C-Cy was stored for about 1 year

in packeges and HB-C-Cq was a fresh compost just after ripening for 1 month.
3. Amnalytical method

3-1. Examination of analytical method

The author made some examinations on the analytical methods prior to his routine work.

3-1-1. The effect of air-dryness of fresh compost on its inorganic N concentrations and
the comparison of them by MgO distillation method and Conway micro diffusion method.

The author wished to use the air-dried compost for its chemical analysis in his routine
work. Even if the grinding and sieving were necessary for the preparation of homogeneous
sample, their practice was almost not feasible on the moist fresh composts. Subsequently he
examined the effect of air-dryness on the inorganic N concentrations of fresh compost.

The brown hue of 10% KCI extract of compost for the determination of inorganic N sug-
gested the elution of abundant organic matter and subsequent NHg generation at MgO dis-
tillation by the decomposition of organic matter. He also made a comparison of inorganic N
determined by MgO distillation method and Conway micro diffusion method.

The four hemlock bark-chicken droppings composts and broad-leaved tree sawdust-hog
droppings compost which were fine granular were selected. Their inorganic N in fresh and
after air-dried condition was extracted by 10% KCl solution and it was determined by the
above-mentioned methods.

The results were expressed in Table 2.

As the difference of NH-N and NOs-N concentrations by both methods, respectively, was
negligible, he adopted the MgO distillation method in his routine work.

NH;N and NQOs-N concentrations of every compost increased by air-dryness. The rates
of increase by air-dryness (air-dried/fresh, per cent) of NH;-N were extremely high, and they
reached 2.1~5.5 times, but their amounts of increase were fairly small on the hemlock bark-
chicken dropping composts which were very low in NHN concentration. On the other hand,
the changes of NH,-N of BS-H-C/* and NOs-N of every hemlock bark-chicken droppings
compost were vice versa, and their rates of increase were only 134% and 106~132%, respec-
tively.

In the author’s opinion, the data on the air-dried materials would be available to grasp
the general situation of chemical composition of the composts.

3-1-2. Comparison of 2% citric acid soluble PyOs and 2.5% acetic acid soluble PyOj

The phosphorus form of compost is one of the important factors from the point of view
of fertilizer. The author wished to determine the slowly available PsOs of the selected samples
by 2.5% acetic acid extraction instead of by 2.0% citric acid extraction which is the official
method for phosphorus fertilizer. As the abundant existence of citric acid in test solution
interferes with the color development at the spectrophotometric determination of P05 by
molybdo-phosphoric blue color method because of the formation of soluble complex of citric
acid and NHy-molybdate, the direct determination of P;Os with 2.0% citric acid extractant
was limited to only the phoshorus rich samples. On the other hand, acetic acid, even if it is

* BS-H-C is an abridgement of broad-leaved deciduous tree sawdust-hog droppings compost.
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abundant, does not interfere with the development of the molybdo-phosphoric blue color.

The analytical method was as follows = 1 g of sample was extracted on a shaker with 100
ml of 2% citric acid or 2.6% acetic acid for 1 or 2 hours, respectively. The suspension was
centrifuged and the supernatant solution was analysed by molybdo-phosphoric blue method
(5nCly-HCI system).

As stated in Table 2, the PsOs concentration of every sample with both extractants well
agreed, and subsequently the author adopted 2.5% acetic acid soluble P3Oy in his routine work.

3-1-1, On the humus combined with Ca

The woody waste composts with addition of chicken droppings were slightly acidic—~
slightly basic in their reaction and they were rich in Ca in general. Those factors suggested
the possibility of abundant existence of humus combined with Ca, and subsequently the author
examined those problems prior to his routine work.

The analytical method of humus was the same as that on forest soils by the author®.
The pH value of BS-H-C; was 7.10 and its Ca0O and MgO concentrations were 3.06% and 2.33
% respectively, and its detailed chemical property and composition will appear in Part 2 of
the study. Those of HB-C-Cy and ~Cys were stated hereunder in Table 5.

As stated in Table 4, the humic acid combined with Ca (h-2) was only about 10% of the
free humic acid (h-1) on HB-C-Cy and ~Cy, and it was negligible on BS-H-Cy.  Subsequently
the author omitted the determination of humus combined with Ca (£-2) in his routine work.

3-2. Analytical method

The analytical methods of routine work were as follows :

Color; It was expressed by the color chart of Munsert system on the ground and sieved
air-dried sample.

Total organic C; It was determined by the chromic acid titration method?, adding 0.2 g
of AgeSO4 to eliminate the interference of Cl in the sample.

Total N; Organic N was determined by Kreipan. method and NOg-N, separately determi-
ned, was added.

Water soluble C; 10g of sample with 100m/ of water was on the shaker for 1 hour and
centrifuged. 5mli of supernatant solution, 5m/ of 0.5 N KyCryO; solution and 10m/ of HeSO,
were mixed and the following procedure was same as that of total C. The unconsumed KgCry Oy
was titrated with 0.1 N ferrous-ammonium sulfate solution.

CEC; It was determined by Pesca method.

Total K0, NayO, Ca0O, MgO and PiOs; KyO, Nay,0, Ca0O and MgO were determined by
atomic absorption spectrometry and P.0s spectrophotometrically by molybdo-phesphoric acid
blue method (SnCly-HCl system) after the digestion of sample with HNQO;-HCIO, mixture,

Water soluble P3Oy and 2.5% acetic acid soluble PyOs; 1~5g of sample with 100m/ of
water or 2.5% acetic acid was on the shaker for 1 or 2 hours, respectively, and centrifuged.
The supernatant solutions were analysed with the same method as total PyOs.

Cl; 1g of sample with 100 m{ of water was on the shaker for 1 hour and centrifuged.
The supernatant solution was analysed spectrophotometrically by mercuric-thiocyanate method.

pH; It was measured with 1:5 suspension.

KC; It was measured with 1:5 suspensions on chicken droppings and bark composts, and
1 : 10 suspension on barks.

Organic N fraction; Organic N was fractionated into amide-N, aminosugar~N, amino

acid-N, unidentified-N and unhydrolyzable-N after hydrolyzation with 6 N HCI for 24 hours
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Inorganic N; 10 g of sample with 200 m/ of 109 KCI solution was on the shaker for 1 hour
and filtrated. NHgN was determined by MgQ distillation method and NOs-N by the same
method with addition of Davarpa alloy.

Humus form; Fraction-1 of humus was determined by the same method as the forest soil®.

4. 'The chemical property and composition of hemlock barks
and chicken droppings (Result and discussion-1)

4-1. The change of hemlock barks during the storage in the open yard heap

The analytical results were expressed in Table 5.

Total organic C concentration of every bark was 48~56%.

~ Total N concentration increased with the lapse of storage term and subsequently C/N
ratio decreased in the same order. The C/N ratio of HB-1 (fresh bark) was 255 and that of
HB-3 (8-year-old bark) decreased to 161. That of HB-2b which seemed to be under extremely
rottening process yet remained only 141. Those C/N ratios of barks were extremely greater
than those of straw and litter, etc,, the raw materials of habitual composts.

The water soluble C concentration was 3.9% in HB-1 and it reached to 0.6% in HB-3
decreasing with the lapse of storage term.

CEC of HB-1 was 41me/100g and it is extremely greater than that of fresh sawdust which
is about 10~15me/100g. It increased during storage and reached 69me/100g in HB-3 and
78 me/100 g in HB-2b. Those high CEC of hemlock barks was worthy of note.

Total NayO, CaO and MgO concentrations gradually increased with the lapse of storage
term, too. But the mode of change of KyO concentration during storage in open yard heaps
seemed to be different from that of other inorganic ingredients. Comparing with the barks
in the upper parts of heaps, the remarkably less K,O concentration of HB-2 (1-year-old bark)
than that of HB-1 gave the rapid leaching of KyO out of the plant materials. But its less
decrease in the lower part (HB-2a and -2b) than that in the upper part (HB-2) in the same
heap, and its distinct increase in HB-3 (lower part of the separate heap) than that of HB-1
were noticeable. Although those facts were not the successive changes on the same samples,
they seemed to suggest that the leaching of KyO would be less in the lower part of the very
thick heap than in its upper part, or a part of KyO leached out of the upper part may ac-
cumulate in the lower part.

Total water soluble and 2.5% acetic acid soluble POy slightly decreased after 1 year, but
they distinctly increased after 3 years. The rate of 2.5% acetic acid soluble PyOy to the total
P05 gradually increased with the lapse of storage term but it reached only about one-third
after 3 years. In the author’s opinion, the most part of acetic acid insoluble PyOs would be
organic form. Generally speaking, though it was forecasted that the mineralization of organic
P40y increased according to the advance of rottening process of organic matter, the greater
part of total PyOs yet remained as organic form after 3 years.

The Cl concentration of hemlock bark from marine water was frequently paid serious
attention as the imported hemlock logs were stored in a marine timber yard. It is generally
conceived that Cl is one of the ingredients easily leached out by water, and subsequently Cl
in the hemlock bark from marine water is rapidly lost during their storage in an open heap

vard. However, the obtained result verified that the mode of leaching of Cl in the very
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thickly heaped barks was complicated. Although the remarkably less Cl concentration in
HB-2 than that in HB-1 seemed to prove this, the distinct increase in HB-2a, -2b and HB-3
which were in-the lower part of heap suggested the accumulation of Cl leached out of the
upper part of heap into its lower part.

EC values of the selected barks seemed to relate to the water soluble ingredient, such as
Cl and so on, and they were fairly high except HB-1 and HB-2.

The selected barks were acidic in their reaction and their pH value were about 5.0 or
less.

4-2. Chicken droppings

The chemical property and composition of chicken droppings were stated in Table 5.

The remarkably high concentrations of N, PyUs, K0, CaO and MgO, especially those of
and PyOs, were worthy of note. The author also attached importance to its remarkably high
Cl concentration. Although the Cl concentration of the hemlock barks from marine water
was frequently attached importance as above-mentioned, the Cl from chicken droppings in
the bark compost with addition of them as an auxiliary raw material is also the point to

mark.

5. Chemical property and composition of hemlock

bark composts (Result and discussion-2)

The chemical property and composition of the selected hemlock bark composts were stated
in Table 5.

5-1. HB-C; and -C, (Hemlock bark compost without addition of chicken droppings)

Their C/N ratios distinctly decreased compared with HB-3 but they still remained in a
high level, about 100. Those values suggested that those composts were in a rather immature
stage.

HB-C; was more light colored than the selected hemlock bark-chicken droppings composts
but HB-C, was very dark colored. The blackening of hue of hemlock bark by keeping in
slightly alkaline reaction with addition of calcium hydroxide as HB-2 verified that the hue
of hemlock bark compost had no close correlation to its quality or advance of composting
process.

Their low Cl concentrations were unexplainable; perhaps it may be attributable to the
above-mentioned uneveness of Cl concentration of old bark according to its position in the
heap.

5-2. HB-C-C;~C; (Hemlock bark-chicken droppings compost)

Their high concentrations of N, PyOs, Ko0, CaO and MgO were from the auxiliary raw
materials, i. e. chicken droppings and urea. The differences of nutrient concentrations and
their mutual ratios among the selected composts were unexplainable with their mixing ratios
of auxiliary raw materials expressed in Table 1. Perhaps it may be attributable to the
uneven mixing of auxiliary raw materials*.

The most part of Pe0s of the selected composts was rapidly and slowly available PyOy as
expressed by their ratios of 2.5% acetic acid soluble PyOs to total POy that resched 80--85%.
More than half of total PyO; in HB-3 and chicken droppings was organic form and a greater

+ The mixing of auxiliary raw materials and the remixing of compost was done by hand on the trial
products, HB-C-Cy,~Cs.
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part of it changed into inorganic form during the composting process.

Water soluble C concentrations were extremely low and they were only 0.6% and less of
total C. It was said that COD (chemical oxygen demand) would be an index of advance of
composting process. The author applied the water soluble C concentration to the compost
instead of COD by K3CrsO; method. Including HB-C;~Cs above-mentioned and HB-C-Cs~Cs
described hereunder, the water soluble C concentrations of the selected composts were extre-
mely low and no clear difference was seen among them. Considering the difference of ma-
turity between HB-C;~Cq and HB-C-Cy~¢ which was suggested by their N and humus forms
described hereunder, the author was of the opinion that the water soluble C concentration
would not be necessarily an adequate index of maturity in composting process on the hum-
lock bark compost.

The Cl concentrations of the selected composts were pretty high.

Their CEC were fairly large and they reached 86~94 me/100 g but their increase during
the composting process was not distinguished. It was thought that the increase CEC would
be an index of maturing on the sawdust-chicken droppings compost. Considering the extre-
mely low CEC of fresh sawdust, reaching only 10-~15me/100 g, and high CEC of its matured
compost, reaching 70~80me/100 g, such view would be appropriate on the sawdust compost.
However, the author was of the opinion that the increase of CEC would be rather inadequate
on the hemlock bark compost because of its narrow range. Though it is a problem left for
the future, the separate standards corresponding to the raw materials or manufacturing pro-
cesses will be indispensable if CEC is to be adopted as an index of maturity of compost.

Their pH values were 540~6.60 and their EC values were fairly high and reached 2.0~
3.0 m mho/cm.

5-3. HB-C-Cs~Cy (Hemlock bark-chicken droppings compest with addition of extremly

abundant chicken droppings)

Their extremely high concentrations of PyOs, K0, CaO and MgO were due to the high
mixing ratio of chicken droppings. However, their extremely low N concentrations than the
expected values suggested their remarkable loss of N during the composting process. As a
matter of fact, the strong scent of ammonia during the composting process, especially at the
remixing, suggested the abundant loss of N as ammonia. However, the scent of ammonia
was almost lost after ripening. From those results, the heavy mixing of chicken droppings
does not pay from the viewpoint of N economy.

Their pH values were nearly neutral and their other propertiecs and compositions were
similar to those of HB-C-C;~Cy.

6. Nitrogen forms of the hemlock barks, chicken droppings
and hemlock bark composts (Result and discussion-3)

The nitrogen forms of the selected hemlock barks, chicken droppings and hemlock bark
composts were stated in Table 6.

6-1. Inorganic N

The inorganic N concentrations of hemlock barks were extremely scanty and they reached
only a few ppm in NHN and NOg-N respectively except NHs-N of HB-2a reached 12 ppm.
They were only 0.1% and less of their total N concentrations.

Inorganic N concentration of chicken droppings was extremely high and it reached 2,700
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ppm and about 5% of total N. The most part of it was NH;-N.

NH-N concentrations of HB-Cy~Cy reached only about 1015 ppm, though they increased
comparing with HB-3 and their NOg-N yet remained on the similar level to that of HB-3.

The inorganic N concentrations of HB-C-C;~Cs were about 3080 ppm in NH,-N and
300--3,000 ppm, most of them were 1,000~3,000 ppm, in NOs-N. Their extremely strong nitri-
fication and high ratio of inorganic N to their total N, reaching to 6--14%, were worthy of
note and they were one of the characteristic features of the hemlock bark-chicken droppings
composts.

6-2. Organic N

The hydrolyzable N of HB-1 reached 80% of its total organic N and its amino acid-N
to nearly a half; the former decreased to 709 and the latter to 35% in HB-3.

On the fractions of hydrolyzable N, the unidentified-N ranked next to amino acid-N and
followed in the order as amide-N, amino sugar-N in every stage of rottening process during
storage. The latter two fractions were remarkably less than the former two, and especially
the extremely low rate of amino sugar-N was noticeable.

The change of every fraction except amino acid-N during the storage limited within a
narrow range and it has no certain trend. The trend that hydrolyzable N and amino acid-N
decreased according to the advance of rottening process of bark was quite similar to that of
the litter decomposing process in Ay layer of forest soil but no distinct increase of amide-N
and amino sugar-IN was disagreed.

The hydrolyzable N of chicken droppings was more abundant than that of fresh bark
(HB-1) and it reached 90%. The less amino acid and more amide-N and unidentified-N in
chicken droppings than those of fresh bark was noticeable.

The organic N compositions of HB-C;~C, and HB-3 were similar but those of HB-C-Cy
~Cg were quite distinct from those of chicken droppings, HB-3 and HB-C;~C, The remar-
kable decrease of hydrolyzable N and amino acid-N of HB-C-Cy~-Cg, reaching only 45~55%
and 11-~19% respectively, were worthy of note. Their amide-N also was distinctly increased
but unidentified-N was slightly decreased as a whole, and the changes of amino sugar-N
were vague.

The above-mentioned results showed that the trend of change of organic N composition
during the composting process of hemlock bark-chicken droppings composts well agreed with
the general trend of organic matter decomposing process, i. e. the decrease of hydrolyzable N
and amino acid-N and the increase of amide-N.

It is said that amino acid-N is the most mineralizable fraction among the organic N
{ractions®. Considering the strong nitrification of HB-C-CyCg, their distinguished decrease
of amino acid-N had a similar trend.

The above-mentioned results showed that the strong nitrification, decrease of the rate of
hydrolyzable N and amino acid-N to total organic N would be the indexes of advance of

composting process on the hemlock bark-chicken droppings composts.

7. Huomus forms of hemlock bark composts

(Result and discussion-3)

The humus compositions and optical properties of humic acids of hemlock barks and

hemlock bark composts were stated in Table 7. Their absorption spectra of humic acid were
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expressed in Fig. 1 and their classification in Fig. 2.

In the author’s opininon, it may be a much debated point that the fractionated organic
matter from plant materials by the same method as soil humus were named humic acid and
fulvic acid on their same response to acid and alkaline as soil humus. As the soil humus is
a resynthesized organic matter by polymerization or condensation of the decomposed or meta-
bolized products by microorganisms, he has to give the name humic acid-like substance and
fulvic acid-like substance in a strict sense. However, he uses the term of humic acid and
fulvic acid in a broad sense.

7-1. Humus form of the hemlock barks

The following facts were observed on the humus composition : The increase of humic acid
and the decrease of fulvic acid, and subsequently the increase of Cp/Cy ratio in HB-2 (1-year-
old bark) comparing with those of HB-1 (fresh bark) were recognized. The humic acid and
fulvic acid were reduced by half, but C,/C; ratio was comparable in HB-3 (3-year-old) in

comparison with those of HB-2. The humus composition of HB-2a and -2b was similar to
that of HB-3.

The absorption spectrum of humic acid of HB-1 expressed no distinct peak of absorption
band but a very weak shoulder at 560 mu, broad shoulder at 500 mp and weak shoulders at
420 and 280 mp. According to the advance of rottening process during storage, the shoulders
at 560 and 420 mp disappered in HB-2, and the shoulders at 500 and 280 mp were yet recog-
nized in HB-2 and -3 but they were more faint in HB-3 than HB-2. HB-2a and -2b expres-
sed a similar trend to HB-2 on the whole, but the broad shoulder at 500 mpg became more
faint in the order as HB-2a, HB-2b. The shoulder at 280 mp was extremely faint in HB-2a
and it disappeared in HB-2b.

The above-mentioned changes of absorption spectrum of humic acid of hemlock bark ac-
cording to the advance of its rottening process expressed a certain trend. But the wavelength
of absorption band was quite distinct from those of humic acid of soil humus where 610, 570
and 450 mp if they appeared.

The shoulder at 280mp in the humic acid of every bark except HB-2b would be due to
lignin. The broad shoulder at 500 mp seemed to correspond to that in Rp4 and Py4 type humic
acids after Kumapal® which he found in the humic acid of A, layer, especially in its Na-pyro-
phosphate extract.

4 log Ky (log Kypo—log Kgoe) and 4 log Ky (log Keso—log Kgso) which are the indexes of in-
clination of spectrum had a trend to increase according to the advance of rottening process
in every bark except 4 log K; of HB-2a and -2b.

Rf value distinctly decreased in HB-2 comparing with that in HB-1 and remained in the
similar level in HB-3 and -2a, but it increased extremely in HB-2b.

It is known that the decrease of 4 log K; and increase of Rf value, especially the latter,
are the index of proceeding of humifying process of soil humus®1, But the above-mentioned
changes of 4 log K; and Rf value of the humic acids of the selected hemlock barks was quite
different from those of soils.

According to the classification diagram of humic acid expressed in Fig. 2, HB-1 and -2b
belonged to B type humic acid and the rest to Rp type humic acid.

Compared with the regression curves between 4 log K; and Rf value of humic acid of the
representative forest soils including A, layers in Fig. 2, the singularity of every humic acid

of the selected barks that its Rf value was large notwithstanding its large 4 log K; was
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distinct.

7-2. Hemloek bark compost (without addition of chicken droppings)

The humus compositions and optical properties of humic acids of HB-C;~C, were similar
to those of HB-3 except a little less humic acid and fulvic acid and a little larger 4 log K
and 4 log Ky of HB-Cy than those of HB-3.

Those facts showed that their proceeding of humifying process was extremely slow.

Their humic acids had a weak shoulder at 280mp and a broad shoulder at 500 mp, and
subsequently they belonged to Rp4 type humic acid.

7-3. Hemlock bark-chicken droppings composts (HB-C-C;, -C; and -Cj)

Compared with the humus composition of HB-3, a little more humic acid a little less
fulvic acid in HB-C-C; and ~Cy, a little less humic acid and fulvic acid in HB-C-Cs and more
Ca/Cy ratio in every hemlock bark-chicken droppings compost were recognized.

On the absorption spectra of their humic acids the weak shoulder at 280mp in HB-3
disappeared, and the broad shoulder at 500 mp was more faint in HB-C-C; and -C; than that
in HB-3 and it disappeared in HB-C-C;.

Their 4log K; and 4 log K, increased and Rf values also increased in comparison with
those of HB-3.

The humic acids of HB-C-Cy and -C; were classified into B4 type humic acid and that
of HB-C-Cy into B type of humic acid according to the exsistence of a broad shoulder at
500 m p.

As above-mentioned, their increase of Rf value notwithstanding their increase of 4 log K
and their singularity of the position on the classification diagram expressed in Fig. 2 in com-
parison with that of the humic acid of soil humus were quite similar to those in the selected

hemlock barks and hemlock bark composts.

8. Summary

The main object of the studies is the standardization of woody waste composts. At pre-
sent the only information on the hemlock barks and their composts was obtained and the
standardization on the whole woody waste composts is a problem awaiting future studies.

The author was of the opinion that the maturity of compast should be expressed as the
result of the decomposition and resynthesization of organic matter by microorganisms, i. e.
the change of organic matter. The concentration of N and some fertilizer elements and pH,
etc. should be regarded from the point of view that they are the effective factors for the
activity of microorganisms and plants.

From such point of view, the darkening of hue, increase of CEC, proceeding of humifying
process expressed with the decrease of 4 log K; and the increase of Rf value of humic acid
and change of N form should be expected to be the likely indexes of maturity, i. e. proceeding
of composting process, of compost in the stage of working hypothesis.

However, the above-mentioned results give the following prospects on the hemlock bark
composts : The blackening of hue was not always the index of maturity. Though CEC in-
creases according to the advance of maturity, its narrow range of increase is a defect for
the index of maturity. The changes of humus form are singular to those of soil humus, and
the narrow range of increase of Rf value of humic acid is also a defect. The changes of N

form, i. e. the decrease of the rate of hydrolyzable N and amino acid-N to total organic N
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and the strong nitrification were due to the change of N form of chicken droppings and urea,
though it may an index of the maturity of compost.

The author was of the opinion that those factors seemed to be effective in the stage of
the working hypothesis but there is room for further examination. Besides, it is known that
the decrease of cellulose is an index of proceeding of decomposing process of A, layer of
forest soil, as hemicellulose- and lignin-like substances were resynthesized but cellulose was
not by microorganisms®. Although a similar trend was forecast in the composting process
of bark, the abundant so-called bark phenolic acids and suberine in the barks, especially in
the coniferous barks, checked the true determination of cellulose and subsequently the author
left the examination of their organic matter composition, including its analytical method, for

future study.



