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HItEAERRENRAERELEC T NREEERER @ B (CEERK
R WEBRREUE EARSHMARELEHMEE -

B4 EERYRMERTREEL = WEMERER & LEMER
BEEXKFREN  HUARBELTYHEYERBRETBRER > K
BEHEBENLESGYHEEWEAECARERS > THEHMREHRER
MiEFAERARERGEEMEXN T RBASHME - FIL - M5
BAFREAERHMERZ T EREREEHNEE MIERAERES
= .

[=]

PR c LB R ERER - AREEM
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il

Hij

BB (phytate ) BREFTRFYEGKTHETIENEER - B
EEHE 5% LEFVBAERIWIEZEER  WEREESR
ZHEBRER (phytase ) CETHWHME - % - 8 - A EEERH
EE > HELASIEMERBREANGTLRENE  GE2EERE
BWEEEERBRPHITR SEBRS R & % & - %48
HLUREHE  SBREHRA  AULEERBRFEEGWENENY
A]LLGe i B ) 3 R POE B R B SR R A BRI R YT 3 - 1 B Al A
BEXCHAELLEL LT WwEEMOSEEAT 900-1000 7T -

REBENRMEDN T EERBEOE2HE 30-50% EEEE 80%
EXZEEMEMEB > S T EEEE 10-50% M AASERBEEY 4
EEBERHZEBYBERERS  HO3 ZFEEFLREREESY
EWEE > MHEERESEN 1,610-3,510pgg' > KX 60,000 pg
g TMMEMLEHEREBRERKEBER HFHEBHERBEREYD R
WHHE SN OFRMHEREERFEMAEAESNEEBRERZRER
BMERRMYZATYE  AXNER SRR EREREREL L EE %
BEMNMEEREREENLMERAFE KR - F UBHB4EY
FER R EMEEE S T ER% - :

THERRE R < [ T3

1907 4 Suzuki T AEHREKRBE T FH IR E KB R (phytase I
myo-inositol-hexaphosphate phosphohydrolase) » 1962 4 3
International Minerals and Chemicals (IMC) Bf %4 F W &% fH B8
BEXmamttEL  HZ2E 197 SFREEELSBHRHEEREKR > W@
Aspergillus niger NRRL 3135 syn A. ficuum - TMEEHATERE
B CHEBREREREME  KRZoHMEBZEEN. > 288 phyd
M phyB> HEREUHEESG ZEBWE > phyA B pH 2.5 5.0 phyB
B pH2.0-pH2.5° 1971 FE Nelson EAEUEBEB RS G HENY
AEEREREESS  FTHKERA - BHE 1980 £/ BEENR
ETEEFEr A > EEHEMEI - 798 Gist-brocades FIZF B Alko Ltd
RN 1987 FHRABLUHERERFE - 1991 & > Gist-brocades

14
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ETE phyA» W5 & amyloglucosidase B & FH A. niger NRRL 3135 >
%?F%kbﬁ%’ﬁi@i@ﬂﬂﬁ S2 15> HEIZ ot B EEREERZHE
ARERE B ENY - HEFALBERZHE LT (BEEE) M
E!/73‘15’\ 196 FF—HAKHEERBEZE RSB NY L -
EHEMIEHBTRAERERKEER  BHEERBLUHSAEY
wRIKF A HESEERRERXOE —FFr -  EESFERKIR{EYHEE
R T EIEE MR —FR HIE2BE 65% (Jongbloed et al .,
1990) - WEEVBANEREYIEZRER WHWHEBYHZ KB
0% FE - AEBREARBERE > B LES S 00 R
BHLUmEFRE  SRAXSEREFEXAEREREPBRT L SHERK
SRE - -8 & - FURERE BILEESR(Janne
kerovuo et al., 1998) WL EBEZFEFESHUWARBINY
AURESHVEHERRIAERBAVREEFHEE BREZBHEY
1993 £ EE  ERMEABECETE#Y > SEERGR TR
M EE HHEREKERLIBERY 1.68%10° T > WE AT
N oo BRI ATLAIR A 8.23*10" kg BEEBEMERE S > IR=ZFTR ©

TEREEE SR

OPOsH2 OPOsH: Phytase HO

POsz —E(OH ,

+H20 —> < ® DR =

‘ pH5.0 oH @ = + JEAE
6—1 7Y - TR
OPOsH:2 OH

B/ R AnEs

Rk,

myo-inositol-hexaphosphate

1. TERRES K FEAEBREE R KR E

Source:Bing-Lan Liu, 1998
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YRS &

UEGES EREE (% W/W)

Waldron wheat (/[\2) 1.1
Waldron wheat bran (Z8%%) 4.8
Wheat germ (ZRJ1%F) 3.9
Com (FE2k) 0.9

Corn bran (& K%k) 0
Com germ (F KR 6.4
Soy beans (K5) 0.4

Soy flasks (KE.f7) 0.8

Dehulled seame seeds ([ AgEARR) 0.1
Peanuts (f£.42) 5.3
Dehydrated peas (fE7Kk %1 5) 0.9
Lima beans (f§ &) 0.9

Barley (K%) 2.5

Oats (FHeZ%) 0.0

Wild rice (§&52K) 0.8
Sunflower seeds (Jra] H &) 1.9

BRENE FFIEEE » 1996

R BIYETRT R IEERRE R TS E R Tl

FERYE THER RAs SRER SEY SEEE R

k) CRE, g% HE HRE ERIE pbEE g
1992)" k) ) Ekg® (k) ®
B 6.14x 10° 2.0l 3.8 021  0.008 4.91x 10" 6.75x 10’
EH  3.64x 10° 36.4/4E  0.18  0.066 2.40x 107 3.32x 10
S 1.80x 10" 295 708 021 0015 2.70x 10° 3.70x 10°
K 2.89x 10° 991 26.4 021 0055 1.59x 10" 2.19x 10’
5 5.78x 107 804 265 0.21 0.56  3.24x 107 4.44x 10
Hast 1.22x 10* 1.68x 10°

a. National Agricultural Statistics 1993.

b. 134,082 Tons.

Source:Rudy J. Wodzinski and A. H. J. Ullah, 1996
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= - S S R R R RS A T
fEEE FHEE £l SETIREYTREREGR ANk
B (R ke®) BB EETE | BRI e

1992)* (kg/%) Eiiizy 2t TefeiEE A Eke)
NEE  6.14x 10° 2.01 3.8 14.5 8.4 3.75x 10’
E¥  3.64x 10° 36.4/4F 139/4F 80.5/4£  2.20x 107
e 1.80x 10"  2.95 7.08 27(f55) 15.6(f451) 2.81x 10°
KEE 2.89x 10°  9.91 26.4 101({&E1) 58.5(f&iEt) 1.69x 107
5  578x 107 804 265 271({5EH) 177 5.62x 10°
et 8.23x 10™

a. Nationa] Agricultural Statistics 1993.
b. 90,000 Tons.

Note. 134,082 of P=total value of $ 1.68x 10°
Source:Rudy J. Wodzinski and A. H. J. Ullah, 1996

hE B B 3R A9 2R IR a0 & Ao o (L) EYERIE - B8 ERUR
XEBETFRUEVESEREZ - (2) BYHERE  SREZEESHEY
ALK R MBI R BB /NE T - 3) . MAEY THSHMEHEE
» M B 8% W Aerobacter aerogenes (Greaves et al.,1967) »
Bacillus subtilis (Shimizu,1992) ) Pseudomonas
sp.(Cosgrove,1970) 5 E M Aspergillus spp. (Ullah and
Gibson,1987) LA & B2 & B (Greenwood and Lewis, 1977) - — ¢ A X
HELACHEBRBEERABE MHMEESEE > BT Bacillus
subtilis ¥l Enterobacter BN BEZ — M EHABEZE (Livet al .,
1998) - B EBRMEKAKEREAFX > T® S S 3-phytase(EC
3.1.3.8)F1 6-phytase(EC 3.1"3.26)MiTE > BB E B MEY » 18 &
FEEY MRYHITEEEBRES B A FEERAEYESH
MEmY > EBNFHETSEE R RUBEYEREE (T > 1998) -
— i EEBEREEBEBMES pH 4.5-6.0 RBEBEES 45-60C - [
Hoi@mtERETME > SHEWRER -

17
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R - TERRRE R < RIFEE R

JEkE 2RI SoFEkDa) EHEEE(C) JEE pH
AHE B. subtilis 36-38 60 6.0-6.5(6.25)
E. coli - 42 55 4.5
Enterobacter - 50 7.0-7.5
K. aerogenes 10-13,700 60-70 4.5,5.2(3.7)
Pseudomonas - - 5.5
HEH A. ficuum 85-100 55-60 4-6(4.5)
A. niger 200 53 5.5
A. terreus 214 70 4.5
A. oryzae 120-140 50 5.5(4.5)
K. oligosporus - 55 4.5
BERFER S. casterllii 490 77 4.4
' Bakers ' yeast - 45 4.6
HEY) THZRAT - 50 5.2
I 66.5 48 4.8
BEEE 88 55 8.0
EK 76 55 4.8
Fk = 160 57 7.5
K 60 55 4.5-4.8(5.5)
sINEE 68 45 6.0
oSS 47 55 5.0-5.6,7.0
V(BRI ANE - - 7.4
7t - - 8.2
N - - 8.7
ZE 70-90 - 7.0,7.5-7.8

Source : Bing-Lan Liu et al., 1998

THEERBECHE

TEEHBEEHLE 2 E 30-50% (Paul and Clark, 1989)
EEEERN - TEEHRUBSEHESESERZE —HRAKMELE -
HELIUERMAPHFLIEEER MIXESE KUK BEAXRE®RS
MELTCERBEEESNHEEN 18 EREEE LH(EK > BEHB
ZURDFHEYFERL > TEEER (fulvic acids)fEH > HEXRHEE
FEB% (fumic acids) > MEMEE (hunins) ¥ F R & #iE - Walker and
Adams (195 IR FEAE R #E R - ﬁ%%ﬁiﬁﬁﬁ%ﬁﬁ%&zﬁi@?ﬁfgi@bﬂﬁﬁ
WL HMEE LT EEEBIECERTFERE Bk - T EHBREE - #
BERE - kAR -8 ET&@%%E@*’J\ C TEEHEBEE KR
TEBEEER A ME N EHERETRS

18
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TEEEEE —RESE = KE > BNULEBE S (inositol
phosphates) ~ %% i§ & (phospholipids) ~ ¥ B (nucleic acids) » [
XA~ HFXrESHIEBEEE jﬁj\?_fﬁ‘ééﬁiﬁfﬂﬁﬂi/‘\WYEEE
EHREGY  FEEUREESEAS A W= Z@EBE > KEKE
FABEEME  MEEFLUEEAS  AEBBERSH  HEHRIE
oTERD - EFEEFANEBEZ ILE BB S AEE (phytate
phytic acid 3 myo-inositol hexaphosphate) - EHFE & HSE -$£H|
BB R ER S5 88 (phytin) - EBEBS FE o HEEHB > 19145 10-50%
(Alexander, 19'77) EHRESHEELEY TESCHBEE -
H &= HA 5 B e A i mh Bk 85 i%ﬁ’f&%%ﬂﬂfﬁ%@ﬁ%ﬁb”?(Condron
et al., 1985) -

KT~ TEEREHER S LD

AR ik
HIER WiEE AT

BN 0.4-38 -
=gl 1EaTA 9-83 0.5-7.0 0.2-2.3
] 24-58 0.6-0.9 0.6-2.4
JIIE=N o 11-23 0.9-2.2 -
FAPERE 5-43 0.7-3.1
YLt 23-30 - -
£ 3-52 - 0.2-1.8
Source Dal al,
1977

FIFERN TSR Btk < (R R RGE B B

BMEEM =R REXFYULEECLTERR  HERKEHEALH
R MERAEBERBIH SEZERZEKEN  WMEE T EBERNE
AHEENR MFLEHERFEREREE  BXRLBEETRE
BELTRTBECAREREE  THRFYREAAE - —RBEEEA—
FEFYLE > BRZHERAEE 20%#5 > 1993) bk L EEEH
BERBANFEFRAERTOER  ERCEEEM > I\EEZERA -
M - 338 75 B B 5 ST W 38 75 9 Bl B B2 3R (phosphatase) 7K A# {F 8 M
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MMM EYA A - — WA RE KR E RSB
MEE NTREZ "HEHEREBR ) FHMBEBEEN B HLBEEE
BREHETE -MHoF®E -

EEITETREGESOERE ?REER 1978 SMER » —
iy TEEMBEESNESEE B BE L EERESE S N EHE
B H—HEBEETEEEBESESNARKELE  WRAFR - MR
M-S REYEMGNRERSM  BHABEERSYES T ERFE - HE
BEEEMERLRE  SflAEREERS L KB EERE LGN
TEBEMODEMEABARZIEN 2S5 N TEEBRERYE - 25
BRI % - 1993 F Ginter EA TR AR BERR M
AFEBE (000011 pl/pot) HEHEEBEREEKIEE (2 mM phytin)
BMEXECEE HRERN KEB20KREEH Hi0 1pl HEEEE -
HERT G I B 4G 10 524 (WE 2. a) - HHE Mk $ Bk B8
2.5 f&% (0 2.b) DARTEMKREZYEIG I 32% (WE 2.c) Bt - {F
ERemm Ll 3 fENE K ¥ + % (Heide, Loess, Nhasamba)i# T &3 & B -
/5 4 MM BE #E & (phytin) B 6P &4 51/ 0 320 1000 A 3200 pmol -
TEEEEER O 12 10 pl> BRUWE 3R EXRGHABEERER > HEEk
WMERBALIAHE HERAToNMBAERESENERBER BN
MBS EEKRLZYWE - BRIL > 1997 & Richardson % A 1 1 5 & &
Y18 & Bt Pseudomonas spp (P. mendocina CCAR31 1 CCAR60)E
SWHEREBENRE D AEREBREBEHCHERESE 81% - 55 #H
AL - PHERZSE MERBREERBMER pd4.5-6.0°
WERRE P EEREE  MAEHEES>FEVBEERFALE
ERMMcEDS  DERTITEEKEE S NEHEEREER  GER - P&
TEEEBCAEREERTT -
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=N~ oEtE A BRISE

e +% | arEmE B TE4
ahhd ug g'------
1 R R 181 361 7K
2 BRI RI1E 88 75 P2
3 B A RIIE 139 100 Zrat
4 BEER R%E 117 161 HEE
5 EIER AR 365 273 JEEY
6 WIKFR RIE 232 144 CE
7 R RECEETIEL 117 631 7K
8 Zk%F RECEEHIE L 120 948 pii]
9 2R =1 L 115 493 TKFE
10 AR WEZEFIEL 110 752 HEE
11 FEER  WHEHAIEAKMEFHELS 126 257 7K
12 TEE % LIE=F et 220 583 7KFE

13 HBER it aZHEL 218 423 EFE - HHT
EREEEERE 1978

noP phytin
= 600 v v 3 150
5™ [a 27 b
£ ©
3400 | E
iry 3
o e
7] Q
£
= 3
n- 0 N RS n-
0 0 oM 1 0 0 0.01 1
phytase addition ( «Vpot) : phytase addition ( .. Vpot)

B 2.8 pi ME ) AREKER
K o) ERAE

g d.w./pot

0 0 0 1
phytase addition ( . l/pot)
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Heide

mo 0320

1000 03200 g mol

3
’g no phytase 1y Iphytase 104 Iphytas%
32
°
2
o 1
3
o
0
phytin phytin
P-source
Loess
4 A
= no phytase 1y Iphytase
2 3
=
8 2
L
/7]
z 1
o
0
phytin phytin phytin
P-source
Nhasamba
__ 4
§. no phytase 1y lphytase 104 Ilphytase
5 3
S 2
£
/7]
;. 1
o
0

phytin

& 3 =FENE L3 - TERISEINIER R 2 1%
HEKM EERE 8
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THERERNIEREEMEERAEEREREEARTMY
EEEBKERERBEREL > GEMETN (Novel) FEEEW
(Fabulous) S H  AEETEHEEZENREEZE  ZEBERERE -
FEARNRBMEMRN EMAEE ML EHYHEEYTESEBREEZ
TE B KBS Rk i MRt EEMBEELN 1,610-3,510
ug g ' (Peperzaket al., 1959): HXBMIAEEE EMEMEL 60,000 ug
g'(Azhar et al., 1998) R ELEBREYFEEREREHNEE
BN AHEEARETEEERN I EREMABAETKREE 2B NEME
BlER ETEEEEEEKE  BEBIAEXRE  BAREESH
ERERER - T EEECEHBEENTRITEANBEEAREE
A EHMEREEHERAESREATERGE  RYUBAEERSA
TEBREFAESIE  WAEAEERAHEXRBEEHE  FHFEEE
9-10 fF> L EBHERT BN AFAFE > THREHRLTEARMER - 5
K FY A RS AL EHBIAEFERE SR -
HE#RZREERLBRNAERN  ZHRVBEDNITRBEEKERRK
WMBEZEF - ¥E > EREELRE  FEHT)I - MERE  ZEE
HAEBAEIFLC -
BAFHAERIEN A ERAHYEAERFEERSE @ 5 H 5%
IR E > KMy MERENEE EHARSB KK CE
B EZERHBRTHEEEZEERELEHLE  ZELERLFREHER
BMEZREEANGNIVAEEREEANARBERLPRAZRHERER
MonE e BF R
1. =3 REtE MR BE 3R :
BEEREHEEBEBEFASIHERN IEXAREKRESE - RE
Cromwell et al.,1993 FHFEEH ARNTRIMNMEBRBERBRREEE -
HEB o FAEHE 15%8 = 43%: 5 Kornegay 1996 4 7R %% 55 Py
AR TARMERER  AHEHEHERD 240 HATTRHARER
WEBLIHEEEMNAEZERIEN A e R EHEEBEEREEERE
EEREAHE  UXELAESREHEERRFEEARSNY - N
AR &4 EE AR -
2 AETE B = B AR oK

FVEYE S EEBRINREYESRIKF A - 2B Victor A.

Raboy,1997 F S A RERMHBEEESTE T LK ZEBREEER
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BRFEEEME 66% EMETSRESE SOy HAN RS
e A AS
3R ETEMERNMEEREE R A ERANHAEREER&E 2

=%

W

B R S R 0 A RETE B BE R R (R HE ERDRL P RE R K R R B B A
BB I A A - R 55 40 TR A R D RE R R B B A
G ERERERAREN DR S TERESEEE  fIEER
SEEARMEARTEEMADZ % T LIE D & Y Bl o = 3E
= NEHAEREEN AR A RERGEER T EBEAS
g .

THETBMREREE  WAOMEE L EPBEERE > BENE
BRERMAE > TRZSRE L REREHE - KRG SBERBEER
MEZEEACO MBNEN N THELEEGREEREE  EHIEE
HOTE 0 A8 T 1k 22 IR B A 2R IR 0 DU R B B
2R MEBREENEREM ANEHE FEHEEY  ZBEY
TEEREERER R KEHRENES L E I8 E S EEHE
MEE  ERSERZHREFY  LEFVEYEER MEBRE+
BMAEBEE X ER o MET IR B B R KR (F TR B T T A
WIS A A SR RE B B RIS R M TR B A R
ERAUT N HRMAEENUR S IEEGS ER REERBE
HEEVER AR RAZERER - DUEE BT BE R -

FREEBOERTETRAEFVERITCED » & E 15
HAMERMEYEE  FEAUBRAEAERRBEYERZIBES
REE - ZEFEYLURAEEEYEEYS  AAERNIER
RAEREES S REEBBERE TREERKE  LEBEZETR
o HMAEESBHABREIESR -

SO0 EEXRFNAERIEN R  BAOBYER T EEES
BERBEEERME BHASBERKZ B £ g k6 e
RFRERGBNYREERSEER EX  TUFRRS B Y
TEEREE WEEMABEENEARREAZRERGE R 45
BiRBERmBA - Wit > PR REAERELHRERS T/  F
TERECHAEEREAESE RS -
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BB PR R R BRI R 2T

Hi e HEE BER
TR R R LER

W =

BRIV ABEHE R EN S EAREHIE F B8
o MEESYEEaMEYHHIE  BAEVYEERSKRE
BEEALMR 21 R -EaBitYEBRTSdERBHE -
FRABERE TR LED 1200 BREHEH > BT H
FaMEYEETHIEAFEEZREFEREIARERIH
ROEHIEHERAR 140 B E2aMEYEETHIES
HMEAREHEZHEEAERWHRE - ESHEARBHEEE
FamEYw 7 XE 4 REBANLE BEREREHER
BHEARWAER -

B#EF  EamMiEy SHEREGREIEH
Summary

In Taiwan, there are lots of agricultural wastes produced each year. It
should cause a big problem of environmental pollution, if they are not well
treated. In order to protect ecosystem balance and maintain good quality of
environment, reusing agricultural organic wastes should be encouraged
and taken action. Using agricultural organic wastes to produce organic
fertilizers apply to field as providing nutrients for the crops is a proper way.
Beneficial microorganisms can dissolve insoluble phosphate compounds
of soil, fix nitrogen to biomass from air, mineralize organic compounds to
release nutrients, and secrete promoting plant growth substances. General
speaking, composts have fewer beneficial microorganism populations and
slower nutrient releasing rates than those of chemical fertilizers. The

objectives of the study were to use beneficial microorganisms, such as
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nitrogelléﬁxing bacteria and phosphate-soiﬁbilizing bacteria, to‘ promote
the qualityef wasted ‘wihter mushroom sawdust compost. Investigating its
effect on the growth of kale, cabbage, and corn. The results showed that
the compost applied to soil at a rate of 1:200, the effect of the compost on
the fresh welght of kale was significant, but not for that of cabbage or corn
crop. As the application rate rose up to 1:40, the‘effect of the eompost on

the fresh weights of cabbage and corn crop increased significantly.

il

ZEEEBFEFRERERERBEYWES (HERE > 1995
1998) - HENLEREREYEEEEMHEENEY »  H=
EEEENIBELERERN 58% ~ 233% K 110%
(R » 1995) > FELEEBEYRNMUZEZEREHE > AR

1EEﬁ}TIﬂ’ CEMRMEBRENREGSE  CEHIBAW
&M E ?%i_&_éﬁi@fﬁ’Eﬁ%?i%%%ﬁ&f—iﬁﬂﬁ%ﬁaﬁéﬁi{%

= cﬁ%%@ﬁ%ﬁﬂﬁﬂﬂ?ﬁ&%@ - M AKRARESEHRE
fEREEERER @&+ MEEN > ESESERLEEE - &
SBAEY W Trichoderma viride ¥@ Bacillus subtilis
AR ARE MR (lignocellulose) EH K4 FH#1k
EMEKEMEE (humic substance ) ( Requena %
1996 ) v Azotobacter sp. ~ Azospirillumbrasilense K
Bacillus sp. FJUIBHEEEWERYWE (1993 Brito
% > 1995 K Requena % - 1997) EEWAEREENE
49> (Hassink & > 1995) -~ XN EZWEVITWEEER -

EMEERMECEBRBENERE BEHREBELTERESR
S WEEEE#E  (phosphatases) H DL¥A fi# 5 (% fi# 1 558 op &t
BEREACEYEE#RELES (BFE > 1989 ¢ Illmer
% > 1992 K Tanaka % > 1989) KEZEZRF&EE
( Débereiner % > 1975 Sloger EZ Owens - 1978
Mertens B2 Hess » 1984; Benson % » 1988 K Janzen Hd
McGill - 1995) o ffi — % B B A 1 E B A/ 2 598 BUH
RREE  BEIENOHZER  (Tanaka F > 1989)
BHEEFERMEYOEREFEEES (Zucconi & 1985)
EEMNE  FEHE  HEHL  @HEARBHEERSHR
BHEME S MAE EABMAEN EBREE S B/ 10° cfu /
g compost B 10% cfu / g compost (R » 1998) - &

29



BB R ST s & T

MEENEAMNE  BHEERCEFVERZHEKRN G H
BREMWEES  UREFHELE  EHEYNESR > BER
FREENERAE AW EBUGEEABHEEREEE S
BEMHONTHE WHRHEHSEEEIMEVER ZIBEREIER
T@ﬁﬁ%ﬂ&ﬁﬁﬁ%i% A B A] LU R R 18 #E
REREREY AIRBRXLERHRBERERE A H 4 F
- EAREELRE  HENNERRERHET  £EHE
REBEENL  HEEERAXKENRE -

Jr SRR HERE HIM T 2 A o B

—BMERAEEFEEEIMEY  WERMEE - BB
MEESWEEEA (Zucconi, 1985; B tHE T B,
1995) - BAABNEH ECWER H FFEHEE - 4 FH T -
HEME - SHEARNBHE  FHEAKBEHEWNE S M E KB
EAEE R, E DB/ 10° cfu/g compost EE 10¢
cfu/g compost (FE—) -

MR ERBRESREETSHEARBHERE S >
KT Rtk HIEWBBMEEEETE 10° cfu/g compost »
REBEITE 14 XKk 21 KW BBAEEBEHDD R
H 1.3x10%cfu/g compost B 5.1 x 10"cfu/g compost (3
T BEREEEREHEABHEE RN ABMEEKEER 1.6
x 10* cfu/g compost - & $f 7 K G i JEH 45 0 B & A &
AEEREE > REBET 7 R SHERSERMEERE
BHEE 6.4 x 10 cfu/g compost > SEILHEMBEHEE L » =
EETE 21 R BAMEBRFEMEHEES S/ E A M
BEMSE 3x 10'% 10° % (£=)-
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x—  AEEREIENNERMAEYREEE
Beneficial microorganism populations
Organic fertilizers PSB NFB
cfu/ g compost-—-m-ceemmmmamaua

Swine feces compost 3.5x10*b 33x10°a
Cattle feces compost <10%¢c 22x10°b
Chicken feces compost 4.1x10%b 2.5%x10*b

Winter mushroom _
Sawdust waste compost 56x10%a 23x10°b

Shiitake mushroom
Sawdust waste compost <10°c 55x10°c

Mean values in the same column by the same letter, are not significantly different

(p > 0.05) by Duncan’s multiple-range test

R BRI T 2 iR EHE T AR R R B

PSB populations
Times Treatments (cfu/g compost)
A 6.1x 10°
7 Days B 9.3x10°
C 4.8x 10°
A 1.0x 10*
14 Days B 3.7x 10
C 1.3 x 10°
A 1.2x10*
21 Days B 1.3x10°
C 51x107
Treatment A: compost + liquid cultural medium. Treatment B: compost + PSB
suspension.

Treatment C: compost + PSB suspension + rice bran. Background PSB population of
compost was 1.6 x 10* cfu/g.
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K=~ BEHIEEET S RE IO RIS % & R

_ _ NFB populations
Times ~ Treatments (cfu/g compost)
A 1.4x10°
7 Days B 1.5x10°
C 6.4x 10°
A 1.8 x 10°
14 Days B 2.8x10°
C 4.5x 10’
A 5.1x10°
21 Days B 1.0x 10°
C 45x 10’

Treatment A: compost + liquid cultural medium. Treatment B: compost + NFB
suspension. Treatment C: compost + N-fixing bacterium suspension + rice bran.
Background NFB population of compost was 3.0 x 10* cfu/g.

HEARMEY T RSB BHEE T FR R ER R 1%
MEVERNZE

Wil TARIBY KM &ZME TARIBSS B KRS EE
EFRHREFR & 0K 7TKKk 14 KZ2#% B0 1:200 Lk
PliEANEZEHRLTE  BREBFRETSTHEEBERE S BB K E
BEREXBESERIMNHIEEEZEN 118% ~ 126 % &
1209 @ 2 EREMZHEZEEZE -FRaBEVHEXBES®R
EETHRE 8 7 RZBERARLTE  HBFAEREKRENEE
W ix B IF o

HNHEEREXRTNS  MARUEBEMEWEXKBERS
BEETHE 7 X&BEARLE  REHNELARE  BEFHEK
BEEENABREAEAINNHEIEREEZENKE SRS FTHE
%’20

BEEHEZRMERMEER K > FEHEL 1:200 E#l5E
AT HE RELET 3 F 4 EHE > EHRIANERESFRE
B MeEEE2BEYREETHIEHEYNERRS
G - ‘ :
Bl EfaMEYesdEABHIENAERS » HH
THEESEAE 1:40 >  BRETHFELRE - ABERET
HEZREIRENRES  EEELHWED  AETEIH
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CHIME BWERBMEVHEABREGZEBETHIER 7 X
AR EZEN  TIEHBEERRBIEEEHABERES
BARNRHERECEEEFREZNME  TEEAMEDRE
M E - AEN > HEAENEMARET KB D Z M
B REEMAEMEABESREETHE 8 00X 7TX K&
4 REBANRLSE TEENILHBEEENMEEE  THE
REERMEYVRETKERNHE -

| AWV A B LR F R A R B
SIS

RTHAERHIERER  HEVDERNUEES KK
KEEEAEWMEYHNER WREEMAEVHEXBESR
MELEE - IR HERE  BRAFEKGEZREA T8 EH8EE
REKN—&E ETZaMEER -

ARERBTIEMEVEABESREETHRE & 0
A~ T R~ 14 Rk 28 REEA LB ZH KR HEI I
AMGERGEUEYEABESRBERABRMNHEIEE # X
MHREEEZEM8%F Bt 2 ARhEESTLERBEREEX
BMEGRBANMNELEEEZNIKREREFNE  ERTEEM
EVHEARES 48 N MELANEDSNEZSREFEDE
WY SRIATERKREFMBAENZERME -

HHERNMERENS  FaMEVEXBRRESRERE
THE & 0 Rk 7T REBRBEARLEREZFNWRED A
£ 0331 g B 353 ¢ > BEARMEDEABRSRERE
WM HEEE ZERME 311 ¢ 8 333 g0 BE > BZR
B MAZMEYHEAKE RS RSB E %I HIE R =
FHOME HEEEREEUAABESRAN THIEEENLK
EREERTHEE BTRFAENMAEVHABESREE T #
- 7T REABARL®E  TUARREHERNEER
P

FEaMEPUEAARESRBEETHIER 0 X 7 XK
14 RERBANRLE  THEIAXAKEBEZNILERMALYEX
BECRCHEANINHIECEEZHEZNE  BFEEMEY
HABEGREBRERNNELCEEENRE > LREHEE
HZHEABECHANMNELCEEZFEZNRE  BETRERME
MHEABESBEETHLES > K 14 XAKBARLEHE &
EERUMAEANEFEMEYNEERERMELANLEYREL
HEAKERVUGHEENEE -
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mE L ER > TLUANEREMEYWHXRESRE
BTHE UE 7 XE 4 RZABEARLIEY > BHEA
EEARMEVRBEHNERX HERREIAXERUAER
MEdE  EHREEAZEE  AEMEVHEAXBRRESRERE
THIEEEEHHEREREIANAERUSZN L ER /) » LA
HEREIAXERRR  HES-NFTRELHABEHOES -
BHERMETERMIHFEREIKEREEERBNESR
FROEMEESAE  RIAEEELER MEEIEFEM
AYREHEREIAERNINE  EHLEHEAERSK
FamEVEXBRECRERETHLERZRE > FX AR LK
EHEREITAXERNUREZE -

WERMAEVEABESRBEETHREREXN(EYE
R MERGNWEE  HEYEE HEXRSKEHARBRS
BEYRF HRNANBEEZIEFINS  BHIEKAE - A
FARERLEARMAEYHERBESREETHIER AR E
EMERBRR - EHBRARENEYME - EHIEHEFgER
SEREAEEMEFYEKEELARNTERE  UNSEERR
MAEMHIE  REFUERNUSEEZENRD -
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TR B A B 2 B e

afEd EHiRX?

TR R R S GBI
* BT TP EK B YR R

W B

BREBEYCSRBENREL  THEREYRBENE B—AL
BAXERENWERBES - B4 EONREN ’EEP%%’%%ﬁ Pythium
Spp., Rhizoctonia solani K Fusarium spp. SHYWIEEREE > B
MENEEFEAERHRARAEEMNBEENE - ERENCED > B
FBN-SA RS 4 ¥ » THS Trichoderna spp.~Bacillus spp. &
Streptomyces spp . FH R UMEYRIEIE » W 7] %85 15 5 2 B 7 5
YR RS  FEEEEEEERET  TRENEOHE  BES
IEREE SHEMIE BRERCBESREBREYNNRERE
ERBLRATHEARNEEHE RSN BEEEZ M 7 E &
W (F. oxysporum f. sp. niveum) > HEBEBREIK (Plasmodiophora
brassicae) BV ) ~ FE i - HE K W IB B &H & % (Meloidogyne
incognita)FEINW - W4 BFEARXKEEBHEREESNHBZHBBER (L.
myriotylum)fBIINE - MIEAETHE R EEHINERLCEREEE =1t
—WLIEREGGRER > SRERM0.5% (w/ vV)BERK - 0.2% (w/v)
M E 0.3% (w/iv)BIKEEM% > BN AL SSC-06 /& - SSC-06
NEREFNGHHERES LB (R solani AG- 4)?&%5’]}5{%% 1
RIHNE P. myriotylum BEFIHETHM S E - F M VB K - (BVB
No.4) 25% @ ZHIERKR LT 25% @ BEWIIHE L 50% FAMBKES — 5%
ME(TSS-01 &) EEMHBMEREKE(F. oxysporum f. sp.
Iycopersici)RIBHEM BB BTHIRE - 4t » DUB RIS ¥ 55 8
R R HERE /2B (TBC-03) > MEAMREHEBE G IMBEHNE

R REBEY RN E  KEERZE -
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i)

THER  REANWBREYHBEEAR T  FASENERERE
GRKRAEHER  CREBEREHHEERR B A TRMN FERE
ARREERN BEBENNERTEZSEEERWENE - LE2UEEEENS
N ENEYHERTETRW - —KEZ REEBHRRANNEE
EEHERO W ELD - ER - BRL: REERERESRKSRS
HEMmK HREENERSROEMBERED > EEXAE > FHAR
ERENRELERARG NGB —BATEE=BTASL - L4
EONENRERS T — EREREFEYHERE » BUEREEE
FEERENRABEEE Hit > EXMATEEMHEEFINR
WHEEWREVEEREREORENE  BEEATEBHT
fEe RN FRELEXERANFNEORARER > REAE - (LA
BNEEQOWAZENRMTECSEHNC)HBENEOHETRE (4HIMEN
EHRSEER (SHIMENEIRERHA - ’

BRI

T REE > RENEMNEMNTESRERMER _ME - BERNE
s EWE RBL - EL > BkO -8  WE - -BH AEL
EMEBEELE  BENENFOQZTIESBE  AHRNENALE
BRE -ARE - KRERSERLBEYOH L  BE - B/ k-
e mk - RoKTESE - HEE - RFM - ERM =DM BK KB
Mrm HE BEHFERECEEE  BERY  APREBEFHEF
FoRARIERFRAEZLENEOREME -

prERE T ERE

HENHENEEEGEROYEE CEE -EAYERKEXLE -
MNENEEVHEBUHEEREEREFNERMEMEKT - BIMR K E & 5§
BREETREFEERYERKZH ENEEALLATENRE -
EEBRMEERSZHBNNEHE RO ERRERERHEKNES
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TREKEG Wit EFENEVEERLRZERZEESAYE -
BEREFERTZHBONE -BRNENERZLBRECEEEN
BRwpE - EBEE(EC) - BHETFRXBEENCE) - EETREELTE
FEDESERE - " REBNEEEANLARZHENEE 58
RIERREMBEELRE > ARG ARYEREHER - " EFFmaE
MEETRAZHBPVPHEYNERTEIENRZE > FINLERE
R LHEBEARUEERFEFEEME  —REENERTES
HWEEYRIEESN > 9B B AR RIENIIE - KL EDRE N
BERNEWNEN(HEERERES  DEEYWRENREE S (DB LERE
ERHEHEEIEHMN O)HMERENHEEE  (HRERERE
TERBEREEMENMEME -

N BRI RGE

REEBEYHBERINBENER  BALATHRBERYNY
B EREYREESEFENERE  TEEEMAHNRTEZEH
% BEERRERBEYRZ FTREELBEEYEEIRIFYNE
EmE EMRSEHBERAOGEER - AN EROHRAECE
(DNBERMAWEHEAE | REABBENENHEER > 2. 2EH
ERENEYEER JBEIEFEMNEEAEE  (OEFFFE
AU N BEHUFHEYRTFEORR R EF BEWHEN I -
HIB R T8 47 - E R AWK DT - Y 19 45 47 B 1k B 1Y
S FHEERHEYHEAEAELRBFETRENZE S OXELHFELS
BEMHENEY  BRERBIBEDOIIN - EMNHKLEE WK
BEM D (OHEBEWER AT ERAAETEN  HURAERE
BEEAFNEERE (HBREFEAMETRIINVEERAR - #imH#A KT
WAE(R—) -

s B R BB R

REFHSEAMEFEYEET  REBAMEYWRINGFYHE
MR E > EEHEENREEAENH AR L REERERNENHE
Mo FIATANENYAELG DERE S R EB R
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EBEREHEMRA HZRHOWUNRRUESNOERANES
BRABERRMABRFEYRENALE  FBAREFCEERERE
0 BT O M R B G R B o AR OIS (1993) R I 4B ME B B¢ + (BVB
No.4) 25% - ZBIJEKR L 25% @ BWiHIAR L S0% BT R E s —
HAE(TSS-01 ME) > REBEENF BN ZARERICEBEKSS
HY DO = BB EK (1996) LA & 45 K 22 13 4 B (SFMC) B & $F 5 K 22 41 #e B
(SOMOFREEFRARENINFENE  MRYBAE_ENEHEH
MENHANEE R HESREFERN - T - HE RHBEE
BRERE TR T E K 22 8 HE B (SFNC) i B 5 #1141 & 7 AR 5 % B &K
R-FEERQIOOMABAETE RN LHNERLBREBEREZI
—HIEREGHE  BARERMN 0.2% (w/ )4 ~ 0.3%(w/v)H K
K0.5% (w/v)IRERK K& - BEAK SSC-06 MNEAMEERD HE & ™K
RUMBRBENRR - BROAVHBF AR - I  WEE  £AK &
mAKEREERNEREREK FBN-SA BEY > SHMRBETHE
BE5 1% 5 AR B3R - Shiau & 1K (1999) 76 7 B J8 5% & (BVB No. 4)
FRERAD FBN-SA BEY - BHNLUERGBIMMEEEEHBEYE
B AR B BRARBTEC B - B0 B R IS (2000) BI S B AR I FBN-SA B &
VM LEEREREFEDHERE NI - %5 B8R B8 7 o
MRERIKEEHK TBC-03 NME - BT HAFEHMK 5 $IAEE
EFFWIRENEN  FEAHEHEGIHBII -

MR AT B I B R

Malek B2 Gartner (1975)%R & RE 351 5 o I8 A LU &I Meloidogyne
hapla> Pratylenchus penetrans 5 Trichodorus christiei S35 -
Tamura 82 Taketani (1977)F MR EHEHE TGS - FHERIRE
W (Plasmodiophora brassicae) WIS B EHEZBNERBHIE - Kato
RFE(DEEFHEMNB EHN T ARG EHEES BN L EEE
JA - Hoitink 1 Fahy (1986)fEHi FE{EWEE » B FHIFHEE RS
HEHEEYEEBRENEMN - Paulitz K (19860)EHRBRERES
¥R IN Trichoderm harzianum: T WA Pyehium spp. HEEW
f& & - Boehm er a/ (1993) Chen et a7/ (1988)%1 Mandelbaum & Haradar
(190 FEERBLMEYNBEFAESHIEHEFEYERERN X E%
#l o Hardy & Sivasithamparam R[5 (1991a) %R 3 & hn #] & &7 # @
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(Eucalyptus bark compost » CEB) & ¥ W] #I #l Phytophthora
cinnamoni * P. cryp[ogeaF P. drechsleri ;& P. nicotianae var.
nicotianae EXATFE > R EEE/N L INF B &L HE LA &40
B E - B4 » Hardy #1 Sivasithamparam K (1991b)E& B3 CEB
NESHNREBREHETCEBNGHBREENNR - B4l P drechsleris
MEFHPEAEMWHEE T - Boehm % A (1993) 5 58 45 108 B HE BB A9 3% 35
EEMEETNMEY  ERBHEE KEW Pseudomonas spp. * = LUE
MIIRE RN B LEREZERD - 4 > Boehm er al (1993)XBMAEY
HESRENESUEHIBNENITSNIE - BAER > WEYHE
HHEEEERENERAEY  (EBEEENAA -
FEHIANBENENIEERES _BEU LN EBRYEEEY - LG
MTEMEYNE NERSER  UTHEEFEEYFEEXERREEFYD
HERE - —HSe BRENBENECHFAENEREERBEBRED
HEeEHHERMYNEBEEMEHRM=8 - Bi — 5B N B (TSS-01 N E )
BIEBMERKE Fusarium oxysporum f. sp. lycopersica BJH Hl
ERANEBDSEHRKEWAKBE (Trichoderma sp. ) ME » BEEFM
ZERENEER FHFEZIE - &5 A2 HE IS (SEMC) #I#1 & it &
VR E (Pythium myriotylum)BI R > RN EBKRNBEAEY AT HE
NG P, myriotylm WETHWET  EMFEFEERZZRBERANE
= . S$SC-06 NEBEWHBEHEEIIMEEE (R solani AG-4H)RIFH - 1
MREEARTRNVBERDESIOHDIERRER  EEEHHHEL R
solani AG-4 MU ER « fh4f > TBC-03 BIRHEEN B EENENEE
NEYRBESBERENREE  FTRAWHBEEERIRR -

A

BEBEFERVEKRAA  BRUTRSBRRGLES > FAOMEER
HEEEBRENE  AIERERNRMER ERXEENTIIARA -
ERNERFHCHEYEFREERRAAEBELERTPEMEEN T
WMHOER L REEYREHENESIZTRMESENREET R
B EXXRBHNAREBEEYWHEBNHMEYRE DB RE N
B FETLUEIBEEDHFENDRN - AAEETHRRNER KT
FAEE WA ST HREBREYEFRSEAGYRERER  BHUYRXLZ
FOBRL TR - I - BARERFI AR E R ST RS TRARR I IIE -
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Development and Utilization of Plant Disease-Suppressive
Culture Medium

Hsin-Der Shih' and Jenn-Wen Huang?
'Department of Plant Pathology, Taiwan Agricultural Research Institute
*Department of Plant Pathology, National Chung Hsing University

ABSTRACT

Agricultural wastes such as spent forest mushroom compost, spent
golden mushroom compost and tree bark, were effective in inhibiting plant
pathogens and able to partially replace imported peat in container media used
for agronomic and horticultural crops. To develop plant disease-suppressive
culture medium, a series of studies including (1) screen agricultural wastes for
formulating container media to suppress important plant pathogens,
(2)evaluate effectiveness of each amended container medium, and
(3)investigate mechanisms involved in the suppression of individual pathogen
1n container media, were conducted. Two disease-suppressive container media,
SSC-06 and TBC-03 and a medium adjuvant, FBN-5A mixture have been
formulated by using agricultural wastes, tree bark and fertilizers for the
management of plant pathogens such as Rhizoctonia solani AG-4, F
oxysporum f. sp. lycopersici and Pythium aphanidermatum in Taiwan.
Experiments revealed that multiple effects of biotic factors such as increasing
populations of antagonistic and saprophytic microorganisms, changing plant
structure and effects of abiotic factors like increasing or lowering soil pH of

the culture media play an important role in reducing disease incidence.

Key words: Plant disease-Suppressive culture medium, agriculture wastes,
biocontrol.
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T EVE BT R RS B B it FH 4
THN HHE R
FTBO B 2 B A AR

W=

METEHBEAFYEEFTREEUR T BHEARNNHEE > HEE
HEEWLERIEHESR RAFYE S 658 28 08 8E
HEREHER ZHRXLERERREBREEITER - KBERIKE
EORERETCRERERY  EMERRET  REAZEHSERE
o EHERGRE  WERCEMKRERERINMES - ENEBRES
E O RUUEAFEHRIEHCEEREETKR  HABREHEXSNRLEZRE
B MERBATU I LREERIEHCER - BRAREERAAE
TER M GERACARSAENENEAREREN  BETSKEE
BA BREERHTAERERESBMELR  BEOETEARHE
LM BHREREHRERESZ  HABEBTEETERRE - BRXEY
EEFRERE MMEETSEERCALIGE  LRBLFEERBES
LEBBEDRKSEE FAEBEARRAKRBREEICEHREREHAER
FEBICESZ KRAEGERERENHLEZFELEIEE » RE
TREEEBE: (1) KIEN FEIWEZRERE > EREERIHF A
LB TER R _RREMARHCEBEES CEI BRI AR
BEA  AERFRRFNHEAKEYMEE BREFARRIEE  #EH
M EEALEEN - (2) BT kERESCRRE > RIEKS
BRBELGOBMAERELHIIMHES TR/ GHE > BEBR
WEREODEBEAERERE REEALHLEREABRE LB U EERR
MTMER > TREBESEX - BFIHIREER BEHEUSHBEEZGH
BERHE > BEAGERACEZEESN  HAHEAMIFERRKIE  DIFR
BCERMMBEZREA  -BEHARRE MNEFEHAEHREIERZ
EREHAERE BRARBEHRE ERHEBEXRZ AFMRECLEE -
HEIMEMNSEERELCHREHEROUTRE EEESGHOE
AEREIEHIGAEE  TH2H LENENRLERRT  REEY
MELEGEFEERIRE LN BAFERERECEEZ2EKE - &
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A E AT R R Sr e

R E AR EREARETHEEN  LEL B2 TF > GME
HE

== °

BB EmEE  FRERE -

Tl

B

EMEERNRANILIELEE T ELECEERELEERMHBE
REFEEOFEANGEEEEZRER BRATESKENER
MEVHNEENZIEASARBEENRAEERE  UREERSE
HFHEZERTURE THERE REEHEENZE(FHRE 1985) -
EHEEN T ELESEESE > TEAEFYNVEEHESE » FEERK
FE > BIAIEHNEER ZINERELERERELBHEEIER - BHELR
FEEFVEETRKEFEU R EHEREE > HI 2885 2T I35
RECEERE - KBAIAKSTEEYERET K ZK#HABER 40
REEYEERSRECEA BB ITIRERETEE  RERZ > MAR
Hi iz K (5= 1) (BE 5@ # 1986) »

x 1. BEFVEEFERI=E > B ppn

(ZZEZ & B B £

RAR} 10 10 25~35

R | 100 10 100

e 210 31 234
(BE3THE 1986)

KRR EE AT R R

— KIB TR
AEHEZEECRELARRBNE  AXRZARERE &
ERE BEABE REANATE  5EERBIESHERRS
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EHGEERTEE - KEEBEERECEARBEETRIKEE -
MAMEEHUE AR ERREASWERRE AR  BaEABE
EREF(RBBERERER 1979 ERS4EMBHRRKAZHBEE
FEZHMEME  AILSERBEROBEBEYRASER - SEBREED
REYRMERBORRES  $EEY REXBTHE > HLWE
HE> LHFEEMERPROMERZLH - ZRENBHEXE R
BHERAREFRATESLR - BAE—MOREL  HBLEERLIBEMT
Z-RWE  ZEFLOXER > HFERFREA LT FERLBL [
TR 7K 3 S 2 K B RIS B AR R - 4 BE R HA 2 G E FE R 4 BE R IR RE R
FEMRED  HAEER - BB —XREERERARSEN > #FRilEE8
Bl > MREGFERAMME(ERE 1987 FEE 1972 EYHEHE
FH 1996) -

KFEHRRNAE  BRETEURTIBERITERE  BHEEER
Bk HHAREEHREECRRBIRRME HHEENEEER
BREHRERELZLETFERES SEZHEMNERET - HPLIpsf
LHEBEEBERECHRREE B HFEEEEHEZKB (X
2)(fE¥HERE F M 1996) -

K2 /KB ERRH HEANELEEHHF-"ERHKEERE

CREH . - S
| mpamy  (EERmLm B EREEE
tem mrpme  FEEDIE gmm e owwm ERE

NI IS ¢ ORME  arinEiE ) om) S

kFE (FERE) PRIsER & 0~10 —HA 70~80 & 0~45  —H§ 60~70

—H#B 110~140 —HA 50~60 Z_HH 80~90
—H1100~120 & 11-30 —3f 60~70 &  46~90 —HH 50~60
1EER A 40~50 —HA 60~80
—HA 100~120 B 31~65 —HH 40~60 fi 91~150 —Hf 30~50
—HH 90~110 —HH 30~40 —HE 40~60
(FIFE) —HF 130~150 & 66~175 —HH 20~40 m KR 150 —f3 0~30
—HA100~120 ZH3 0~30 1 0~40

e KR 175 —Hf 0~30

—H§ 0~20

— FHEERERAESE

FHREHNHBRFEREEREE  EHNEHAUREEERL -
BREHMPCHRERBUENRRBER  EXECZ2EABLE - &
HBEMFERERAL DUEZEZREEAECARR (BHF 1) (E£#
ME 1994) - BAZ A5 E B8R # I8 2 B850 F 2 40 5 3% B3 8¢ °F 40
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LE2EH  RERWPBABEET  HEEZFEERACSEL B (EH
1)(Suzukiet al,1990) B R FEHUZRBER(MKZF 1973)
EREEERBEAR  BAAEREHESSRAZIEH - SERHE L
THRBEARERNZER  EUSEBEYBERERNERIT (B
) EEBHMRET RECZREBEREH  FUEREIREE =
WEl Bkl —CHERESE  MESHRERETRRA D HED
MRS L EEREKE - [hE S0 FQHE 0 FRABHLIR AR
Ba&E R 60 FREERMEHE BERACERBEA ZGMEEE
TEDTERESETARRE  BARSIER (R HMHRESF
1967 » ¥R 2 1981) °

110[‘

100} o- /K\A/i\f-’%

A OF Plot
2 IF Plot

Yield Index

S0 ¢

! ) 1 1 1 I

1926 1936 1946 1956 1966 _ 1976
~35 ~45 -B5  —p5 —75 82

1. VB LE B 2 ARE B FAE B 8
(ERIFIE : Suzuki et al.1990)

3. AEKEHEARESE TR

HESE 1959-1967 1978-1981
paLe % % ) G )
THE >1 14.0 6.7

1& 1-2 50.6 38.1
rpegs 2-3 26.9 33.1

=2 3-4 8.3 16.0
1HS >4 — _

BRI | MEEEE 1967 - 1521981
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BHARNE HRBE2EEREER  DEX2NEREEREME
HEXKBEBZES  BHZBENE S WIEARKE > KRBT EK
KEEXRABZENERHHBHERENCRFERE (EE 1998) -
WERHAEAEZSES M SEREZERFH  T4HEESE5E20
SHEAEREER  BRHEERERL LB ABTSEEREES
HEAZAR -EBNEFERRBESTY  MFERHBITE 1994 £
HEASECHETEHERNE  RNAZHERS  HABLETEAS
APRHR - EHFERERNBEZTHENMET 1998 HERMEERKHED
HMMEBBAKEERREERACTIEERENLE  HE : BET - S48
FEERE 5.3:2.3: 1.3 - HHEBESAES 4,000 AF 0 1/2 EHE
A AR 10 KA TUBRRERE  REFHEEREREL S
BEHAREREARE  TUHEBEREKBYHEARNECESET
o l/4 MEBER > HEKXKBEELARYPBMESZRIK > 1/4 B
EER - —RETZKBRE  BEIERSBEERGS 0.2 20K &
REE HEREENEERHEETHEAER TEBREEBEKS
Rt —HEMNSBERATHG 8~10 X > ZHEHIEHARSER L]
¥ 6~ RMEHERHEE - FHMENNERRNNBRERBERERH -
DRAZHNAERHE  FEENEAZHE  AFRBALRENRESR -

ikl EYIR B BT R A B E IER i R

HRITEAEERRFYEREKES LREEEFNER > HEHE
EEFEVHLE®R  BXEWDEE-EWEERE > HH®E: (1)
REEE BRFVEBECETIANERKARERES  EFRAEZ
AEE AEHEURMAANENEHEBESCEREESNEMEY (B
D (DEWE GREVEREEEY  RHUHEACHER  BXEYYH
ARZCBRRUBBEASE QO HEEERES FYRAEEERE
BREAHEHIZEERZ BEERESARBRESRKGE MR- (HEH
TERELEZCERES BERXFYEERAMEBEFY M L ER
HHE N ANBRER I L ESESRE - ARE - A6 L%
ZRARMEAMEBEAESE -
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6.0 9l0 - 126 150
SRR

B 2. B - AKEEREKE MR ERRME

L. AN [A) R 2B i 2R Y R B A 1
METEBEERRACEBRESREE N  S2BREM AR

B EG KeREEHER B #HEMERERRTZIED

MESENEERGSE - B 3HETRAESLEETHEESIRKER

HEEANEME - KRBEOE TIEE:

(MVEFERX EXEFRE I LI (ER) R2HKETRREZE
o ABHE BERBERINRKTKEZEETR  RTVHE
Rl BORKEY  BEIRENERRRRESEZERER
ko ENCHEERRE (LEEAFE  DREREETER) K
WEHYHERKME IR ARKERB IR -

(DB FEERAEREZE FEERRHNERPRIRMC AR > Fity
FPHEEFECEBRERTEEBENESRY  NUHEEEELET
Yl - FHZEREHNERAREE R  REG LS ZBH - HRIKL
RERMBVPAR > HEBREIERINBERRAR  BERERRLZ

C REERRELREMUER - :

GHRFE(EBITEFEX RXE (22E) BXERMAERE —BF
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HRE IR AR & =T

MAEESRERREBAERABET  FHEEET - BHOESH®
MAHEERR  WHABEEEMEEREEEUHER B - R
R SEBRRANZEREER  NEAERIWE  WEZEER
EAEA > DIBEBERIIE -
THESERRCEHERNER T ERBREZGREKERM
FYRRBFMPCHETE  ARNBE4 BT EXEEEHE
HCENEEREE  SEZRAELKRY  BKEEFTHIBEE -
MEAEBCHEAERS BHEEAERS > AoMRBH®ES
MEEGRANNAERCWE  EHNEERERD - L4 SER
REBRECHARE MNEOHEERBEERERER  F#8E
fFHBEMED 10 £ 20 AW /ANEES  EXRBERGEHEEHRER
MeEl NRAEEFEIES  —F2HhERZERES -

REH

o -~
B BRERLEH L
=y
[ .
e /
B
e
o

£F a9

B3 THEBHGAREFHHZEERZEZERKE

2. HRARE T ENEE

R IFMEBHE  LHEEREBRXRLEBTHER  EZEFEY
B1S~30 K > 2RFHEFR 3045 RAE  IMBEER—F 2P HREBH
FREREMELAFEYS  EREFEHS  —F2PEEHERE
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BB TR FE R R i & T

ﬁﬁﬂ%Zﬁtﬁﬁ&{t&HEﬂEiyﬁéﬁi{ﬂz{’ﬁ% R ARE R LB E +
WaomERBEREEEL RS EY EEDBE(FHREE 1994
FEF 1998 EEEME 2000) %% 1999 FEEERET 147 &
RAREBERZHEERN HAEEREELICTESRERET KRG
FEREE T EERRC pH DEERSF 9 300A 60 8BE 7.0(F

) EHRESEHLREBERE SR 39 HEFEREE 84%(E 5) ECfE (+
KEER 1S CHIME)KRK 1.0ms/cm ZHEZRBEE 31%(3 6) » B EC A
(KL 1:5S)Z BIMEREL 6~7T EAGHE - B H W 2 EC 8 (B
BE 1995)  EI EC{E(1:5)Ims/cm *EE’WS@@%D?& EC {B Tms/cm 7

HFooHRBREAFUBEHEMCEREYAWEE - EC(1:5 KM Ims/cm >
ELEE% %f’% EMAERCEE lﬁtﬁ;ﬁﬁﬁﬂ’i BRARERLER
BHCEY AHBAEECERBENSN - RAKEHRERR

H - ﬁ%%% FHTEUE(ER T EER 10) - BRLESFRBETHE
REZEERENE RBUEFSEHE I CHAEBERTRECHEEHE
pHEMBBEZE ZIEHM(E 4) EEEENE  HIbFREREREZ pH
HARMRYE  BASEASEIRBAEE RSN ECEE 1) k&
RERERE NIEPSELEIIERTRE LEBERENRE
HAaXKE&EH TEEHD KNEESZREENMRE -

& 4. 147 R ZRHRAREZR L pH Z i (kR > 1999)

PH eS| g2 ZRELEER
(1:1) HH % %
<45 4 2.7 100
<5.0~4.5 16 10.9 97.3
<5.5~5.0 16 10.9 86.4
<6.0~5.5 23 157 75.5
<6.5~6.0 27 18.4 59.9
<7.0~6.5 18 12.3 41.5
<7.5~7.0 41 27.9 29.3
=7.5 2 1.4 1.4

e 147 100 100
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#5147 J&%ﬁiﬁ?ﬁﬁlﬁiﬁ WES

B2 (BRI » 1999)

ey FE R gEE
T CE % - K’
20 0 0 100
B.02.0 3 15.7 100
4030 99 67.3 43
<5.044.0 20 13.6 170
<6.0~5.0 2 1.4 | 3.4
56.0 | 3 2.0 | 2.0
GE 147 100 100

6. 147 minZRinocZR - BC o fii (kR - 1999)

EC(1:5) iz B pptest BRELLE
ms/cm =] % %
<0.5 49 33.3 100
<1~0.5 52 35.4 66.6
<1.5~1 20 13.6 31.2

<2.0~1.5 13 8.8 17.6
<2.5~2 8 5.4 8.8
<3.0~2.5 3 2.0 3.4
>3.0 2 1.4 1.4
EE 147 100 100

52



ARE LR E RIS e T

&1 147 RHZGRFER TG WS E (W > 1999)

A E S K FRELLE
(mg/kg) #HH % %
<100 3 2.0 100
<200~100 12 8.2 98.0
<300~200 67 45.6 89.8
<400~300 60 40.8 44.2
> 400 5 3.4 3.4
&t 147 100 100
£ 8. 147 REARRERTR ST R 2 (BKETT 0 1999)
T EE Po% RRILE
(mg/kg) HH % %
<200 2 1.4 100
<500~200 - 36 24.5 98.6
<1000~500 42 28.6 73.2
<1500~1000 40 27.2 44.6
<2000~1500 17 11.6 17.4
<2500~2000 3 2.0 6.8
<3000~2500 3 2.0 4.8
=3000 4 2.7 2.7
=5 147 100 100
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9. 147 BERZEESE T HMEE54 8 (FErT > 1999)

RS Ty R s BIELER
(cmol/kg) #H % %
<10 31 21.1 100
<20~10 39 26.5 78.9
<30~20 43 29.3 52.4
<40~30 30 20.4 23.1
> 40 4 2.7 2.7
&% 147 100 100
10, 147 RHZRREFR T 3THMEEEE & (BRETT 0 1999)
RS R BRoRE o FIELLE
(cmol/kg) S| % %
<3.0 23 15.7 100
<6.0~3.0 50 | 34.0 84.3
<9.0~6.0 54 36.7 50.3
<12.0~9.0 19 12.9 13.6
>12.0 1 0.7 0.7
Gt 147 100 100
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60

v = 0.1624x + 5.4723x - 19.453

2_ * ¥
ol R =0353 ¥ % R

0

30

20

Z M54 F(cnol/kg)

10 - -

pH
4, 147 BEHRZEE L pH BTN SE 2 AE (PKETT » 1999)

11 ETEAEEL o - BC BIHEIEES B (MK » 1999)

pH EC(1:5) Exch.Ca

Item ‘ (1+1) (ms/cm) (cmol/kg)
range 5.18 0.63 27.7
~5.56 ~2.42 ~42.9
mean 5.41" 1.18 33.9

* T R R E T

T S E AR e B E 4
EENGEEY S ERESE  REBhEEREZKSE
B L H)EEREESCABARKS SR HILHERBRK
REREEI S EFREENERAFEENCZE  HEARKHA A%
BRI EZE+|MIEE  ABSBWEBE:
(1) EIES - BEXWECELEE  ERBERNFTZBEE TER
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BB NTRHE F Bl & B T

—REZRKEHBEN S SHEE S 2 800 555 mE
MEENE LRI HE AR BN RIEEE S
BELARFNEAREYEDT  BRBEHAERIEHET  EE B
& 5 Ak 2 R
(2) BEEENEERESCEZE AaMAaasSe s 540 mW
WEBAEHIMEMES  FTEHORIEHE BRBESES
BEAKERE AERESBELCEE  RREEERELEER
= . ,
HRAREHBEREENZ A% —BRUEBSEESER > Kd
EZIERIHE R - (B AR LA SEIR  EFEOT
LER EMEENRTREMBNET > EXERITEG - 52
BME (A 3) NEERRERSRZEET LG — & 05 L5
H LU AR sty D TR > R R T AR - B
THBEEAENRE (BF 4)- 34 SBREEEINEERR
TR REETRF  ARBIEHBA - T% > MERE AT JE
SE S-S KBREETERKNBESE -
2B ERERASHGEEAENNE AL R HAESEE B4 S
HMEZNEE TFH FEXESEZSERER FHEESIEMES
W BN AEREEEREREYEENAERETRE  — 8
REUENE TR EZE T - FEMEBE 2R 4R 10cn &£ 4 - W R AW
MW RTEER EEEEA T R PR T EEGREE -

R ERRRE AR E IR RE

— R CEREFRE®

AEBZFAEEY  BERNERNERMAEGBR L ETRIK
REZERTR  —REBMBIECEEFZLLERS > FRERHTF
EHBREZIER(ERKE 1986) - HE +BERBSBRERFTRIEER
PEREREVESNRASE F£4 - SRR L EASNERBERREER+
BUHHBEEEERN MR AH > BEEAEZEELE(E 12)CGEHRE
1993 - SR EFE 2000 RZEE 1993 254 20000 ZEE 1996
HEESE 1994 EEEE 1994 HEMAEAZE 1991) -
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® 12, TEBEREER L ZETFHEANE

pH oM BHMEES (mg/kg)

el W=
(1:1) % P K Ca Mg

7 4.6 2.9 265 294 588 102 TEAEER- 1993 (1)
I 6.2 1.90 219 142 1936 191 SRS 2000 QEIS)
MumPammaHt® 5.2 3.30 186 207 1484 158 ESEEEE 1993 (QEEAS)
ok 5.2 2.20 278 273 1012 146 EEZEE- 2000 (Q0EYS)
pa=) 4.4 1.20 15 180 158 65 #4EE 1996 (1B%)
A 4.0 4.00 305 168 215 31 199 (1K)
FNER 5.9 2.48 51 380 1200 282 MAEEEREE 1994 (15R)
EZ 5.5 1.93 132 135 1107 207 #1991 (3 EaeE)

FERRENELCERNSE Mk SRE - LHEDTEEEESR
M mE  EHRERBEKAINERAR L EEER SITERKHEE K
JEEMEFE (ZEME 2000) - LKA E 0L T 89 AL & = 61
B-MEB-FEHFEAF00L T » BEEF3000 % » &EMLFO00A T - #
EREBEEEMENMERRELINA BHMBRAIKL.TAT MEASHF0.75
S e BELGIESHR3.TSA KA (GRBUE 1993) -

RECHWIEGEUMHERO > HAENEERFEEEERRER (&
fB) - EREHRMR(EL)  REBRE(ER)  DIHHEEAEN11~12
A 2~-3HK6~TH > W MNENRZI2-1H » 3~4H XT~83 - KESE
EREZAR BERKZFFINWALSEEEZRMERER > X
REEHRER ERREAEEVUVHBAEEUEMEERE K
B WEBN S MEREFERRE  E2FTHERRAZE  BX
WMAVEE > AR EPBIRK > FEBEREL > EBERH %
Z HERtER BRI E WHEEEEEKR2E  SEREMNERE
RS FPEURBRANIERERBERRS - FIEERERERE X N 5 E K
HIESEERSE (RI3)RBE 1993) -
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£ 13, (HRBURE Y MRS R A R

58 IERBI B R (%)
s M HE L L m
(%gf?ﬂg?ﬁ) 11~i2ﬁ 12 34~1 H 40 50 2% 100 30
(E*fﬁﬁé’ggﬁ?ﬁ) 2~3 H 3~4 H 40 5080 30 :
(%éﬂﬂﬂﬁ,ﬁﬁ) 6~7 H 7~8 A 20 0 40 .‘
= B R 4

EYEEFMbHEECRREBIE A% SEYEHEHRHE®RYE
IR HEREREMREERAZAVEZ A A ZERK
e MRKZEEEERE AIEEE% EZFNRBEMEIERT - EH
HERMERE- HEBERPESHERABA (R HaRTEERE -
EEHEERERCRKREREREEZYE  LEREYHEES -
GREERZSZECHER  BREEBAEERE - BRE2HEYBELEZNR L8
FSiTRKhge 8l » HERREEHEYCEREBEYIZHRR
ER T EREEOES  BULEERIACEERERAZERE  EMEZEEDK
TESLCRBEERE BEWLTEAFTREYRAZCERE - RiFi L
BEREEBEESMGTLUREERIL MRS ZEE (Cytokinin) W
& - Dyer and Brown 1983F T EMB B K EMAF LR T 2K -
HETFrCOHtEREERERELAEEEERDR -

+® 4. XERBEREIEEERAE - FR 5%

S R
FieitEE -
MR (TR Tt PR R KE A 1%
A7 35 ATELE EANIEE S RS HRAE
EE . 2030 8T FERASETERT BHERTE
FIEEZE 20~40 AT (IR ety Fiab
B 5~10 & FREBL TR B

BRI ARG M EMEBEIREDZ (FYIEAE T - 1996
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LHERERENSIRZ  TESE > —KRERBETHAERE
PEREZENSESRAZERE SHFERAALIEERFEE - £
PEETHANEEITE  SERANGE > EEERZH &
BEHERR - SUELERL  EHLTHEARELBURERERRE
TER - HREREREBEIISERHNEFETEF LR ZF A /N
BZEL# ETHIZEREASSS RO CEBREE > BEHNKBZ
BEEESRABE  LHAFEBRIEMREE 2B #MERE
fEHE R ZEH L F > KRB/ ZEI R TSRS REEBN (B
5) WIMAEIERAFMFER  REEERR - SARBER - &7
EESLE -

REBMACERBERNHEELSBMEECARERE  BESHE
A ZIEE > RAEASSFERRKRCERE > DAREZERKLELZ
A - EHARRE WEFGHERAEREENIERBERAEE  #
RARBEMRE  ERHEBAZ  AHNREZEE (BFA6)-

M  FR

CESMENRES  BNKE EREKEZFEROER B
BEINLEE ZENCEEHEEPEERE BENTRAETRELEH 2B
AR ERAE (EEE 1995 LB RAAHE 1998) HERIH
ENEEARENHY R EEKMIE ARBE(ZERM 1999 TEM K
MRERE 1999 ) EHESEWEAEBELCHLAEE - BRH L #
WEBEERE - "TEHNLE2E REEENRE > FANZEHR
WESTEETIERE  THAANZLBE I RERE HE > &
MAACESDHT HEAZLERSNE TVELCERERERNES S
B FHLURPEHRLIENWESRRERRE  REFVARESERER
oot BAREECEEZ2HKRE ARREANRPER
MAXEFREREN  LELTEZ2EHIFE ANEE -  CTH2EHES
TREBEESRERRIE  FTERBUREZHBRSBETEZITE  LERERE
mmBMEERSGITHEBRELABECEETR  EERGEEEHERMK
< B R FTAE -
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Effect of Hog Dung Compost on the Growth and Nitrogen

Composition of Cabbage
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ABSTRACT

The experiment was carried out in the Agricultural Research Farm of the National Taiwan
University during the winter of 1997. There were four kinds of treatments in total
including a conventional chemical fertilizer control and three rates (30, 60 and 120 Mg ha-l)
of compost-treated plots. The cabbage (Brassica oleracea L. Capitata Group, cultivar early
spring) was harvested after 94 days of transplanting. After being washed, the plants were
divided into the root, the wrapper leaf petioles, the wrapper leaf blades, and the head (the
marketable portion). The dry weight and the concentrations of the total nitrogen (N),
phosphorus (P), potassium (K), nitrate N (NOB-N), ammonium N (NH4-N) and insoluble N
in various parts of the plants were determined. The results showed that there were no
significant differences in the growth of various treatments. However, the productivity of
the head of 120 Mg ha' compost- and chemical fertilizer-treated plots were higher than

those of the 30 Mg ha' and 60 Mg ha’ compost-treated plots. The total N and K

concentrations of various parts of the plants were not significantly different for the
treatments. However, the P concentrations in the chemical fertilizer-treated plants were

lower and those in compost-treated plants increased with increasing the compost rate. The
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NOB-N concentrations in the Whole plant, the wrapper leaf blades, and the head of the
chemical fertilizer-treated plants were the lowest among all treatments and there were no
significant differences in the NOB—N concentrations of the head among the compost treated-
plots. There were no significant differences in the concentrations of NH4—N, soluble
organic N, and insoluble N in various parts of the plants among the treatments. In
conclusion, even though with the application of 120 Mg ha' of compost, there was no
disadvantageous effect on the growth of cabbage, on the other hand, a good yield was
obtained.

Key words: Cabbage, mamure, N uptake, P uptake, K uptake, N composition.

Introduction

Nitrogen is a principal constituent of plants and accounts for at least one-half of the
total number of ions absorbed. However, as the level of N supplied to a plant exceeds that
normally needed to sustain growth, the growth is affected and the soluble form of N, such
as NOB-N, soluble organic compounds, begin to accumulate in the tissues (Mills and Jones,
1979). Nitrogen supply is the most important nutritional controlling factor that affects the
NOJ-N levels in plants (Goh and Haynes,1986). Although NOB—N is essential to life, it is a
nuisance and possibly a hazard in the wrong place or at the wrong time (Addiscott et al.,
1991). The accumulation of NOB-N in plants, to a certain extent, is a natural and necessary
process. Since vegetables provide a major portion of our dietary intake of NOB-N, it is
important that its concentration should be maintained at a level as low as possible.

Organic matter affects crop growth and yield either directly by supplying nutrients, or
indirectly by modifying soil physical properties that can improve the root environment and

stimulate plant growth (Avnimelech, 1986). Crop production based on the use of organic

66



AR E IR AR g H T

manures rather than agricultural chemicals is assumed to be a more sustainable type of
agriculture, and produces nutritious food. Therefore, organic farming has received great
attention from environmentalists, agriculturists and consumers in recent years. Application
of animal manure to agricultural lands has also been increasing steadily in recent years. An
abundant source of organic matter in Taiwan is animal manure (particularly hog dung
manure) from intensive animal husbandry facilities. Therefore, more information is needed
on the application rate and the effect of organic matter on crop production. Furthermore,
little information is available regarding the effect of fertilization on the N composition of
cabbage.

The purpose of this study is to assess the effect of high application rates of hog dung
compost on the growth, accumulation of N, P, and K and N composition of cabbage in a

field experiment.

MATERIALS AND METHODS

Experimental Design and Cultivation of Cabbage

The experiment was conducted in the Agricultural Research Farm of the National
Taiwan University during the winter of 1997. The soil was loamy in texture (sand, 315 g
kg'; silt, 509 g kg clay, 176 g kg ), a pH of 4.2 in water (1:1 w/w soil: water ratio), an
organic carbon content (Walkley and Black method, Nelson and Sommer, 1982) of 12.1 g
kg_], a total N of 2.16 g_kg-], and Bray No. 1 extractable P of 15 g kg-l. A randomized
complete block design consisting of three rates of hog dung compost and a conventional
chemical fertilizer was used. The pH of the compost was 7.2 in water (1:5 w/w compost
water ratio), electric conductivity of 7.1 dS m’ in water (1:5 w/w compost water ratio),

Total carbon of 378 g kg, total N of 24.1 g kg, total P of 4.5 gkg', total K of 16.9 g kg,
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total calcium of 26.1 g kg, total magnesium of 4.5 g kg, total iron of 10.4 g kg, total

aluminum of 3.7 g kg, total manganese of 1170 g kg, total copper of 240 mg kg, total
zinc of 430 mg kg-],NH4—N of 1.8 g kg, insoluble N of 8.6 g kg, and trace amount of
NO}—N was also detected. The experiment was conducted with four replications. The size

of each plot was 6.5 x 6.0 m’. The three application rates of hog dung compost were 30, 60,
and 120 Mg ha' (32% moisture). These rates are equal to the N rates of 492, 984, and 1968
kg ha'] , respectively; the P rates of 92, 184, and 368 kg ha'l, respectively; the K rates of
345, 690: and 1380 kg ha-l, respectively; uﬁon adjusting for the moisture, N, P, and K from

each treatment. The chemical fertilizer application rate of the control was 147-72-126 (N-
PO-KO)kg ha . The chemical fertilizers applied were in the form of ammonium sulfate,

superphosphate, and potassium chloride for N, P, and K, respectively. The organic manure
was manually applied on the soil surface and basal dressing of chemical fertilizers were
placed in row by hand and mixed immediately with soil by a hoe one day prior to
transplanting.

Cabbage (Brassica oleracea L. Capitata Group, cultivar early spring) used for this
study was transplanted on November 7, 1997 with a 0.50-m row spacing and a 0.60-m
plant spacing. In chemical fertilizer-treated plots, 63 kg N ha'l, all P and all K were used as
basal dressing and 42 kg N ha' was side-dressed for each of another two by hand on the
soil surface after 22 and 42 days of planting. Appropriate pesticides were applied after 23
and 39 days, respectively, of planting for controlled insects. Weed was removed by hand.
Plant Sampling and Analysis

Three whole plant samples per plot were collected randomly from all plots after 94

days of transplanting. The plant sample was washed, then separated into the head, the
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wrapper leaf blades, the wrapper leaf petioles (including the lower stem and midrib), and
the root, respectively. The washed plant material was oven dried at 65°C to a constant.
weight, weighed, and then ground to pass through a 40 mesh screen. Total N, P, and K
were determined after digestion of the plant material with a mixture of salicylic acid, and
sulfuric acid plus sodium thiosulfate to include nitrate and nitrite. (Bremner and Mulvaney,
1982). Nitrate N (including nitrite-N) and NH -N were extracted with 1.0 N hydrochloric
acid (HCI) solution (Blacquiere et al.,1987) and was reduced by zinc powder (Broaddus et
al., 1965) and then determined the reduced nitrite by Ilovsay-Griess method ( Keeney and
Nelson, 1982a). Ammonium N was determined by steam distillation of the extract with
magnesium oxide and collected in boric acid (Keeney and Nelson, 1982b). The N in the
residue after 1.0 N HCI extraction was determined by the Kjeldahl method. Then, the
soluble organic N was calculated by substrating NO}-N, NH,-N and insoluble residue N
from total N.

Potassium was determined using flame photometer. Phosphorus was measured

colorimetrically by Murphy and Riley method (Murphy and Riley, 1962).

RESULTS AND DISCUSSION

Gréwth and Dry Matter Distribution

‘There was no significant difference in the total dry weight between treatments, but the
higher rate of compost that has been received by the plants tended to produce more dry
matter (Table 1). Treated with 30 and 60 Mg ha' of compost the yields of heads were lower
than those treated with 120 Mg ha' of compost and chemical fertilizer, but not significant
in statistics. The dry weight of the wrapper leaf blades, which were generally green and

hence the main site of photosynthesis, was greater in compost-treated plants, so were the
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wrapper leaf petioles, which were associated with the former. The greater growth of 120
Mg ha' compost-treated plants was attributable to more available N with the higher
application rate of compost. Even though the N applied with 120 Mg ha' compost rate was

almost equal to 2,000 kg ha_l, the growth of the plant did not seem to be suffering from the

disadvantageous effect caused by the high rate of compost. Therefore the whole N in the
compost was not mineralized and available to the plants during the growth of the cabbage.
The distribution of dry matter in various plant parts was according to the following order:
The head > the wrapper leaf blades > the wrapper leaf petioles > the root.
Accumulation of N, P and K

The total N coqcentrations of the different plant parts in various treatments were not
significantly differeilt except that of wrapper leaf blades. The wrapper leaf petioles and
wrapper leaf blades almost had the same concentration of N, and they were higher than
those in the heads and the roots. The N concentration of the root was the lowest, compared
with the other plant parts (Table 2). The considerable higher concentration of total N in the
wrapper leaf petioles was different from that observed in other plants, where the total N in
the petioles was lower than that of the other plant parts (Kirkby and Mengel, 1967; Osaki
et al., 1995; Peck et al., 1971). This result might be due to the fact that the wrapper leaf
petioles were the important storage organs of cabbage for N compounds. The amount of N
accumulation of compost-treated plants increased with raising the compost rate, although
there was no significant difference among treatments ( table 1). On the other hand, the
amount of N accumulation in the control plant was the same as that in the 30 Mg ha'
éompost—treated plants.. Only a small fraction of N in the compost was absorbed by the
cabbage, assuming that all the N accumulated in fhe cabbage was from the compost. The N

partitioning in various organs followed the same trends as observed with the dry matter

70



R AT E A TR T

partitioning.

Although it was not significantly different in every instance, plants receiving higher
rate of compost tended to have higher P concentration. The P concentration of the chemical
fertilizer-treated plants was the lowest (Table 3). Among various parts, the P concentration
in the wrapper leaf petioles was the highest and that in the wrapper leaf blades was the
lowest. This situation does not agree with the general occurrence for the plants, in which,
the reverse is true. From the fact that the dry matter yield of chemical fertilizer-treated
plants was the same as that of the 60 Mg ha' compost-treated plants, a luxury consumption
of P in the compost-treated plants can be existed. This result is attributed to the large
amount of available P was associated with the compost.

The plants treated with compost had a greater P accumulation than that of chemical
fertilizer treated plants. Phosphorus partitioning in various parts of the plants followed a
similar pattern to that of dry matter partitioning vexcept a lower proportion of P was
observed in the wrapper leaf blades. The accumulation of P in compost-treated plants was
increased by raising the compost rate. Only a little amount of applied P accamulated in the
cabbage, assuming that all P accumulated by the plants was from the fertilizer.

The concentration and accumulation of K in plants of various treatments did not differ
significantly, however, there was a tendency that accumulation of K increased with raising
the compost rate (Table 4). The concentration of K in the wrapper leaf petioles was the
highest and that in the root was the lowest among various plant parts. There were almost
the same concentration of K in the wrapper leaf blades and the heads. The much higher
concentration of K in the petioles than those in the other organs was- generally observed in
the higher plants (Geraldson and Tyler, 1990; Hue et al., 1978; Jones, 1970; Kirkby and

Mengel, 1967). Most of the K accumulated was distributed in the head, followed by the
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wrapper leaf petioles and lowest in the root. This was different from those of N and P,
probably due to the higher concentration of K in the wrapper leaf petioles than that in the
other parts of the plant. Only a little amount of applied K was accumulated by the cabbage,
assuming that all K accumulated by the plants was from the fertilizer.

Nitrogen Composition

Nitrate N

The concentration of NO}—N in the shoot of the compost-treated plants was
significantly higher than that of the chemi;:al fertilizer—treated plants, but there were no
significant differences among the compost-treated ones. Cabbage is a relatively NO-N
loving plant (Huffaker and Rains, 1978; Maynard et al., 1976; Mills and Jones, 1979),
therefore high concentration of NO}-N was accumulated in its tissues. Table 5 shows that,
in average, about one-tenth of total N was in the form of NO_-N. High NO3-N/total N ratio
also existed in other NO3-N loving plants (Chung et al., 1999, Vieira et al., 1998). No
consistent rélationship existed between application rate of compost and NQ3-N
concentrations in various parts of plants. The concentration NO3-N in the wrapper leaf
blades was increased with increasing the application rate of compost‘, but this situation did
not occur in the roots, the head, and the wrapper leaf petioles. The higher NO3-N
concentrations in the compost-treated plants than in the chemical fertilizer-treated plants
were due to the large amount of N which was with the applied compost. The NO3-N
concentration in the wrapper leaf petioles was the highest among various plant parts,
although not all N was available in the compost. The NO}—N concentration in wrapper leaf
blades was about one-third of that in the wrapper leaf petioles. However, the NO-N
concentration in wrapper leaf blades was much higher than that in the head. Similar results

were reported in the other plants (Barker et al., 1971; Homenauth et al., 1986; Maynard and
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Barker, 1972; Mills et al., 1976a, 1976b; Minotti et al., 1989; Olday et al., 1976a, 1976b;
Peck et al., 1971). Rubeiz et al.(1993) showed that the NOa—N concentration of the midrib
of the cabbage was 2.7-7.2 g kg"' under different fertilizer treatments. The NO}—N/ total N
ratio was similar in the root and the wrapper leaf blades. In the head, the NO}-N/ total N
ratio was low. This result indicates that only small amount of N in the head was in the form
of NO}—N. However, some of the NO}—N translocated into the head was probably due to
excess amount of NO -N accumulation.

Ammonium N

Plant can absorb NH4—N and metabolize it quickly (Reisenauer, 1978; Marschner,
1995). Ammonium N absorbed by the roots will be transformed into glutamine in the roots
by glutamine syﬁthetase, and then transformed into amino acids or amides (Miflin and Lea,
1976; Givan, 1979). Small amounts of NH4-N may be transported to shoots, and then
metabolized (Givan, 1979). When plant organs are senescent, proteins degrade and
produce amides;'amino acids and NH4-N (Givan, 1979; Vierstra; 1993). In general, the
concentration of NH4-N in the plant tissues are rather low because the high concentration
of NH4—N induces ammonium toxicity, resulting in chlorosis of leaves, restricted growth,
and even death in some cases (Barker et al., 1966; Bennet et al., 1964; Mills and Jones,
1979; Puritch and Barker, 1967, Wallace and Ashcroft, 1966; Wander and Sites, 1956;
Weir et al., 1972). The concentration of NH -N in the whole plant of various treatments
was low and there was no significant difference among treatments except the 30 Mg ha'
treated-plants, which was significantly lower (Table 5). The NH4-N/ total N ratios in
various parts of cabbage were low. There was no consistent -relationship between

treatments and NH4-N concentrations in various parts of plants. The NH4-N concentration

in the roots was the lowest among different plant parts, which can be explained by
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considering the fact that most of NO}-N reduction did not take place in the root. The higher
concentration of NH4—N in the head than the roots can not be explained correctly, however,
it can be the product of protein degradation.

Soluble Organic N

Soluble organic N contains amino acids, amides, small peptides, and other small
molecular N containing-compounds. A high concentration of soluble organic N in plant
organs is probably due to excess N nutrition, especially under the excess nutrition of
ammonium (Allen and Smith, 1986; Harada et al., 1968). However, the soluble organic N
concentration also depends on, the changes in the physiological status of plant, such as
initiation of flower increases its concentration (Kafkafi and Ganmove-Neumann, 1997
Sagee and Lovatt, 1991). There were few differences in soluble organic N concentration in
various parts of plants from the different treatments (Table 5). The concentration of soluble
organic N in the head was the highest of all plant parts and that in the roots was the lowest.
More than half of total N in the head was in the soluble organic N form suggested that
soluble organic N accumulated in the head and this might be one of the causes of its
sweetness. However, there was considerably high amount of soluble organic N in the other
parts of plants (about one-third of total N).

Insoluble N

Insoluble N in plant organs is large molecule containing compounds, including
proteins, nucleic acids, etc. (Barker et al., 1966). There were no significant differences in
insoluble N concentrations in various parts of plants due to the different treatments except
in the wrapper leaf blade (Table 5). Among different plant parts, insoluble N
concentrations in the wrapper leaf blades was the highest. Most of the metabolism occurred

in the wrapper leaf blades, and hence there were more proteins, nucleic acids etc. than in
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other plant parts. The insoluble N/ total N ratio of wrapper leaf blades was higher than that

of the other plant parts.
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Table 1. Effect of application rate of hog dung compost on the dry weight yield of cabbage.
Treatment Root Wrapper leaf ~ Wrapper leaf  Head The

petiole blade whole plant

kg ha'

30Mgha '  162a* (5)# 436ab(12) S571a(16) 2418a(67) 3587 a(100)
60 Mgha' — 202a(5) 509ab(13) 786a(21) 2312a(61) 3809 a (100)
120Mgha' 149a(4) 558a(l4) 720a(18) 2682a(65) 4109 a(100)
Control 182a(5) 373b(10)  542a(15) 2616a(70) 3713 a(100)

* Averages followed by the same letters in each column are not significantly different
by Duncan’s Multiple Range Test (p = 0.05).
# The number in parenthesis is the partition ratio in percentage.

Table 2. Effect of application rate of hog dung compost on the concentration and
accumulation of total N in cabbage.

Treatment Root  Wrapper leaf Wrapper leaf Head The
petiole blade whole plant

Concentration, g kg

30 Mg ha' 173a* 374a 38.7 ab 334a 339a

60 Mg ha' 19.1a 404 a 373D 33.7a 344 a

120 Mg ha' 189 a 390a 409 a 332a 347a

Control 18.0a 36.7a 37.7b 329 a 334a

Accumulation, kg ha’

30 Mg ha' 2.7a(2)# 16.3ab(13) 22.1a(18) 80.5a(66) 121.6a(100)

60 Mg ha' 3.8a(3) 20.6ab(16) 29.1a(22) 769a(59) 130.4a(100)

120 Mg ha" 2.8a(2) 21.7a(15) 294a(21) 885a(62) 142.4a(100)

Control 33a(3) 139b(1) 209a(17) 85.6a(69) 124.0a(100)

* Averages followed by the same letters in each column are not significantly different by
Duncan’s Multiple Range Test (p = 0.05).

# The number in parenthesis is partition ratio in percentage.
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Table 3. Effect of application rate of hog dung compost on the P concentration and

accumulation of P in cabbage.

Treatment Root Wrapper leaf  Wrapper leaf  Head The
petiole blade whole plant

Concentration, g kg v

30 Mg ha' 42b* 4.6b 3.6b 442 43b

60 Mg ha' 47b  5.1b 340 48a 45 ab

120Mgha'  55a 5.7a 42a 472 48a

Control 22¢ 33¢ 2.6¢c 3.7b 34c

Accumulation, kg ha”
30 Mg ha'  0.7ab (5)2.0bc(13) 2.0ab(13) 10.7b(69# 15:4bc(100)
60 Mg ha' 09a (5) 2.6ab(15) 2.7ab(l6) 10.8b(64) 17.0ab(100)
120 Mg ha' 0.8 a(4) 3.2a(l6) 3.0a(15) 126a(64) 19.6a(100)
Control 04b(3) 1.3d(10) 1.4 b (11) 9.6 b (76) 12.7 ¢ (100)
* Averages followed by the same letters in each column are not significantly different by
Duncan’s Multiple Range Test (p = 0.05).
# The number in parenthesis is partition ratio in percentage.

Table 4. Effect of application rate of hog dung compost on the concentration and

accumulation of K in cabbage.

Treatment Root  Wrapper leaf =~ Wrapper leaf Head The
petiole blade whole plant

Concentration, g kg

30Mgha'  208a S6.la 35.7a 36.6a 38.0a

60 Mgha'  21.0a  55.6a 3452 36.9a 3792

120Mgha' 219a  53.4a 342a 3452 36.7a

Control 19.8 a 504 a 36.5a 355a 364 a

Accumulation, kg ha'
30 Mg ha' 3.3 a(2) 24.4a(l18) 20.5a(15) 88.0a(65) 136.2a(100)

60 Mg ha' 4.2a (3) 28.3a(20) 274a(19) 53.6a(58) 143.5a(100)

120 Mg ha' 3.2a (2) 29.4a(20) 252a(17) 91.9a(61) 149.7a(100)
Control 3.6a(3) 19.1a(14) 20.3a(15) 924 a(68) 135.4a(100)

* Averages followed by the same letters in each column are not significantly different by
Duncan’s Multiple Range Test (p = 0.05).

# The number in parenthesis is partition ratio in percentage.
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Table 5. Effect of application rate of hog dung compost on the N composition of cabbage

(gke).
Treatment Root Wrapper leaf Wrapper leaf  Head The
petiole blade whole plant
NO:-N, g kg
30 Mg ha' 292a(0.17) 13.1a(0.35) 4.3ab(0.11)1.5ab (0.04)3.4 a* (0.1)$

60Mgha'  2.9a(0.15) 14.7a(036) 5.2ab(0.14)1.6a(0.05) 4.2a(0.12)
120Mgha'  3.0a(0.16) 168a(043) 5.6a(0.14) 1.4ab(0.04)4.2 a (0:12)
Control 3.0a(0.16) 13.8a(0.37)  3.6b(0.09) 1.0b(0.03) 2.9 b (0.09)
NH:'-N, g kg’

30 Mgha 0.4ab(0.02) 1.2b(0.03) 1.1a(0.03)
60 Mgha' 0.5ab(0.02) 1.4ab(0.03) 0.9a(0.03)

1.0b (0.03) 1.0 b *(0.03)s
1.52(0.04) 1.3a(0.04)

120Mgha' 0.4b(0.02) 14ab(0.04) 1.1a(0.03) 1.3 ab(0.04)1.3a(0.04)
Control  0.5a(0.03) 1.6a(0.04) 082(0.02) 1.5a(0.04) 1.4a(0.04)
soluble organic N, g kg

30Mgha'  5.8a(033) 11.92(032) 9.7a(0.25) 18.8a(0.56) 15.9a* (0.47)s
60 Mgha'  7.7a(040) 13.02(0.32) 9.7a(0.26) 18.5a(0.55) 15.4a (0.45)
120Mgha' 7.0a(0.37) 103a(0.26) 10.52(0.26) 17.9a(0.54) 15.2a(0.44)
Control 6.7a(0.37) 1022a(0.28) 9.9a(0.26) 18.7a(0.57) 16.0a (0.48)
Insoluble N, g kg'1 .

30Mgha'  82a(048) 11.32(0.30) 23.5a(0.61) 12.2a(0.36) 13.7 a (0.40)
60 Mgha'  8.0a(042) 1142 (0.28) 21.5a(0.58) 12.1a(0.36) 13.6a (0.41)
120Mgha' 8.62(0.45) 10.5b(027) 23.6a(0.58) 12.6a(0.38) 14.0a (0.40)
Control 7.8a(0.44) 11.1ab (0.30) 23.52(0.62) 11.72(0.36) 13.1 a (0.39)

* Averages followed by the same letters in each column are not significantly different by
Duncan’s Multiple Range Test (p = 0.05).
$ The number in parenthesis is insoluble N/ total N.

# The number in parenthesis is partition ratio in percentage.
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THEARWEANES  BREAFMAEKERET  FEHM R UK
T R R T 529 MR LB (pH < 5.5) WMABRELBEERRRE
LERBEANBEEEGE 1991) - RTHERESEOTRESN > 5
M EASFEENABE SR I RERIRE  EEGAHFEY
MAEE ETMEEEYNEERSHE o €58 #7588 K £ 8K #Fl
A< H BBELENBREREEZR -

HEMEEY  F1 MEEMER  BAAREERLERA
REMEHELSOREEFSERERRARBRELREE TN
%, HONLDGRNEREEASREREHKBEANHER - T8
WMEEBARAEYE LB REWENINEE (Fellet et al., 1987)
HAIFANEDsEEE  URAFEERERCITHE  RIEXaEK
SETESEYE K IEE (Snith et al., 1977) - BHERHBE
mMETEEENtRERE SRS BELBEYRR EAESERARK
FE o EESSHUAREAREHREERWRMELERBRELRE
EhroERETE s T EEEET - FINWRE  HERFESH
B R R R R AR R R E RN T 0 B
k= -

— WA AR T B ERABCFRANEE
ELUEREREBWERA R ERRE T HEE THHR
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0,1,2,3,4,6,8,10,12, 14,16 BH)HIE R B EEBIEN L - BE
RN 0 & S BE KZ2 4 HfE AT R R 3 ME D B9 R D0 15 BE 1E E 1 i
FRNERE  HESEBUYT  HAXKELEIFEEREN2E8S
B BFEALAEEEE O EKEAEBRE (R HEREHES I
RKEEHEES BT ERBEXEENEEERIBELVSAE
BERLZ B EEARSNEAEBREELERE - AIL#
Mo LDABEAREEBSE RS  CTRBEELEMBEAZHE
HERAZGERGBLEEARECEE -

F— » DEE—RATERERE T ERITERE IR R < SR LTB6E
FHEfLERE (Ny)

mg/kg
XAt

S 19.1 £ 0.4
KZ2EHERE (3%) 43.3 £ 0.6
FEEHEAC(3%) 89.0 £ 0.2

Bd 74

#H 25.8 £ 2.7
Kz HEAE (6%) 56.4 £ 0.2

FEEHEAC (6%) 89.4 £ 0.2
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EREZRR o H P LUV 0 R HE R G T A I o B R
BRBMENESEORER A FHERERZ  FREERE(E
SO AR ARBRBEREEMTARBAREEHEEE
BELU R/ AR EAEE > HERORERRRE - B
WA HERRME R LM RS L E BRI W
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FARZEHE NS Rz T DAE PR B I E B ME W B E E A
NEROBBERMLULENS > ERETHERE  REgT
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BT AR TEUUNEABRE MO EE > LR
RRALRAGEBECFAMERBEBEREZEE - (LK
HMZ Bray-1 BB BHRE 3 mg / kg E—WREHSHK T BE
BER  BEWMEWEER  MEFAEH%EEZ 2% Bray-1 B
=E 47 mg [ kg WEDBEIABZEESH(RM) » BT
B AT AREARRIE LR BN - HE TR
RREAZAMBOEEMRE  EHRBE L BTN B SHERE ™
KEVNCAFTRERMEEE A& -

R~ BBEEBERRY O

% B A E#H) BELBEAZBE BUodhishs )
pH 7.4 8.0
OM % 55 >40 54
N % 1.4 <3.0 1.2
P,0; % 6.0 <6.0 5.3
K,0 % 4.7 <5.0 3.1
Ca % 6.5 7.6
Mg % 0.57 0.57
Zn mg/kg 302 < 800 302
Cd mg/kg 1.6 2.7
Ni mg/kg 11 11
Cu mg/kg 55 <100 53

Pb mg/kg 13 12
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AZ - HEZBRREEEAH BRUAZ LEA BT - 28 A& Bray-1
X;A—/\__

&=
Treatment* Organic matter (%) "fot_al N (%) Bray-1P
B Eh e 0.59° 0.08° 47°
RIS 0.79% 0.09° 60°
2% 0.69 ° 0.08 ° 20°
162 Be skt 0.26° 0.08 ° 3¢
il 0.24° 0.06° 0.9¢

# : Values within each column followed by the same letter are not
significantly different at P<0.05 with least significant difference.

209 B RBRELREHEREZ LB BRUE

Treatment™ N uptake (g/plant) P uptake (g/plant)
= B A 1.53°¢ 0.22°
e EAASBRAFR 2.44 % 0.25°
#E 2.66° 0.30°
1L 2 Aestd 1.12¢ 0.02¢
e 0.08 © 0.002 ¢

# : Values with columns followed by the same letter are not |
significantly different at P<0.05 with least significant difference.
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FREN S e R E SR S E RN S E OB (A&
ERUSEETNE  ETAENEROBR AT EEE2 g% AR
ERAERL) BWEMESRESMHE L ERX > BH#SSiL
pH6.6 » B H'E 23 .4kg"' & »-CEC8.10 - . {EMIA BRI M F N & E A
EEM (FR—) HBEHFEEGEEIRE S BR (BEE&IE% % EEME
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BE REGEFTMAFHEETNER  SEHEROBHEE  58F
MEGEFSARENERHERE  EMESREGE - BiEH &
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®— WiERH

Rotation v Tstyr 2rd yr 3th yr
Summer  Autumn Spring Summer  Autumn Spring
system crop crop crop crop crop crop
1988 to 1994
I Sesbania  Cabbage Sweet Rice Vegetable Sweet
com soybean comn
il Sesbania  Sweet Vegetable Rice Radish Vegetable
corn soybean soybean
1994 to 2000
I Sesbania  Lettue Com Rice Vegetable Com
soybean
I Sesbania  Corn Rice Rice Vegetable Rice
soybean
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Crops N kg ha’!

Crops N kg ha’
Sweet corn | 180 Cabbége 200
Vegetable 60 Rice 120 |
soybean
Radish 150 Lettue 210

K= WEEHLRUBNEE L)

Sampling Rotation system I vRotation system IT
Time CF' IF OF LSD5% CF IF OF  LSD5%
Soil pH (1 : 1 Soil * Water)
1988,0ct. 6.9 6.5 6.8 6.4 6.5 6.7
1994Mey 59 74 73 63 14 72
2000,May 6.7 14 1.2 6.5 7.0 7.0
- ‘ | Organic matter g kg”' soil '
1988,0ct. 229 186 233 83 220 233 21.8 6.6
1994 May 21.1 26.1 39.2 4.8 20.8 24.6 35.0 3.2
2000,May 18.4 29.5 42.6 30 203 295 43.4 4.7
' Available phosphorus P mg kg™ soil
1988,0ct. 105 96 104 17 111 116 86 37
1994 May 70 93 121 14 71 128 174 11
2000,May 46 81 161 12 60 85 109 8
Exchangeable calcium C mol kg™ soil '
1988,0ct. 5.69 5.31 6.60 0.82 464 525 6.34 0.56
1994 May 3.42 6.02 8.80 1.15 323 5.56 7.85 1.12
2000,May 251 5.09 8.18 0.56 1.90 415 7.63 0.39

1.CF : Conventional farmming ; IF : Intermediate farmming ; OF : Organic farmming.
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Sambling Rotation system 1 Rotation system I
Time  CF IF  OF LSDS CF IF OF LSDS
_ . , y A , 5
_ Extractable zinc mg kg™ soil _
1988,0ct. 94 8.7 11.5 2.3 8.5 9.0 10.2 2.1
1994, May 10.3 19.7 306 34 8.7 16,6 27.2 2.5
2000,May 72 203 278 1.2 6.4 185 273 1.2
Extractable copper mg kg soil’ -
1988,0ct. 9.9 9.4 10.0 1.3 - 8.7 9.0 10.1 -~ 1.3
1994 May 10.5 14.9 146 19 9.5 134 15.4 1.3
2000,May 8.0 209 291 1.3 8.6 216 326 0.4

1.Same as in Table 3

2 BB ML S T IR E S B S FE S (0.1 N HCIZEEUE)

& H =
Cu 1-11 12-20 21-100
Zn 1.6-10 22-25 26-80

FH N NEEEEXREKESER T Rt o
S 2

BRE T mm @ B %
7n ug &' crops
OF 274 11.8 19.5 68.8 21.1 104
IF 12.1 8.8 18.6 58.5 19.3 11.0
CF 11.1 73 18.0 431 12.8 7.6
LSD5% 8.6 14 8.6 13.8 7.0 2.0
Cu ug g' crops
OF 49.0 28.5 26.5 59.5 11.0 4.0
IF 37.8 26.3 25.6 64.9 12.5 3.8
CF 35.8 27.8 24.8 28.9 9.1 3.6
LSD5% 39 1.3 14 14.3 0.4 0.6

l.Same\as in Tabe3
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Sampling time

Rotation system I

Rotation system II

Wks.(date) OF CF OF CF
(NH,"+NO;+NO,)-N mg kg soil

Owk(87.9.26) 58.9£9.0 36.8+0.9 52.9£7.6 33.8+4.5
2 wk(87.10.10)* 64.1+10.2 64.0£3.0 37.8+£2.7 33.5£9.0
4 wk(87.10.24) 23.4+47 17.4£9.4 33.71+4.1 20.9+5.1
10 wk(87.12.25) 26.9+4.8 16.2+2.1 23.8+£0.6 12.9+1.0
22 wk(88.2.27)* 39.9+8.8 33.8+4.4 34.3+5.8 69.4£5.5
44 wk(88.8.12) 26.0+5.8 4.9+1.0 20.5+2.7 7.0+0.6
64 wk(88.12.29) 19.0+0.8 5.7+0.2 11.0+1.3 8.4+1.6
84 wk(89.5.23) 37.2+2.2 17.9+5.4 14.4+£2.6 10.2+1.4

2.After application fertilizer, then took soil sample for measurement.

1.Same as in Table 3
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