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Abstract

Currently, various types of livestock manure composts have been developing for application to
farmlands as an organic fertilizer. Nutrients released from these newly developed composts play
an important role in the overall chemical dynamics in soils. In the traditional methods, such as
an incubation method, the nutrient release patterns were measured under soil-compost mixing
conditions, in which the major cations and anions were not analyzed precisely. Thus, in this
study, a new method for measuring early nutrient release pattern from composts was developed
using sand column mixed with manure compost and was applied for analyzing the nutrient
release patterns for four kinds of cattle manure compost. A sand column of 9.3cm height and of
5cm diameter, having the unsaturated sand layer of 2.3cm height mixed with compost overlain
the saturated sand layer of 7cm height, was prepared. Distilled water was supplied to the top of
the column at a constant rate and the pattern of the nutrient concentration in drained water was
measured. This could be evaluated as BTC normalized with pore volume. This method per-
formed well in detecting the delayed release of nutrients and the increase in the released K in the
pelletized composts compared with the traditional ones.

Key words : Livestock manure compost, Nutrient release pattern, Sand column, Breakthrough

curve (BTC)
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Schematic view of experimental setup

Fig. 1
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Table 1 Selected properties of four
2] EC? T-c¥ T-N?
AL oy 1
(10 *kg kg ) (dSm™) (10 kg kg™ ")

ERIINAFEHEE (N 35) 28.44 6.86 11.24 328.5 40.8
SERMIAFHEE (< y BV 18.93 6.42 13.11 329.9 39.7
TEATARSEHED (v 5) 14.75 8.13 12.28 365.3 28.7
TEATASEHEE (<L oy BV 12.61 6.48 9.37 358.1 26.8

V&g 2Ry =R L72EZ 5mm OXL oy b

DHERE : KD R =110 THAIE CHEIEFEE YIS, 2000 1< L)
¥z A piigecillE (B

D higlg- A RO R (FE)

Y 2MKCI ity (7] 1)

H.0)) EZEDH 5 L%ty b Lic, F5mm kL 7zh
T LTHAME U BN A DE T ORAL, FTem [EX
ORI L 7o ofg (LIN, [TRED 21k L 7o &
We, wUAy FPEZRUIVEEL, fafiibEo Ligs oy
37cm Fh (BEEMOETBALEL D bIFPIT/hE 0
E) 12ty b ankmtnEpkd 5 EEKC, <) 2
g Ry FICHER S AR 01 mm OESE 13 A%
T ARMEOHUKER (K-1) ZHWV<T, ki) 58 157
X10 %cm/s D7 F v 7 A THIKZEZRIE L, FEHpaf
BAR o IRRETER KB EPREEAAE - 7co TDKT
7y 2, BbTBEHIBRTHVABESELLS, &
WD © DRSO HIREE ORFEIZ LSRR ICHEA 51
B & FHERICE > THRES NI,

BOKZ K 4 BfEkse L, TFEathodEmic <08
FRAE L TOBIKBEMERR S 2RV L 72k, W o R ATH
COABAL, #okzElkLic, CosE, FREIREfMo %
ETHHDT, BUKEILITHES RO TIKASBENSE LS
WEEZ LN, FED LT, S/KILH 10% OfEtEr %
#97.5 mm, HEAE 72 & D&M, Sk 10% D fFEHERD %
I 15cm, DNRICFE L 7o, FH F, SEALOZHZ [ F
ERE, TEEES] &L dliEsabeT [ LE]
E95 (K-Do N FHEMEWMHITHE—ICH S I35 L H I
FHL, <Ly MHEIEB X EERIEEHZ 2 hEh 5 ke
W IIc 78 5 & 5 ICHLE Lo, 2 Tl N 5 HEIDo
BN — 2 O ARI3H 035 g, 2D <L b HER
DZI3H 0.8 g, [LEAEEID Z 11349 0.25 g &£ 78 - 72,

FEHEMF O &R b DI OIAHAINZ B 2dicid, b
BOYIRE KA/ NEWIZER L, LiL, aKHA/N
ST ELE, BUKEHEEROEELKBE (Rh) ~oF
T BERAE T B, T TR, BUKEBICETT>EMH
SOOI EmAIIA, »oBUKEBRICB T Bk

PDEANS L T, FEOEKTLER 10%
E LT Tz, BMAFHEINTOAWIHICHBWTKT
5y 7 AMBREO VLS, FEERoES 2 g ML
DRk L (@D,

ROT, Bk L72K7 5w 7 2 (§ 1.57X10 3cm/s)
THUKZBB L 720 B0 S N Bk % ToEiEE,
R OIRFATE L O/NS CERESNTWS I, HUK
FHBA & RIFICIR I 2B L T h, 722 Bt A L
DEID B 5 TERSIKBEIRIEICEIT LISV, T 2T
RERA & —EHHERE L 2 gicii O 2Bk 5 2 &
Elt, CoEEICKD, HHOOBKERICIEER 2
IKBEIDAEC 508, Z O I EE SKBERREC
BT 5 EF A e, AWFETR, et R T, BukEbk
» 5 55 IO AR L 72 O OB, £98
~100 cm® 9" 2R HIK A ERIK L 720 BRKE Z KR T
LT, W75 v 7 %KDz, Bokoakc, #HiH
KOBKLERE (LIF, TEC) 22 vo3s v BEBEKIRE
FERE (2 vy MEE#ET B-173, Horiba) % W Cilll
JEL, EC23204S/cm LI ({EEIEELTIE 504S/cm L)
™) ko E, HEOEEL, BukEER L THEER
T Utzo FEBRE THRERNITH 5 L2 EAL, FE
S (N = I S (P SR O =10 = A Ry T 7 s S i O B |
TE L7, MIE S nicg/ki & B O ARICH D
BEHALIC BT IR E, RILES X CRMELFIEL
720

Bk L i Hikrh o Ca, Mg, K, Na 1 # R % J5 1
WoEE (SOLAAR M6, UNICAM), Cl# XU SO, 1
* VIREE S v €5 ) BXUKEIEEE  (Quanta 4000E,
Waters), NH,-N, NOs-N, PO,-P, T-N, T-P &% % ot
JEREE (TRAACS 800, BRAN-LUEBBE), EC (25°C)
%2 ECGl (Ao a vo¥ s MeEEE) ickh, Th



o A 7 A& O ASEREIL D © ORI O IKEEVERR Y Y 8 — v ORFETE 41

HERE o B btk
kinds of cattle manure compost
P,0s" K,0" CaO" MgO? NH,-N? NO3-N»
C/N
(10°kg kg ™) (10°kg kg™")

8.1 19.3 32.1 21.7 10.1 8.4 17.6
8.3 17.1 29.5 20.4 9.8 8.2 17.4
12.7 32.7 33.3 17.5 12.1 1.7 1.7
13.4 38.4 36.6 16.5 14.5 1.2 4.2

ZHMIE L1z, Ca, Mg, K, Na £LU NOs-N, PO,P,
T-N, T-P OflE 3, THEEREI M (1997) &ML L 7o,
%7, NH-N OHEIEIR, 1V F7 =/ —LEolBiER
k-7 GRS, 2003),

R L e — B DIREDRI D FI@N DRI ETIDZEA L%
F 2w T B0, K-11RT FEHND 2 SIC/AE2
mm, EX 15cm OLREXH » F2FHE LI, INH%
1z (HTV N-100KP, HY-NET) &5 — 5 o4 —
(CR10X, Campbell) 1<#e L, EMOFRIEICHETOT
[E~DOEIKD LEBROK T £ TOR, 1 5RFE TRAE
JIZRE LTz

| O EMIC D &, 2 RIEOFEEREIT - oo FERRICEE
L7, 35~105 M Td b, Bk - TR -
too TRTOHEERE 25°C OIEEENTIT- 7o B8, i
Hi7Zko pH (25°C) % pHEl (2 v/¥7 b pH £ — % B-
212, Horiba) 1T & » THIE L 724EH, ¢ XTOEMITD
W 65~T7.4 DHEIFATH - 720

2.4 AHEERICHIT S Pore Volume DHEH LU

BROHBHRFOI-DOHEER

K-1#HBL0r2.3 TRl LAcFEBRRE, M5 Lk, fa
1 CPE) - Afafifg (L) olRAE, HRH O oKER
DIFEFIAKBE L EDHIcBWT, WEBEE TH
WONTEIEROERRER L > TS, TORICH
B IREBE ORI A RS 5 120, REBEHIORE
W LI o 2 FkH o i id F28R 2 S htE L 7eo

<HHEFEER 1> ixHFEERITEB T 5 Pore Volume @
HeE

BHERICBVL TR, EETE» SmtnE coio
Koy Pore Volume IZfH4 9 5 EFX 515, Th
ZHERT 5720, WEORE Y 1.5 cm (01 EEE R
HOERZSUWEEZR L, OEKO BTC ofill%

1 U C, Pore Volume Z#i5T L7co FMEGLITOEBD
THbo 2.3 150 LATIHICHEY, EEH 7em OfFfIL
1 NBAER Lk, &kHd 10% (k) ofEHErs %
7.5 mm, /KA 10% (8 10 mmol/l @ KNOs i5i%)
DOIEMERD A K] 7.5 mm, Sk 10% Gilizk) o4
¥ 10mm, DIEICFKIEL 72, Z D%, BokEHEEL,
HOABK L T, Htko EC OZ/LARIE L 1o,

<HHREFER 2> 1 7 T LT AREOBROEHEH)
DHEE

BHEREFE YA X TEMAESE B VI 5 41T, B
FEREAI DAL % ¥V ZJRITRA L, T DR D BTC @
BN L0, FEEROBRSBEE T Lz, FlHI
UToEBDTHD, 23 1L LICFIRICHEY, BESHT
cm ORFFNL 72 FI@AERR L 7214, &7k 10% oiig
WAEH 23cm T Lo TOH 5 41, 10 mmol/l D
KNO; i % 15 538 - #fizk % 60 3k o #1E% 3 [nli%
DL, COMDFRHIKD NO;EE 2 HIE L 72,

3. WRELUEZR

3.1 AHERICHTZKBENER

TR O 2 S oKD TE S OWERZAL ORI ER % X -2
IZRT o B OFIEITIEL D FENDOEF BRI B L
T, 250KGEIE,  FREIKE AR W15 &
Mot OB, EBRICHOWALKZS v 7 2 B
157X10 % cm/s) HEHEW OFIFIBKIEHE 0 1 4 —
F—hswTlicksEEZOND GHRS, 1987,
IKD—Wp{E I SR OB REY, 2 Ho/KRSETIE
PeEALEL (20 D), oW, KEEHIELTH
VDT, B E 2 oKD E KTy
MICB539TThy, ElfibHRzoksiciE-7
(-2 D @), HUKEBD SFEOZBKT 5 £ TR,
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the nutrient release experiment
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BAl» 6 95 221%) ICEMAERIOMEICEE L, LIgsE
BROM T T oEMsHirs i, o, (a)
Bp 0 U T NEDOKMZIZIERIFREEIC S 0, EHE K
BEIE DK 8 & O 3 I OBHEAREEIC
EEsniswT &, (b) REOOHEBEKE —REICIEE
WIS U 248, 30 I EH /KB EIREIC 72
5C&, ARLTOVS, WH7 5 v 7 AZ(LOMER %
K-31TRd o KoL LIS, WH75 v 7 21d
IKIEDZALITHRIIE L TR O OBIKER TSV, £ D
TP ITE N LT, BUKEED S 16 2%LIREIZIE—
EE -1,

F£-21T, 7 LCRE L FOEE O FERYIEN: 2R
o K5, FERETIRFO N E O $# 100% T
by, TOFEHIFEEHNIRETH - 72 2 E2EMT 1,
F7, FEOKSEEUKIC X > TETHEIL 7228, FEE
%0l U CARBIFR D R P L e

Pl b7z k50T, imHFERICB VT, B iAtain
TREERMOREE R 2, I P oBR AR

=, WREEBKBENEL TV T EDHES N,

3.2 Pore Volume 7 5 MR RHOEEE)

HEER LIk > TH A EERBE S KEKD
EC L 0B ZEK-41c/Rd, 7 5 A IO AE T
KNO; /A #E O IR IS 3 2 ARG H R 135 76 cm?®
EHEES e (KD A D)o —7, KNOs i DR
MH7 4y —ETOMDOWEDKNE (554cm’: i)
DEAEE G SFHE) SltHO» 67 vy — &
TOKS R (204 cm? : BIEHIE) OF1E 75.8cm® TH -
Too MEMNZIF—F LI E0D, FETE (G
MEDOHET) »5EM O E ol oks &% Pore
Volume & H# LT BTC 2L TE % C & MRS
Nto 12, KD B DS CAETOMO NOs-N i
BOHEMIZ033mg TH Y, FHWEITH -7z NOs-N
BOHEEM 029 mg IVt L7z, TOT &L, B 54N
AR L i h o KNOs 23, B i 5 C AICE 561
FTANTHLE SN EARBEL, EX N VINEKEE
ZEMT 7,

WEFER 2 1T & - TS N7z NO; O ARG 5
XU BTC #K-5 12779 KTHE, # 5 L0EHASIHK
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Table 2 Selected physical properties of the sand column

= &kl (10 %kg kg™ Y P i

(mm) el EERR T FetEl  SEERER T
=R 14.4 10.2 13.7 1.22 0.23 0.31
T 7.8 10.2 12.5 1.27 0.25 0.31
T 70.7 — 23.6 1.61 — 0.97

K OHUE 3 10 [Bl O EER Ol

A & VDNV ZFIANCKT B BTC I3 224 FE ¢l
P13 tailing FRLS N, NOs A 4 O (EHR)
BKIDLED S 986, 988, 989% ThH-1zo TDI &
5, NI LEEAT B A VRS OBHRBIRDEIIT
b3 EYrSNI, Fio, RARBOREEZRMEL L
BTC @ & — 7 & d, MO, S 088, 090, 091 T
bHotee TOTE, BHHFERICBWT, HRHEKDES
IR EM D SIEH T 2 B IEE E 2 R/ NHlid 5 C
LAERET %, b, 1 [EHOFHAIHT S BTC (1, &
F 1PV fHiE s 5305 Eds> TW 3 A5 2[alH & 3[EHD
BTCIE IPV XD b FPITEL L BN 2B TH -
teo TOFRIE, HUKITHES FEOKSEDO DI N IHE
n(E-2) itk -7, 2[EEE 3EIH® BTC IZHIEd %
Pore Volume S 1 [a[H X b MmicinlL 7z Lick
3 LS5,

MEFEER 1 OfERICH D =, D OR AR L EKIL

ZHWT, RFEEITHB T B Pore Volume Z3HE L 72,
TR BRI I FERE TIFO &K, LB T
DK EDFEICE YO &KL %A Wi, Pore
Volume DU Z, 74.2~758cm® OEPHTH D, FEi
TEDEEHOFRNE N oT, TNHDIEE, RIELIT
127”89 BTC OHIMELITH OV 72,

3.3 moiEt/Ny—v

3.3.1 FRiikd EC & bphifzr

55 DEMITE T Btk EC Z/bHi#RAX -6 (a)
~(e) 1T, Rt H 1 5 EC © E— 2715 d 5 Pore
Volume %2 %-3 12789, EC Z LR 12, SEMMSD
wafbania 4 vk oty — v 2K 7,
511, 2[EoKEFERICE T 5 ECZbihiididiz
—H LT, AR TIRELCHECLZEMP SO
By — v ORIERESVWHBEEET 5 T LAURS
foo MEITASEHEE (<L o M) TEIlSN/22>0 EC



44 THEOYIEME 55110 5 (2008)

0.20
®
A
015 | i
¢
—_ * .
E ¢
~ o .
¢ ! \
@ 0.10 .
o Y.
w o ! .‘
0.05 14 i !
* ! .
L 3 H \\.
+ e
e Y. .
0.00 ' :
0 508 A 100 C 150 200
HBEREE (cmd)
E-4 Pore volume Mt IC B I 2tk o EC & FEEGRH &= OBIR

Fig. 4 EC versus cumulative drainage in the experiment for determining pore volume
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%£-3 EC ot —7 %2l L/ pore volume
Table 3 Pore volumes at which the peak ECs

were observed in the nutrient release

experiments
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Fig. 8 The relationship between the positive and negative charge in the drained water
collected during the nutrient release experiments
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