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A a

%\ (nitrogen, N ) Bl (phosphorus, P) EEYFHKELHVEEITTE - BHIZEY)
NG ERZHREES - 2EYESWIRHIEERE T (leading factor) » HifkZ Bl
B EEY A REREETE - RIEREBLEFYRE: FHERZHIEE - AT
EEMEHEREINE 2 FYRTREZE S - BREINE A EEES » G5
BEE B BAE - BEREEY W R T ERREYSE . HER SR (%
FIE > 1997 ) o AN[EIRYE BB IEHE T —E e A BITR(LRANE] > s YR
TR AN HE IR AR R ITE - 1T B8 AR R R EE 2 s B L o R oA R
HYE—Z{EY 1 2 ] i L & ( Chae and Tabatabai, 1986 ; #£%% A_»> 2003 ; Larney and
Angers, 2012) - At - FREZFEEHEIER > THENEEHAET - AIfEE#REIE
FHIRIREME - GE R HER g -

REABEAY LR RER B AR, » REB ¥ TR R BB R e iR e 12 IR
53771k o Bremner (1965) $2HPARALE #5518 b & AN [F BURE RASEI I 7K
i $4HE A, (hydrolyzable ammonium N ) ~ JZELFERER (amino sugar N) ~ iZELFERE R

(amino acid N ) ~ ANA[FEEIRY A /K fE %, (unidentified hydrolyzable N ) FI-Na] /K fi# &
(nonhydrolyzable N) & o J5 fd #5375 B ARG i &0 (F 13 i Bl B EL (1L A 2 A BE
77 MR HEFRRE R I B Se A E R R - nIfER HIEAERE T S (LA S &
1 ( Stevenson, 1996 ) ; & ELfiERE & 324K H (4 Y48 ( Wander ef al., 2007 ; He et al.,
2011 ; Bai et al., 2013 ) ; TN A #EREAY AT 7K fif S0 FH AR E AU 5L 53 F-#H 5K ( Nannipieri and
Paul, 2009 ) - A AT # IR /K i B A REFR R /3 MR RTEN 53 » T AT /K AR 26 A PR RE R
INEEAN A KRR S Wi e fi# ~ 1% (b (Keeney and Bremner, 1964; Ferguson and Gorby,
1971) -

TERE - MR TREESE e (GEE > 1967 5 MREEA - 1974 228
PR 1976 5 3HZE A - 1996 5 BREEAZE - 1997 ) - AR - H LIEPREE(LEPIRRZ
WFFERIFE S #R A o R [EIRHERITE G R A 80 78 T 3 R BURE (Alllison, 1973; Stevenson,
1982 ; &5 A 5 2011 ; 2% A » 2014 ; Sharma et al., 2014 ) - Asami ( 1971) ZHf5CEE
A LR R LR R B AL A > S (e LI E Y E E Ll - 1
BT IEPAFENREN - K - BRI FEHALEE R RS E R E L T
e e AL TS SR BA LR - AR%E N (1973 ) FIF Bremner (1965 ) THEEH]55% -

N
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FedR B FEKH T8 BRALE: » BUR/KHE R - NRKEE RS 24% » A7KER R
15 76% - M RIZKFERA - IAERRRER ~ "I/KAEELRER ~ MEEERERE R EL A nl#ERd 2 A7k
B HERREZ 36% ~ 25% ~ 5% 10% -
T RERE B YA IR - RISR (R BR: (Tiessen et al., 1984 ) ~ THE{EE
( Agebenin and Tiessen, 1994 ) K fif fllf& %8 ( Larney and Angers, 2012 : Blair et al., 2014 )
HAIE S HHES (Richards et al., 1995; Motavalli and Miles, 2002 ; Linquist et al.,
2012 : Piegholdt et al., 2013 ) T 52 o T3 BERE(S T EERREATLLE] - £y 40-80% - T
E LGN EREEAIRE - H AT ERIZEER 220 (Hedley et al., 1982; Tiessin et
al., 1984; Tiessen and Moir, 1993 ) - 35 £Epf i AU REEH - 388 b B30 Bl AP B AU B RA -
Chang #(1 Jackson ( 1957 ) #RFFIIE| 5315 - HF LB 75w R i EZ AR
e AR (L2 ( Williams et al., 1967; Hedley et al., 1982; Sui and Thompson,
1999 ) - Hedley <5 A (1982 ) FI|FHN[F]50EERIZEHUE] - 1 1 HH A 22 ORI AT RE
AU REEL i (HEE 2 il 807 > A FIREHE AR (EY) ~ T ME ey & sl B ple 1 rp
B BT FCAYENRE o N [EIFFHEAITEAE R A T p i B RE B R 2 G 2 28 (UffF - 1997
RN - 2002) -
ARERCAEREINE A E - KEEIERE I RIRE K E{LRmE

B o AR A E RS A BENE N C S e R T - AR H RS &5
Al — A RE R R R REREH AR EIER S g Sl #E TR 2 E
( Edmeades, 2003 ) - [Al - R [EIRYE BE AL EHRIHE S TR R BB L2 8 2
WIRFIF SRR » MERZ B EY) 2 R B S - ] REEE 38 7 SKAE A FH A B ( Swift and
Woomer, 1993 ) ° Kif5E2 HAVRBERETEIR ZE G T RIS HA RIS - EHH (4 4
25 F ) [Fl—HEE S R T IR RS L2 E . DU RIEREH 2 2% -

AL T ik
—  HBBHEIABAERE

ARWFFEERERY 2000 4F 3 H » EETEEXZEGMEEREFENRES (HE
MR ) (24°57'N, 121°1'E) B#=E - FEAEFE A EE B IO SHEIHEES A R
7% o T3y Typic Halpludox FHE 148 » BRI pHE (1: 1) 5 6.7 (475D
RIS ) » B0k EFEFEE (electric conductivity of saturation extract, EC ) 5 0.2 dS
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m’ s EEERT R 4.42 g kg EHERRERT R 14.2 g kg Mehlich-TIT AJZERH#E - #7
SEEASESI AR 93 + 127 + 3,054 B 207 mg kg « (.2 A RSB IERHEFEA-SEHEL « 5438
HERE ~ ZESEHERN - B O e SRR HE I B R SR SE 5 > HSP 2 — B WIER 1 AR -
WG BERAETTE » 5 B E > R (ZL0F) o B/ NESEETTRS o KT
TR 2004 5 5 HEREL - ELAEHIR 25 TEFE -

5 6 TGN - AT 4 B - DU 2 W ERET - B ER R 6.27 m’ -
Fa e S AEER R Fy « AFFEHEAL ( cattle dung compost » {5 CDComp ) R - FEFEHE
A (hog dung compost » {£5% HDComp ) FEEE + ZEZFEHEND ( poultry dung compost » {57
PDComp ) Bl + KT HH (soybean meal » {{5F SBM) FREH - B G i RS HEAE (pea
seedling residue compost » {5% PSRComp ) JEHE K #afin (4~ 3EHEAE — i O v fa HE Al
—FEFEHEAD — KE — S IO Rim i e ) (1C5% RotApp ) FEHE -

PR AR S DA R B E - IR(EYI IR T (E Y HEE RIS B E AR
& > NEEBE - GHE TR R B — e A > B IR & - WHEE -
EHEINR S (kgha') = (FAEHE R (kgNha! ) ) /A E IR (gkg') )
x 2( 8 1.25) s FoAr - A= HEAE 543 HE AT B o HE AR AR RS (=R DL 50%51 (x 2)
REFAFIFEFHEAE DL 80%5T (x 1.25) -

4 F IR P & - DOEAEE! > 3 HERA » JE3HENT - ZEERHED - R
Bt P S e B S PR B P e A BOHE R & (k&) 93 51R 307,200 (141,280 ) ~ 345,800

(159,100) ~ 187,420 (86,200) - 108,850 (50,100) ~ 324,730 ( 149,400) B 255,500
(117,500) kg N (C) ha' o DITHEE » AFEEHEAD © 550 AT ER TS o B TR R HE AT s
9,060 kg N ha™' » 3 HEMER A SRR 5,660 kg N ha™ » Byt i FH & B2 R 7,700 kg N
ha™ o BAREESTfE A - - FEHEACEH R 3,310 kg P ha'! £ 6,100 kg K ha™' ~ FEFEHEANE
B} 3,700 kg P ha™' Bl 4,970 kg K ha™' ~ % O i 78 B HE AR FH R 2,170 kg P ha™' Bl 3,350
kg K ha™'» e HE AT pE T 5, 3,210 kg P ha™ 816,930 kg K ha™ » A S fpE 5 990 kg P ha™!
Bl 2,320 kg K ha™ Bl 7 fi FH 2 BE T By 2,680 kg P ha™' B 4,720 kg K ha™' -

= BRI

PREEIS » 5/ NEE BRI = (R (sub-sample ) « 4B — (B4 £ ( composite ) +
HSESZ ~ BRI 20 mesh 2 A8 - TR BRI R « IBEITILRANT - SHTE
B (fkEb1:1) (MeLean, 1982) - BURI/KESEERE (Rhoades, 1982) - HHLLE
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MR EEHIE ( Model 1010 O.I. Analytical, Texas, USA ) - fAZ &% ( Bremner,
1965 ) ~ Bray 1-P ( Olsen and Sommers, 1982 ) - Mehlich III R]ZEE 7§ - $5 - ££ - #fEi
&% (Mehlich, 1985 )

= @nh

(—) #8%. (Bremner, 1965 ) : fEEY 1.0 g HIEER3IEE - A 2 mL EBET/KEE 30
SreE > IO L1 g s fREEER] (FRERST : HRfedd : ili=100:10:1) ~ 0.2 g7k
)% 8 mL JERRE - BFESERT - 10 0.3 g Wi Uhi#Esl (NayS,03) » £ 350°C R4
i DR DIABIEER -

() MERRE R ($RER +HBEERER, ) (Bremner, 1965) :5¢g +## > DL SO0mL A 2.0 M

FALFIVATZERL —/NEF - 5608 - DIZEEBNEE R -
(=) BHEREZES) ( Bremner, 1965 ) : f&MEHERE R A% 13011 20 mL 6 N EEFRVATR -
7E 110-120°C &3k ~ 57 (reflux ) 12 /NEf > 518K f#7% ( soil hydrolysate ) »
FHIE A SURE A
1. A7KfEZ5, (total hydrolyzable N ) : 58 & H Al 2 KR IA 7R - AT
FRIEER R IRiER i - SeRkiR - DIZEBREE R -

2. A[/KFREERER, « R - IIAEESLEE (MgO) - DIABEER -

3. Al /KRR B AL ERE A, (hydrolysable ammonium-N + amino sugar-N ) : SE & 7K
FRTE - N AR EE-ABREERE AT 10 mL » DIZRBHEAE R -

4. WEFENEREZ (amino sugar-N ) : AI/K R #%E S P ELBERE SR B = T /K R RE A

5. i E:EERE & (amino acid-N ) ( Horwitz, 1980 ) : 5& & /K i & DLEI s =
(ninhydrin ) K2 - (LEVEERE -

k

6. NAIFFFERY R KRR « Al /KR R A KRB R IR RE R M I LR TR
=
% o

7. ANRIKARR © HERIRE ATk i 2 R B R R
it

N

o

-

LA Sui A1 Thompson (1999 ) J5-3ZEHE] 737k -
(—) 0.5 g EFZLEN 30 mL AYEE LT - J0A 28 mL BYZREET/K - Rz 16 /)N -
8,000 rpm Fff.(» 30 734 - JEAK (0.45 pm ) 3#IE - DISHEL R HIBE (Murphy and Riley,
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1962) -+ B/KZEEUHE (HO-P) -

(Z) hoA 25 mL 0.5 M pH 8.2 Z ik ESNATR ki T2 B E T - ki 16
/INEE » 8,000 rpm Eff.(s 30 435 - JEIEGENE - DISHES L HIE - R kR SN AL IR
B (NaHCOs-IP) -

(=) foA 25 mL 0.1 M @& LHATRI Fal iR 1582 B (V& T K% 16 /)NEF - 8,000
rpm FE.0s 30 4388 - JEIGEE - DUSHES R HIRE - By S S LR AL A R% ( NaOH-1P ) »

(19) fA 25 mL 0.1 M BERE AT AA Lol oil 382 Bt 08 oF - HiR32 16 /)NF » 8,000 rpm
HiE Ly 30 o35 - JRIEETE - DASHES IR - R A< HRE (HCI-P) -

(H) #ia Bz R IR AR - A 1 mL 1 N &/LEEATR 5 mL 2T -
360°C NNEME—/NRF - 0% 0 DA 1 mL RS CEITEE © 70-12% 85 =
92 :2) > 360°C IEAFAS AU EEZ 50 mL » DUSHE IR - R ieaams -

(%) 3 BB Sk & S LI 20 10 mL BREEF - DL 0.4 g HBmiERL

(ammonium persulphate ) ( (NHy)1S:05 ) B A SRR L L5 fF (DL 103.5 kPa -
121°C 43 HIWE{E 60 4358 K 90 434 ) » DL 1 N SELIATRIIEE pH 7% - DUSHE %
Ik - H B R E S SN A R A LN AL 20 - LIRS 23 BITIRR AR A 6 i 4
SLEN AR IR - HIS> BI1SHR R SR AL IUE % (NaHCO;-OP ) G E (LihAE
HUH B (NaOH-OP ) -

A #RET

FrE&ERHILL SAS G HETT ANOVA 731 - FFLLERH I 2 8 i LL il 2

( Duncan’s multiple range test) - FLER& BRI AT A5 - fifl A2 BEAM S IR ERHR
FERT > DR Bray-1 2500k ~ ZKZEHUBE ~ ik Sl om 22 IR © S S Lah 2 U A RE -

TR A< I ~ TRERMAE - BRSBTS FE T BA LR - RIESTRR B R A

(linear regression analysis ) o
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= 1. R ZAREEM PIT R

Table 1. Some selected characteristics of the organic fertilizers used in the experiment

e FEHEAE  SAFEHMEAD  FESDHERD REM  TWEEERE

Parameter Dairy cattle Hog dung Chicken dung Soybean meal, HEAE

dung compost, compost, compost, SBM Pea residue

CDComp HDComp PDComp compost,

PSRComp
OM* (gkg™) 500 421 496 536 519
TN (gkg™) 29.5 26.2 30.2 52.0 27.9
C/N 8.5 8.0 8.2 52 9.3
pH 6.45 7.30 6.51 6.10 6.40
EC (dS m™) 7.45 4.09 13.37 4.59 4.47
P (gkg") 10.8 10.7 17.1 9.1 6.7
K (gkg™) 19.9 14.4 37.0 21.3 11.0
Ca(gkg™) 13.1 44.5 46.5 3.0 6.5
Mg (g kg™) 5.5 4.5 8.4 2.8 3.2
Cu (mg kg™) 30 102 223 12 17
Zn (mg kg™) 137 229 265 37 79
Mn (mg kg™) 372 507 516 28 178

x: OM: Organic matter; TN: Total nitrogen; EC: Electric conductivity of 1: 5 (compost :
water) water extract.

4RI
— LI

7 2 BN e HE IR 4 A 25 WIPEF R I EdfiAE 1% - 1488 pH ([HEE A -
DUt A=A (SBM ) FRB AR - B fifisn O rr v pa HE AL EE 3 (PSRComp ) MEEHZE 72 5L
FESEHENT (HDComp ) BEZEFEHEND (PDComp ) FREHE S - (HRIFEHENZ A ER - K
R FEHEAE (CDComp ) Bl o S HE HEAL AR B R BE - KRG MEHE G ES - I
BIUAE » EEIERE A 13 h 5iE (L (Van Kessel ef al., 2000 ) HERE ( Graham and
Haynes, 2005) - ;@& pH {E T - EHAEERE R RS2 FE R R
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( Eklind and Kirchmann, 2000; Tiquia and Tam, 2000; Sanchez-Monedero et al., 2001 ) -
R TIEHR - SEEMAEYER - EREEE T RSPEIHRER - EEE T H+
S §5/ D aiRE pH A&/ o (K13 pH (H » QF3EHEND « K Sk Hil iy o 1 TR A HE
NERR B P EER Y - 31 2 W Fe R it FHHE AL BF £ 8 pH (HIE7T - BRAERE TE Y §5
Bt S s - HIETREE pH (B N - R & (liming effect) ([ > 1995 ; Whalen ez
al., 2000; Egiarte et al., 2006 ; Doan et al., 2014 ; Larney and Angers, 2014 ) » Q155 #HE
IC B e 3 AT T BEERAYY © 4 4.2 0f - RotAPP AR A & 1,375 kg N ha™! A -
FER i EA A R E AT - B pH (B MY - R AR ARE TR 3% pH (B
B NG R E M E BHAH R A B ( Kétterer ef al., 2014 ; Larney and Angers, 2014 )

A HE AL T BN AR R B R s - RN - AN Y & S
F - HNERENEE T fRE L/ N8BS eEA K EE R SR A - HRIRE
E RS T - AFRE BRI A R O R A Sd . R - Al - e AT
TR R E R -

THE IR R R E A B R (R 2) o TR R S HE I &
FRARTEIEAHRA (r=0.827 » P=0.05 - n=6) - 2HREARE LR i 28 EEE
#d (Buysse et al., 2013 ; Vanden Nest et al., 2014 ) - {H2 K GRS HIEE RS
SN ERE > W > SN EAERRIERN S  NEEENEREM  FHEH
MG HIEE BRI IR s - AR EY) - HEETE TR REhE L - 1E
HEAE G RE R N HIRR SR EE DA A% LA FH R O N 3 E i 5 S S HE T B e
SRR HE I RRE A ROE N bR s FEERIRUEE - MR Y B e
B LR R NS i < WV E AN AR - A S E 2R - TIRE Bt B
0 s St B 2 ST - JNEEE B 0 3R i 1 B A8 S AR T BRAET - SR T3
PR EE I R T 2 BRI ( Gregorich et al, 1994 ; Lamey and Angers,
2012) » 2RI » HHAHFZERER - HA(ERE (F2EHEAE - FEEHENE - B O i et
MR ) 2 AR EERE - BRI i E R - WAEE -
o A R & BN DU IIEY) E & - (B8 B @ {E (Lal, 2006 ) -
Loveland # Webb (2003 ) 32Fs 20 g ke AJLUE - S el & S 2 SR - BERR
SR T EEE N e SRR HMmEEARE -

PR R A pE - Hoth S i E ITRRE A 25 {F - Mehlich-TIT RJZEESH - 5
ER SIS - BUREARE IR RIE LR S - EEEYFHER (£ 2
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BiF% 3) - BREAMIILZ MR E - R B OKER - BE R A RE REAIgE
HELEESSE (HECEEERIN) 2L - Blair % A (2014) 776 M
FERER o FHPEHENCELSEFEHE IS P50 % - (5L FEME DR T I E T4 - BfEAA T
MR ER L FEFEHE IR R 2R NI S - HEARRE A IR % - BRI
HERR AN A A BB AR - SRELRIEE AR - B ZE o NEINE S Ak 11
H Mehlich-III A2 HUSABAEEAA R 725 (£ 3) o H -3 Mehlich-IIT ]2 HSREL §1
53 G B B At o S B SR AR TEARRE (8 r=0.874 5 ¥ 1r=0.989 » P=0.01 -
n=6) o HAER A BER FAGE B R R EHEAE A 2 % s s S E SR
fE - Hrh 2R ERE I AE A R EYIHES -

&

all

151 4=

VLD Z

R 4 25 (2R FAREE TR CRARE » DFERINEEEERS - KT
PR R B - HLPEfEE S % - BRI AR (442 gke!) [ KEHIEBELRK
D T EHE IR B INE RN —/F (£ 2) - BEURBAREH - KE#EKIE

( priming effect ) ( Kuzyakov et al., 2000 : Chen et al., 2014 ) » ffi +- 3 FF 7 G A
Al o i EHE IS TR AR I RS BB 28 FEEHE N O P T RE HE I
FHAISEAN - e e FH 25 TG B IR BRI I > M LLAE S HE IR B ) BUR ST
BREMREAR > ER CERENECENE - EETE TIERARE - FEHEE
Jie S S AT B st e S A A B SRR e P 2 PR SR B e R HE AR % - R R &
BT RENRLLRE S o R > AFFEHERE - 5 FEHENE BB O i TS RE HE I PR B 2 St
EHEA > KRB HE I AR - SRR AR R EAH A TH R ARG R - 58
RTIERNIER > IR R E IR H & o 2R1 - A amiil— Tl R B B P 20
g kg EHAE MR & B 2B 5UE (Loveland and Webb, 2003 ) 1 » T B -1
MESEEREEHEE -

=)



(56) PREEE RSk G se s s 75 1

2. REIEAEEEE (—)
Table 2. Selected chemical properties of the soil (1)

= W GORUKEER  ERR WA Bray-1 G
Treatment pH( : 1) EC Organic C Total N Bray-1P
dSm’ g kg g kg mg kg
CDComp"” 489 b* 443 a 8l.4a 11.0a 272b
HDComp 6.67 a 2.08Db 50.4c 58¢ 222 ¢
PDComp 6.90 a 1.28d 31.6d 43d 459 a
SBM 4.58 c 0.73 ¢ 149e¢ 2.1e 198 ¢
PSRComp 4.70 be 1.85 be 57.6b 6.9b 268 b
RotAPP 562a 1.51 cd 49.1c¢ 57¢ 261b

w: CDComp: cattle dung compost; HDComp: hog dung compost; PDComp: poultry dung compost;
SBM: soybean meal; PSRComp: pea residue and rice hull compost; RotAPP: applying the five
organic fertilizers mentioned above in turn.

x: Within columns, means followed by the same letter are not significantly different (p = 0.05) by
Duncan’s multiple range test.

3. HHEEAMEEME ()
Table 3. Selected chemical properties of the soil (2)

e B EARVAZE G e RV ) YA G~ VAR 6 YA o
Treatment Meh-1IT* K Meh-III Ca Meh-III Mg Meh-III Cu Meh-III Zn

mg kg’ mg kg’ mg kg’ mg kg’ mg kg
CDComp"” 580 a” 1662 ¢ 592 a 1.9d 304 ¢
HDComp 360b 3014 a 379d 6.0b 43.7b
PDComp 545 a 2078 b 448 b 64a 56.4 a
SBM 141 ¢ 53f 40 ¢ l.lc 104 f
PSRComp 317D 779 e 381d 29e 224¢
RotAPP 365D 1270 d 293 ¢ 3.1c¢ 28.1cd

w: CDComp: cattle dung compost; HDComp: hog dung compost; PDComp: poultry dung compost;
SBM: soybean meal; PSRComp: pea residue and rice hull compost; RotAPP: applying the five
organic fertilizers mentioned above in turn.

x: Mehlich III extractable.

y: Within columns, means followed by the same letter are not significantly different (p = 0.05) by
Duncan’s multiple range test.
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() MEREREA

fMEMERE G RE R L] 1.6-5.4% (S5 2.7% ) » Stevenson ( 1982 ) . hff5CEE~ 15
R RE A - TNHDEFERRY 5% © & 4 BURS R IR R RURE R - AR
NEEE IR e H [ R RE ZURE B A F - IS IR B R - 32 600 mg
kg - TEBERMEMEEECRE SRS - T 2 REATEREIE A S ST -
B9t 2 e 8 s R i e [ I e P SR AR RE IR SISy FESEHENE BR S R B
WK - e H SRl B e E AR A /E A (denitrification ) R - %%
BEIM S - fEIRE R MRS G L (F 2 Euoa & il - RSN IER - oA
NERHT Rl eSS R R R 2 HEREEEE - Al - AEEERIRITEE
FEE i A & R [F] - Flower £ Arnold (1983 ) K[fF1%= (1997 ) ZW5EIg58 R~ i &
AL HEADIE D TR ARG A - (It - A B IERRY 8 e o al R R S
BRI ER - TEFEZSHIIER - NMESEIIRA - TN EBEYE - 2R L
SR RV RS -
(=) BHER

AREBRBTIKER RN KRR AGFEELLE] 95%DL E (£ 4) - HR
HAERB ARG AN ELONE » BUE B EE R RIRE A BB R AL o Al7k 2 J
PRy B I LR R NE - TP KR EALEYIERHE TR AR R S (L (Keeney
and Bremner, 1964; Ferguson and Gorby, 1971; Rao and Ghosh, 1981 ) - 3& 4 FE -~ AN[E]H
U e TR - 3 ] 7 e 2 SR BN P K R AR B RR R R BB > IR B T N[E] 36 R i A
ETH R T R (Sharma et al., 2014 ) o RIZK R4 IR DA S HE T pR 3 B
FiE o KA « ZORFEERENNEL T O v AE HE IR B H R BT - B R i
B S HE TR T - N RKERURE R E(RIEF - BLA]7K e Z AL - RS EEA+
o MERKERERIRER - ANAKEERIRE E SRR IR E N =02 —
HURN K GGl ~ Wl SO - fSRE TR ERE . AL EMERRE
T R TIRERD R Rtk 18 - IR (e 28 S e IR AR » i 43K
HEAE B S re SR RG HEAY - MBS HIE A KR FIRAE R S - IR A KR R IR AR
= g ZEAELLTES - DR » P ERE IS & m R HE A H &AM - B8R
AFHENE A o S R HE N S R BR1L - ERipR B AT & RIS (E A B IR
Mo HESEEREIC R AR RAREL - BESEA (2004) $5HT - KB A S TR RERE
FiE T EP KR AR - AR - AR > ARE R R B A

=
W

i

&
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RERAIREZBLH Y, -

FRI KR R EE 52% » BIR R HIEFERE —FEEEYE
HY 5 A AR R RS HE R 48% » B BH TR RE — PR AR HAH R E AR AR R 4 -
NRK R R RS ar B AURE - WAV A DEREATEID - A (1973) WF5ERE]
FEKH IR R Al KRB n] K R 7 Bl Ah 76%EE 24% » BUARESE HIEANE]
ST e I B BV W) R 8% R A R 2 R R AR R - Keeney I Bremmer (1964 ) %
Bharadwaj %5 A (1994) Zif5eiT » KA A2 R A AR B At LA
HEN -3 AT K R R EN A K R R AR » FFFI5R (1991) HURFSEEE R - (EERE
GO E TR - AN - nlKEE R - ESA (2004 ) BURFSCHIEE
e AL AR BB IR RE B I DA R RAE R - AN [RIAY IR & fE A T RE
REMYHIFLRCAE (Allison, 1973) » BERAZEREE R HMIK T &2 - MAFIEZ 6
fElpz 2 1% » Al /KR 2 RN B BIE A DK R - (B2 2B TR E
eRAHE ($£4) -

x4 DHERA - ERRAEKEE AR
Table 4. The concentrations of total nitrogen, inorganic nitrogen, and hydrolysable nitrogen

R H ERERER EHERER AR A AR
Treatment Inorganic N Organic N THN* Non-hydrolyzable N
mg kg’ mg kg’ mg kg’ mg kg’
CDComp"” 593 a” (5.4)° 10,387 a (94.6) 6,011 a (54.7) 4376a (39.9)
HDComp 149b (2.6) 5,670 ¢ (97.4) 3,125 b (53.7) 2,545 cd (43.7)
PDComp 68c (1.6) 4,246 d (98.4) 1,975 d (45.8) 2,271d (52.6)
SBM 55¢ (2.6) 2,039 ¢ (97.4) 1,316 ¢ (62.8) 723 f  (34.5)
PSRComp 126 b (1.8) 6,750 b (98.2) 3,143 b (45.7) 3,607b (52.5)
RotAPP 112b (2.0) 5,571 ¢ (98.0) 2,834 ¢ (49.9) 2,737¢c (48.2)

w: CDComp: cattle dung compost; HDComp: hog dung compost; PDComp: poultry dung compost;
SBM: soybean meal; PSRComp: pea residue and rice hull compost; RotAPP: applying the five
organic fertilizers mentioned above in turn.

x: THN: total hydrolysable N; Nonhydro. N: non-hydrolyzable N.

y: Within columns, means followed by the same letter are not significantly different (p = 0.05) by
Duncan’s multiple range test.

z: The number in parenthesis is the ratio of N fraction to total N in percentage.
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1. AR AR A RE R
NEWTE B LR TP K RSB RIRE IR E A (£ 5) - 2EEHET]
IR RE RS EERE A 10% » B R/KEERF R &N » Bl ERRERR =052 — < Al/K
fiR s B R H A AL S HE T - F A D ABEE T HEEM (amides ) ~ %
( hydroxyamino acids ) B E (i L B2  f& 3L (amino sugars ) F& H B fHIENS (purines )
FwsnE (pyrimidines ) @4 ( deamination ) 5% J$#5E T ( Stevenson, 1994 ) DL Kz F%h
) TR L [ E RBHYSLHE - (Stevenson, 1986) - AI/KfREZRE IR 2 = KIEF R4
HEHENC R > B O i S RS HE R RE B > Wi T = SAEEHENT R T > HEEEHE IR T > K
TAAEEE - (5HE A LU HI A 2 HE A PR B M - FEFEHEAC R G =y > HERFEI (52 5) -
RSN (1973 ) WFFEE B EZ/K H T K RS RE R FE A2 25% » mfAARFE 11
Z 10% o 2255 A (2004 ) HUFZE 2R L2 AL R B A A - A7k s e AR A L
B - e LRI R A (1993) BMtFEthir - AREIER RS R
SR Sy ] /K RSB RN B WERE R, - BUR /KRS B R T Sk HE R E Ik} - H
A 52 B[Rl R AR T B E Y RS Rt B R (855 A > 2011 ; Sharma
etal.,2014) -

2% 5. LERPREEf Al KRR

Table 5. The concentrations of different fractions of hydrolysable nitrogen

Je B AR R SZRE R M ELRRRE A L NE A AN ATHER AR R A
Treatment Ammonium N Amino acid N Amino sugar N Unidentified NH-N
mg kg™ mg kg™ mg kg™ mg kg
CDComp" 936 a* (8.5) 2391 a (21.8) 271a (2.5) 2413a (22.0)
HDComp 556 cd (9.6) 1856 b (31.9) 185 bc (3.2) 528b (9.1)
PDComp 518d (12.0) 1254 ¢ (29.1) 116 de (2.7) 86d (2.0)
SBM 222 ¢ (10.6) 813 d (38.8) 231 ab (11.0) 50d (2.4)
PSRComp 685b (10.0) 1784 b (25.9) 149 cd (2.2) 526b (7.7)
RotAPP 585 cd (10.3) 1948 b (34.3) 68e (1.2) 233 cd (4.1)

w: CDComp: cattle dung compost; HDComp: hog dung compost; PDComp: poultry dung compost;
SBM: soybean meal; PSRComp: pea residue and rice hull compost; RotAPP: applying the five
organic fertilizers mentioned above in turn.

x: Within columns, means followed by the same letter are not significantly different (p =0.05) by
Duncan’s multiple range test.

y: The number in parenthesis is the ratio of P fraction to total P in percentage.
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FITE IR BRI IR RE S (B AR 4 30% - I BRRE RS DR SEHE DR A vy »
FEEHIELBIRIRAR (21.8% ) » REMEHIBEE &K - AIEEHEEIHIE (40%) (F
5) o HEFHERLER BRI K - HEARFEIARNT o MU SREUR N AA S Uk # o 2
T E R R R AR B R A TR - PR R IR R IR KRR 4 Bl T
I EIIRE - WM AKEREIRET - SRR RE - MEEA (1973) TH5EERE
TEKH T EE AR ARG R 36%I ARt EaT - TIETHEEREBRIEE ST
TELIER ~ TSR AEYIE IR R - E AR (#6% A > 1973 5 Nannipieri and
Paul, 2009 ) - #5EF (1991 ) BURFSCEE A BB IR R dE 2 0 n TR A ELR RE AR T
REMMEILIER - Allen 25 A (1973) AURFZE3 IR - DL PN B A SIERGE—Z(EY)
% > TEEERRERRE SRR SRS A TR MmN - R -
A ZBERERBERLEY) -
3. fREEERE A

f EL TR RE 8 5 22k H A P s 2 4 T R KSR (Myrold, 2005 ) » FZLRERE
FALFE AT HLBISET R 4% » BIREE A (1973 ) WFZCHRE Bk H 1 i L A Ak
TR S%MT - L ERKEE RS I - HIRERE  GHEELEIE/]N - DL
iy i P L VR (I EMLE S HE R P B 72 ) » A S IR R AR M A= (3R 5 ) -
R R BB DA FEHE AR B i ey BN R SRR LB 2 R - e A S e
REMEI R T - FIREEERTE (Rousk e al., 2009 ) -

4. A HEEEIT AT K R

N RTHERE A AT 7K R 2 T B K i A B (o FR i B AR WO R T RO (7 RS
TEHINE RS (Nannipieri and Paul, 2009 ) » FECAIE o-fELRRRER » N-2R &5
FEETRRER ~ WG ~ S EHEIR R E E BRI - IS5 EAE - AIfE LIPS
(Paul and Clark 1996 )  “NA[FERHYAI/K RS IMGHE R 8% » A B HE IE i B AR
BHEENEMER (£5) > MEERAILEIHE (22%) - 2EI9EZ 5% - Bni
FAA-ZEHEAD Rl BR L B IR TS 8% - BlE TR ERE S - gaaEEE
NETHERHY IR RS, - PR (1973 ) TRSCIREI 227K FH 3 n] a8 Y ] 7K B A
HEE 10% » BRAEARIRSN - AW 7E L IRITHRIK -

5. ZE AU A E 57 I
AR R R RE R A B (G A EL BT - &(E R A 3 BT AR R L R =

w2l

G
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BRI < B EICEARE (% S) ; frEEEE DI ERERRE RS - 8
FEHEA R B A A PRE AT AT AR R R i R R R R AR - RERUEIy - SEH
Ryl 7K B RE R, - (HFESEHENC IR B L2 AN T RR Y m] 7K A R B DK AR B RE R R AT -
R AR B 2 i R R I B ] K A o FE SRR FEAHI ] - 50 S e R R e i T L M 7k
BRI B A AIFRFEERY AT KRR » FFICR A AT FHRE AT AT 7K il 2 B AL B A RR L -
Mt =R 2 S ERAESEICEA A RE - (R E R AL ERERRRR A

o

N

a

Tt 25 fREE M ATHIAS RS - NERERE DS IR RE A A8
(£6) - MAREBHEREESE DH SRR - RREMAE (£7) - Aboewk

532 EER By 83.4-93.0% -

7 6. NFE| R E 3 KA M R R
Table 6. The concentrations of water soluble phosphorus and total phosphours under
different treatments

JEHH TKZE At etk Elliyes
Treatment H,O-P* Total-P Recovery
mg kg mg kg %
CDComp" 424 2 (3.2) 1309d 83.4
HDComp 15.8 ¢ (1.0) 1660 b 93.0
PDComp 31.8 ab (1.3) 2338 a 79.5
SBM 26.8 bc (2.9) 934 ¢ 89.5
PSRComp 28.3 b (2.3) 1226 d 87.3
RotAPP 24.1 be (1.7) 1362 ¢ 85.8

w: CDComp: cattle dung compost; HDComp: hog dung compost; PDComp: poultry dung compost;
SBM: soybean meal; PSRComp: pea residue and rice hull compost; RotAPP: applying the five
organic fertilizers mentioned above in turn.

x: H,O-P: Waterm soluble P; Recovery: Recovery of fractionation.

y: Within columns, means followed by the same letter are not significantly different (p = 0.05) by
Duncan’s multiple range test.

z: The number in parenthesis is the ratio of P fraction to total P in percentage.
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x 7. D[RR I SR

Table 7. The concentrations of different fractions of P under different treatments

Gz MREREIRAEIN  IRRR AR SR(LINEE SRS LIRAEIL AR VEERW
TR A LR B
Treatment ~ NaHCO;-IP*  NaHCO;-OP NaOH-IP, NaOH-OP HCI-P Residual-P
mg kg’ mg kg mg kg’ mg kg’ mg kg’ mg kg
CDComp” 208 b (15.9) 6la(4.6) 412b (31.5)  36ab (2.7) 320d (24.5)  229¢ (17.5)
HDComp  205b (12.3) 37a(22)  330c (199)  60a (3.6) 765b (46.1)  248b (15.0)
PDComp  272a (11.7) 37a(1.6)  330c (141) 53a (2.3) 13292 (56.9)  285a(12.2)
SBM 183¢ (19.6) 452 (4.9)  432ab (46.3)  44ab (4.7) 38¢e (4.1) 165 ¢ (17.6)
PSRComp 206b (16.8) 37a(3.0)  456a (37.2) 21b (L.7) 275d (22.4) 203 d (16.5)
RotAPP 199 be (14.1) 36a(2.6) 415b (293)  39ab (2.8) 460 ¢ (32.5)  241b(17.0)

w: CDComp: cattle dung compost; HDComp: hog dung compost; PDComp: poultry dung compost; SBM:
soybean meal; PSRComp: pea residue and rice hull compost; RotAPP: applying the five organic fertilizers
mentioned above in turn.

x: NaHCO;-IP: NaHCO; extractable inorganic P; NaHCO;-OP: NaHCO; extractable organic P; NaOH-IP:
NaOH extractable inorganic P; NaOH-OP: NaOH extractable inorganic P; HCI-P: HCl extractable
inorganic P.

y: Within columns, means followed by the same letter are not significantly different (p = 0.05) by Duncan’s
multiple range test.

z: The number in parenthesis is the ratio of P fraction to total P in percentage.

(—) Bray-1 R ZEH#E
AT FE -+ Bray-1 AIZZHUBRREE - 198 (£ 2) - EEEER.IN - TRE
R IR - 6 TS A RIER o AifFse a5, 2 Mehlich TIT AJZEEY
WS R 93 mg kg » PR CAS SR B SRR AR 5 5t Bray-1 A ZEHUBRE R AR
%8 (category) > EE./\{;EF':W(E/\ 35 mg kg B - BlfF k& & (high) (Jones, 2001) -
BRI AL ET 2 FIE T M EE Y - #% 25 (EEESC et ety - (F T3 E Wk B2
=fE - DAHEEEHEIRRR B A =) - B AT AR 26 N E R R - TIEE R E g B
IR - MRS YA (Campbell et al., 1986 ; [ » 1995) - SR ER TR
¥+ (Oxisol ) » HimHE E#iGE ] (Reeve and Sumner, 1970; Fontes and Weed,

1996 ) » 2K » A HEE 73 Al (2 1T IR B L Ath 5 B FIJ RE el Wl B EL th e 1 (i
i 85 ) R RO EEATEUWEEREE ( Chen and Barber, 1991) - £:3% pH {E/NZE AL

BRI - j:t% pH {H7E 5.5 &£ 6.5 I - THYIE MM iR = » 2RI - fEAH e - £
pH {ERYSKIE » ALABARH © Bray-1 Z2HURHR B 138 Ay i P A B R 1k (A A



Ui 2 FRE IR B4 B TR P S 25 (RS TR B H R B 28 (63)

(r=0.869P = 0.05-n=6) - [EREAE TP ZRBE LR AN (Rehm e
al., 1984 ) - ZEHRERE —EREFE IR - McCollum (1991) {dEHEE KRBT
FEA HERE A ¢ T 268 35 Mehlich TIT 5% FH 100 mg kg™ (%25 20 mg kg™ &
16-18 47 » FRAHH T3R8 Frod 26 B s PRI -

(=) 7KZEH

IREEHUIR S8 3% LA (3R 6) o ZKEEHUME AT B fe i # S E + emit iL JiE E
77 (Khalil and El-shinnawi, 1989 ) - 3% 6 BERFEFHEML R 2 /K 2R B (R > H
BRI H R A 22 RN o IKEEHURR A Bray-1 Z2 5 EF BHH B R [ 1 — 7 H Bl
% - RRBAHIKZEAUEE (G Bray-1 ZZHUEHY/ NGB 70 -
(=) BRI

bk I S0 B VS VIR A I B ok BT 1) S FE ) B UMW 2 — 053 ( Bowman and Cole,
1978 ) » TEEEZEHUARRFE K2 $545 7 Remh K5 o7 $RAG G REWE - HESEHE IR PR ORI S 8h
AL R R R K TN B R (K - LR R B HIAET - SEE( G 15.1%

(£ 7) - HRFIHEA Z B2k B R EIRE BB IR - fKOBRIFFZ % > T ftE
YA S S A B L - TR SN ZE I M R B R 2 R 2 R M TE A
B (r=0.939-P = 0.01 > n=6) » F7 L& {73 ol Bl fi I 2 K o B2 2 %5 UJAHRA © Bray-1

ZE e P BB R S 2K U R IR . 2 MR AR MR IEAHRE (r=0.978 - P < 0.01 > n
=6) - BUTE WA TEZERAYE S L EAH S - B Bray-1 ZHUEE HHE &2

B e REBRE S St G B - TIRSRAS S RO - Saleque 5 A (2004 ) HUBFSERERIEEAL
B S AR FH o (o o I S S 2 R A R R P o+ EL IR it P e A i 2L 7 o L i
Ty BLft L ER TR R B A B 5 IELBR SRR - IR B NN - B Imi A S (BR
1995) -
() E A bsh AR

AL VA T AE U B o B T IR rh ORI S el S RGPS RE R Y LE BT s
29.7% - ENFB LR LSV L - S & R - S8 L ZENIERPHRR
DA S5 R HE AL s K SR LB s - KR s Bl b B - S (A SR B e
HEAUPEHE (3% 7) © Bray-1 ZERUBHIRE B S LN E IUBEBHE —ERIRITR - &R
L SRZE AR bR R R B 3% pH (H MR AR IR & AHRA (r=-0.951 P = 0.01 - n=6) -
At HH L1 (73 R SRt 5 B » SR L AL R R 2 P B fR I S A 2 S T Bl
E—ERIRALR - HIBER I — S BA R AR -
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(Fr) B2 B &

EERA VA TR ZE I Wi () T EDR S5 A5 A 1 - LB S RERERY EL B3R 31.1% »
HEAEBEENAZE - HRAR TEESEY) T HEPBEDE s 5 RE R
F - $EERER D (Cross and Schlesinger, 1995) © 21T » KT ARSI » $545 & REWE
Al LA ey o BUR RN - 2 LA T ER A B AR
it FH 3 R A B R[] - B UK SR B 1 SR B R K U A T (38 mg kg ) B 544
BRAELG (4.1% ) AR - DAHESEHE BT A ERT (1,239 mg kg ) B GHAREA LG

(56.9% ) ¥ » Rk EHENCEREE (3R 7) - BARRZ B IR A B A IR P 22 e
2 METEAHRE (r=0.996 - P =< 0.01 » n=6) » Verma % A_ (2005 ) 2 Ff5cth < Ea s
A IR FE AT A T B 00 » Zhang £5 A (2004 ) Z i 7R BEURAE (A ( regular fertilizer
P additions ) Z {5 » NREBHENRE Z@E(D (HCI-P; ) 2 2 A A i 1
T < T P A S el o P B 1398 pHL (B 2 A EBEE AR I IEAERA (r=0.930-P = 0.01-n=6)
.36 B e AU A A 1 S R g (R ik A2 S5 60 T3 R BB AS S AL S Y3 A L - B AR
HU st o P B R SR L B AR U R o B 2 A M EfHRH (r=-0.867 > P = 0.05 > n=6) - &
I ZE M BRI A
ON) FEERBEE (5

FEERMEE () 2 S I EZL IR - 2RI EE D » TR

SEEALYI NI AIRE - BB (S RERERY LLBISE Ty 16% > SR BRI AR B 5

(F£7) - ALTEBRAILLEIEE (12.2-17.6% ) FLIEMEG%E - BRE —&n 32 i e
HIZEAR TN o ORI TRERMERR RS B AR R 2 M AR e TEAERA (r=0.946 - P
= 0.01 » n=06) NEREAENEBEIS RS - FEARWEIRIG N - FRERMERYIRE B 132 pH (H2
REEARMETEAHRE (r=0.872> P = 0.05 > n=6) - JEZH pH (E LF - $HELERAVE
FETNRE - B DU R FTE » [FIRRF R R i el L A L -

() B

B BRI RO EL B NIRRT AR E IR KA E (R 7) - W
FEVATRFTAE S MR ARy 58-97 mg kg™ - (GREREAY LB 3.8-9.5% - fiti FH A B
BM AL A T IHAREBAIRE (B> 1995) - (H--HEE BERRHR I BLE B IR i —
ERRLR - SREAE TIEERRSNT - BRI —E % - i O B E IR 2 G R ERR
FERARZ AN » HARITMT - BB RS RE » TR EHBIERTS - (HEREAR
ZEIWE BRI - B2 MEEREORTRE - I rh i 1 22 m) S uh &1 (i -
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HOREER - AEIFERE R E TR ERBRE S U E 8 - SRR S50
ZHE BRI A =R > S S S L IE BEERRE I ZE RN - IR EEhZE
TG B R Bl R SE L a2 A B BR E BE RN [R] - AR EAE R E R RES -
T L WA B & (3 AT BITRT 550 e D e HE A e PR B Ho R PR AHST © Tiessen T
A (1983) K Oberson % A\ (1993 ) PR EERMEFINFE A BERE » HHICARFZEILAR
E—DEET » SRR EH R L] -

OANIE-S (7587 2 epmm £t =0 n et ]

SIS - 2 0 3 (40508 bl ) = (B e s B I 25 T = & SR AL B 2 U e e
> TEERWE = MR SERZEURER I > S A LI IE B = ik SN2 A B = 7K
ZEHUE - B RRBINE IR P A PR B TSR AT - FHHER 7 WIAN A ZEHE I B B O i i
5 2 e DL A S AL RSB R I R - TOREERRZE AW - F R TR RR Bk R &
PSR RE - PR ik BR S M AR U BRI ~ 7K ZE B B S S L 22 A B - 53K
FREIE ~ S 3 O AT B i e et PR e TR 25 DU RR 2 U R R e - HLAMR P -+ &R LERZE
AR ~ TR aR i B piR I S S 22 U R - R SR B DL A L 22 U Rk VR P A
15 HAMR P Folik B SN2 MUMAE R © J8aRmE - EIRRZSUBHR S R B pR B A
FEAE] - BURHIEE S TR e TR R (e B s IR
& (Linquist et al., 2011 ; Gagnon et al., 2012 ; Piegholdt et al., 2013 ) o

s

it 4 4 25 (EEER A REHREICH - S HE SRR SREETE -
FEAY ~ AR EAEETE S AR HE AL R - 58 pH (B Tt - Afdia B AR M Ly
HRRER > AU R ESE - Nt - s ZRIEDZE R E R - AMEET
FIVEVIRE ZRAS - HL o0 1 SRR B 7 A T s (E LA A E R G 2 2
B 5 e -SSR e ® 2 54 - EAKEM - BRIt e iiE
A - AR EFESEMRD 2 5 dwmih A FE A RE DR - 6 s e 3SR
HHEEWEICE 2R - R ERERE - AREREICEREEEHEER -
(B P 3 rh R B e 5 i EL i s HL G R R e i L B 2 = (e
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Effect of continuous application of the same organic fertilizers
on soil properties and nitrogen and phosphorus fractions in
greenhouse after 25 crops of leafy vegetable cultivation '

En-Tsun Chou 2, Tzung-Han Lee 3 , Yan-Ru Wu 2, and Ren Shih Chung 2,

Abstract

The organic fertilizer is an important material for fertilizing the soil. Organic fertilizers which
are composted from different organic sources show different effects on soils and plants after
applying to the soils. The objective of this study was to evaluate the effects of different fertilizers on
the different fractions of soil nitrogen (N) and phosphorus (P) in the soil of leafy vegetable
cultivation after 25 crops continuous application under greenhouse condition. There were six
treatments, including: 1. Applying cattle dung compost (CDComp); 2. Applying hog dung compost
(HDComp); 3. Applying poultry dung compost (PDComp); 4. Applying soybean meal (SBM); 5.
Applying pea residue and rice hull compost (PSRComp) and 6. Applying the five organic fertilizers
mentioned above in turn (RotAPP). All treatments were repeated four times and arranged in
randomized complete block design. After 25 crops of leafy vegetable being cultivated, the soils
were sampled for analysis. The methods proposed by Bremner and Sui and Thompson were used to
fractionate N and P, respectively, into different fractions. The results indicated that different organic
fertilizers had different effects on soil chemical properties, N fractions, and P fractions. Treatments
of CDComp, SBM, and PSRComp resulted in accumulation of inorganic N, available P and
potassium to very high concentration. Continuous application of SBM results in the soil decrease in
pH value, organic carbon content and total nitrogen content. The disadvantage of continuous
application of one kind of organic fertilizer could be avoided through application of different
organic fertilizers in turn. Long-term application of different organic fertilizer not only change the
concentrations of different fractions, but the proportion of different fractions of N and P in soil,
respectively. In summary, soil testing before fertilization is very important or will result in

degradation of the soil.

Key words: hydrolyzable nitrogen, nonhydrolyzable nitrogen, sodium bicarbonate extractable

phosphorus, hydrochloric acid extractable phosphorus
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