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(Kaur et al. 2005; Masto et al. 2006) > [ [d]
A REREZEIARE -

T B Y SR E S By A B AR (Warren &
Whitehead 1988; Kelley & Stevenson 1995) >
i A LB ERETEZE TEMERAES 0 R
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tic Dystudept) » B i Fy 3 £ - GlEg Al 13 2
pH fH 55 5.3 (1 : 1 £/KEE) ~ Bray-1 A X H fk
14.8 mg kg ~ A 12.5 ¢ kg' ~ 485 1.1 ¢
kg THESEEFACHAA & (cation exchange
capacity) % 7.4 cmol k' (1.0 N neutral ammo-
nium acetate) © AZHAMESH ~ $HEAEE ST R 74
625 B1 149 mg kg™ -

BB E 1995 4 8 HBGHET  ABHE
TR 0.5 ha o ARellgtkin R4 9 F ~ Kigsli £
SRR 9 WIE 138 55 I8 WIEZ1FYI Iy
JKAE « 72 2004 £F 6 25 18 HIfE/EPIUIERR £%
ERIE (0-20 cm) T8 - B/NERR 4 EoekEm
R — &

i B E Y R & {F KR (Oryza sativa L.,
cultivar ‘TNG 67°) K {EEK (Zea mays L.,
cultivar “TNG 17) « { I 2 FERE R (0 22 A e} 21
AHEE LR o (LEAERE R B e 8 (TRLAE /K ek
Tt FH) ~ PRZE (FEAE oK 05 i FHT) ~ A8 36 e 55 1

*1. BEHEZFIERAR -
Table 1.

Nitrogen application rate of different treatments.

FALHT ARG AR A RS R ~ SRAE (5
K = ¥ E Trifolium alexandrinum L. 3¢ FH &
Sesbania roxburghii Merr.) FJaie o sl dhag
JE 7 A B B AR 1 2 (1) R 2 $HHE4H (K
5% CK) ~ (2) {EE2 & & (fL5% Chem-N) ~ (3)
HEREE (5% Comp) ~ (4) HERE BB F &
13 FREFHEHLAE (L5 Comp + 1/3 N) ~ (5)
HEAE BB EE SRR 23 SR E A E ((U5E
Comp + 23 N) ~ (6) kA ELL 22 F AL & 173 &
AR S LB IE (fR58 GM + 13 N) ~ (7) JE R 8l
EEEREE 13 EEHELAE (U5 Peat +
13 N) - {RE2 S AR & AR = 222 (N-P,0,-K,0)
2 it P & A FEAE E oK B 140-80-80 kg ha'
TEHE /KRy 120-60-60 kg ha - H &R pE HE
FEHIF AL ENR2 - GRE 4 EE
EsE 2 EERY] > NEHERE R 20 x 6 m®
S/NEZ AL E R R R s R R o
B A i A 2 SR AR A1 - o fth pl R 85 it FH B R 22

Application rate (kg ha™)

Treatment Corn Rice

CK 0 (without fertilization) 0 (without fertilization)

Chem-N 140 (urea N) 120 (ammonium sulfate N)

Comp 140 organic N (as compost) 120 organic N (as compost)

Comp + 1/3 N 140 (compost N) + 47 (urea N) 120 (compost N) + 40 (ammonium sulfate N)
Comp +2/3 N 140 (compost N) + 93 (urea N) 120 (compost N) + 80 (ammonium sulfate N)
GM+1/3N 140 (green manure N) + 47 (urea N) 120 (green manure N) + 40 (ammonium sulfate N)
Peat+ 1/3 N 140 (peat N) + 47 (urea N) 120 (peat N) + 40 (ammonium sulfate N)

*2. B9 FEZHLE -

Table 2. Total amounts of fertilization of different treatments during nine years.

Treatment N (kg ha™) P (kg ha™) K (kg ha™)
CK 0 0 0
Chem-N 2,340 550 1,050
Comp 2,340 2,254 1,590
Comp + 1/3N 3,120 2,254 1,590
Comp +2/3 N 3,900 2,254 1,590
GM+1/3N 3,120 892 3,950
Peat+ 1/3 N 3,120 790 1,350
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PR AE [F] &2 AV L2 BR A B AT - ROREA/KRS
Z BRI DR A A T3 > FORZ PR 50%
B - 50% ik 30 d B KRG #
AE 60% = HELAE > 40% AR % 20 d BT -
PRAREE—A{ L2 D1

PRERIE - B /NE BRHL 3 I 55 B & (sub-
sample) » 4H % —(EE & 5L (composite) o 4%
JE\RZ ~ PEHF G 20 mesh 2 ERi4d - B A i
R i o WETRE ST - DR (-
7K EE 1 : 1) (McLean 1982) ~ éfI fll /K % & &
(Rhoades 1982) - ﬁ%ﬁ)‘ug%ﬁmﬁﬁ%mﬂmﬁ
(Model 1010 O.I. Analytical, Texas, USA) ~
FUEFE (Bremner 1965a, 1965b, 1965¢) » Bray
1-P (Olsen & Sommers 1982) ~ Mehlich IIT A]
ZHUCZ $7 - 85 ~ $ - #8I5E (Mehlich 1984) -

IR DT

H55 (Bremner 1965a, 1965b, 1965¢) : Ff
H1.0 g REERMEE > A2 mL L8+
7KEFE 30 min > 7][])\1 1 g o7 e HE T (B B -
Wi - il = 100 : S1)~ 0.2 g KEGEE R 8
mL R H?%LTQ h0 0.3 g i (B B 5

(Na,S,05) » £ 350C N7 fi# » 47 fift i LAZA 6 A
EE °
MHEER (BLERA + THEERES) (Bremner

1965a, 1965b 1965¢) : 5 gii%é L 50 mL 1y
2.0 M EAL#AIRALEL 2 h» 08 - DLZRERA

EE e
E & fe & & 4> (Bremner 1965a, 1965b,
1965c¢) : Z<<< T&%hﬁﬁy{ﬁ 13120 mL 6

N @5/@/@2 £ 110-120°C N %6 ~ R (re-
flux) 12 h » 15+ /KK (soil hydrolysate) »
FHHE S RIRERE -

] /K fEE S (total hydrolyzable N) @ =
L KRR o i o A o3 e e
FORBi B 7 i ERE » IZEBHEER » (1)
T7J<@ﬁ§§ HE %, (hydrolyzable ammonium-N) :

KRR A E SRS MgO) » DA
BUAEE o (2) nKfEsE R e A ERE E (hydro-
lyzable ammonium-N + amino sugar-N) : &
7J<@§7T§Z HDA%M - WL 4% i 10 mL >

DAZEEEE & - (3) B ABERE & (amino sugar-

BesH H3W

N) © ] 7Kg 5 e B B s S 2 (B R 2 BT /K i
BEE - (4) FEABEREE (amino acid-N) (Horwitz
1980) : 7 & /K fig /g AET —BF (ninhydrin) 3
B2 tEEEER o (5) A o] Pl v Kfig
& KRS E T KR REE - R R AE
BRI AR R

A KIEA
AN
BRI DA

DI Sui et al. (1999) F 5l % B & 45 &5 -
(1) 0.5 g A EZ - & 7 30 mL Ay 8L
A28 mLHyEEETF /K JRZ 16 h» 2,862x g
B0 30 min 0 JEHE (0.45 um) iEE > DUSHEE (5
E B (Murphy & Riley 1962) » 7K 5% HI Bk
(H,0-P) - (2) il A 25 mL 0.5 M pH 8.2 7 fi#
e @M TS Ll H 3 2 B E T - IRE
16 h » 2,862x g B 30 min > JEFH (0.45 um)
HE o DASHEE AN - Rl i G0 EA 25 HU ATk
(NaHCO,-1P) = (3) i1 A 25 mL 0.1 M & & 1k
AR Bl FIE B LE T RE 16
h > 2,862x g B0y 30 min > JEE (0.45 pm) i
JE 0 DUSHEE R MEE » Ry & &L o 22 I 14 1
(NaOH-IP) © (4) il A 25 mL 0.1 M ESEE 7% 5>
FHOOR LB OE T 0 RE 16 h 2,862x
g B0 30 min > JEAE (0.45 pm) #EE > DASHEE
G - R EREZXHUE (HCI-P) - (5) IR +
BRI A DEES > A1 mL 1N
FALEEAE ~ 5 mL EIREE > 360C N INESY il
lh> ﬁi% %ﬂ 7][])\ I mL /‘tEtI: E&l (/J?EJILPEAZ
70-72% &M = 92 1 2) » 360CHIZN 5 min HY
HE &% 50 mL > DUSHEE AN BE > R erih
(residual-P) < (6) 77 7l HU b F% & # J E E AL $A
ZZHUR 10 mL HvelEF » PL0.4 g AR
% 8% (ammonium persulphate) [(NH,),S,04] &
e B T E Lo % (BL103.5 kPa - 121C5
AHAE 60 min Kz 90 min) » DL 1 N S E(LA
R % pH 1% > DASHEE Z MRS > Rl 93 B R Bk 2
FINFI R EACINE A 285 - A LLORE 23 A0 bR
e i < 9 B0 43 81 b B ZE S e gl - ﬁU%%‘JﬁFﬁr
B B 25 HUA 140 (NaHCO,-OP) B E AL
ZZHUA 1% (NaOH-OP) - (7) é,mu Kjeldahl

SR T KR 2 R LR
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By iR > DISHER
1982) -

MET DT

Fr A &R DL SAS U A8 # 1T ANOVA 77
1 B DLEL B IR % 2 5 EE 8O E (Duncan’s
multiple range test) » [LEG X R 2 = H o
e A Bl I B - AR RS - DL R Bray-1
B ~ KEZEEUWE ~ BB S A A5 U EE - &
FALINEE AU - BIRRZXHUEE - TREREE - ﬁ
P bE S oy B LI AR R R Bl (R o HEATER
1 EF 5387 (linear regression analysis) ©

TR AT AR

L5 M E (Bremner & Mulvaney

TIETE

&R 9 KR HiwfER - B+ 5 pH (EIE
5.26-6.04 Z [t » DL Chem-N EH fZ (K - Comp
i i (% 3) - E B A M (acid-forming N
fertilizer) 7 78 ] &7 & B\ 3% pH (& T [# (Lee
et al. 2004; Kemmitt et al. 2006; Tan & Chen
2012) » ZA0M » Ab7eE HER S 9 F 18 {F
% » Blitin s 5 pH {E (5.30) ML > WRE
B8 pH E NEES - EZEBME (A
PR ZE Ry MR FERE) ~ - 432 Y % o 4% 187 ) K R 2
HEEE A AR -

1% EC {E#94F 0.41-0.52 dS m™ 7 [ (%
3) » BURIEAE CK}*‘E’E?{EE e A [E] Y iR
HEAEEZER BN REE 2 #E (Jack-
son 1958) » B A 5 B FH A Tk A & R R s 7]

VMR o
TIEAMEORE AR 12.0-13.2 g kg~
(% 3) - DA FHHERE BUE [ 2 4 i B s
NI 4 IR R ESET 2 BE AR CK >
Chem-N 1 GM + 13 = jig B (% > L 3 R 2
MRS 2 B 2 52 - HIRAARIRY 2 1Y
ME#RENMIZ T EP 2 ARENEHE
HEZAHE AL LR 52 5 70 fi# (Niklsch & Joergensen
2001) » 2R H e 7 AE B LIEA KIS & -
JEF LR mHE - HARE R BEYE
BB BLATA WAL R B M = > /£ Chem-
N pgEE T - [Ol5F R A B - AR E 8 R
DRy A ZALEE EAE R % S fE (priming
effect) (Kuzyakov et al. 2000) [ ¥ jin +8EH
PEBRAVFE AR > FhEE Chem-N FRH 7 1 885
TRFERS R dA 38 BImTEREABEIR S -
PRE - BN E R R R ARMEOR
4 - Mehlich 3 ] %% HY # % ¥ 7F 63.4-95.3 mg
kg' 2> DLGM + 13 N EHEE S - HX )k
Comp ~ Comp + 1/3 N~ Comp + 2/3 N Ei Peat
+ 1/3 NVUEH » jff CK Bl Chem-N [ Jiz B ¢
fEE Mehlich 3 B[ ZEEY$5 2 S B 563—1,636 mg
bR CK BB AN - HER R 3 9 1E i AL 2R
):HEH§WH§BEA$EW§§@ Jii FHHERE . 3 R 3
AR & A $5 - 28267 Mehlich 3 AT Z<HY
$5RSEIG AN o 1 18HY Mehlich 3 FIZZHUEERIE
7 111-234 mg kg™ 2 B » 75 B H i e R 3
RS > 1 CK > GM + 1/3 N £ Peat + 1/3
N =R EEE » SR [E] FR) i B 8 R B
FE o KR 1 Mehlich 3 ] £ HY g 2

A
F3. HEIEAR(BEME (—) -
Table 3. Selected chemical properties of the soil (1).
pH EC Organic C Total N Total P

Treatment 1:1 (dSm™) (gke™h (mg kg™) (mg kg")
CK 5.74 be* 04lc 120b 1,336 ¢ 527 ¢
Chem-N 526¢ 0.48 ab 12.1b 1,367 ¢ 665b
Comp 6.04 a 0.44 be 13.1a 1,986 a 1,127 a
Comp + 1/3N 5.85 ab 0.52 a 13.1a 2,126 a 1,178 a
Comp +2/3 N 5.84 ab 0.48 abc 129a 2,035a 1,109 a
GM+1/3N 5.45 de 0.41 be 122b 1,572 b 667 b
Peat+1/3 N 5.55cd 0.48 abc 13.2a 2,021 a 741 b

“ Within columns, means followed by the same letter(s) are not significantly different (P = 0.05) by Duncan’s multiple range test.
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4. BEEAESENE (D) -
Table 4. Selected chemical properties of the soil (2).

65 % 531

Meh-III K Meh-I1I Ca Meh-III Mg Meh-III Cu Meh-I1I Zn
Treatment (mgkg") (mgkg" (mgkg") (mgkg") (mgkg")
CK 63.4 ¢’ 563 ¢ 11l ¢ 1.64 a 224c¢
Chem-N 65.1¢ 989 b 182b 1.65a 4750
Comp 843b 1,636 a 234a 1.02¢ 8.94a
Comp + 1/3 N 84.4b 1,620 a 226a 1.08 be 9.65a
Comp +2/3 N 78.7b 1,565 a 226a 1.13 be 9.282a
GM +1/3N 953a 648 ¢ 119¢ 1.63a 3.0l¢
Peat+ 1/3 N 82.8b 851b 128 ¢ 0.69d 2614d

“ Mehlich III extractable.

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

SBRABEEER AT MR AR
SRR e S 5 B B T 2
O » R+ (retain) [T 4654 HEH
HATRE  HE R HEBE 2 B 18 Mehlich 3
TR U B BRI G BT B L
b 8 ELR S FLE A R - I LR B
i s O B ) B R (U
B -
RO
FREAARSGREOTES —  AEE
PP S NS H Y
HRENLHIED » A BHEEYE ERE
MESETFZ— - LETORAL S B
B o SRHERS MR R IBEAE R 5% (Warren
& Whitehead 1988) - 3£ 3 B/~ » 1F Jifi & & fH
ST - HEHERE 2 Comp JEHLY +HB4%
P BECE B D HE PR (L2 BB Chem-N R E2
BRI EUE S YRR B R
i 2 AR 4, B R S LA 2 € e £
HECF B TR FEL - IR B Chem-N &
FLB CK 53+ 8 0P 1Y) 4 L S e e 2
B ARG BT 9 18 HIFHRFTEA
F B R P R - B - AR
FERCBRELA RS RmE
Gt EEER RS LR R
£ BT BB HE 69 (L 5 4 R R
BE4E4R 1 ff Comp + 13 N~ GM + 13 N -~ Peat
v 13 N SR AN S B EAEN - |

Comp + 1/3 N Bl Peat + 1/3 N i 7 + 1485
REHEZ E N GM + 13 N o 45 a0 B 4k e
SR EELIERNER D > TSR &
RUFHAT - FERVE S B RE 7 i fH i Ry 4218
&k AE R PR aR 7y i (R R R N BB AL > EAE
FHE(GE2 EAEAETEL -

PSR A © TP MRS A (inorganic N)
TERHIREEMEEE - T pHE RE -
KB E RN T B g ERLEN - AR
EH R RS RS AHE AR > HEHE
BEIK - BUR/KRER S 1% T iy i e E
FIRYE - EHEEREZEZEEF > Comp
FRIRHREBE S Chem-N (R » BUREF
T 1 358 o Y o A O R A R AL T 4 1 T IR A G
EHYEE - Flowers & Arnold (1983)  Chen
& Lee (1997) Z 5545 5 80UR » i FSEAE il 42
FEIEEARE - IR HEAE RE(EERE
(potential) » Peat + 1/3 N R HHAY | SEAL G AT
& HEEREEARE N RE RS 0 TR
HAGEL -

AR - TEPARES TEFENE
HE - %% - BERAREEE % > g
BN - 25 BRAHRSEEZ A
HERE R 54 2 97.7-98.7% » LU HE AL B2
& 7 VY i PR 82 = s CK ~ Chem-N EA & it
Fr > GRAE 2 B B AR = Y CK B Chem-N
MR < JERA F iR > ARG EE PR
i 2R ik B & (Eklind & Kirchmann 2000) °
7 & it FHHEAE IR ] BRI AR E - &KL 94
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5.

T SRR AR - A REAN TR ERE -

Table 5. The concentrations of inorganic nitrogen, organic nitrogen, total hydrolysable nitrogen and non-hydrolys-

able nitrogen.

Inorganic N Organic N THN” Nonhydro. N
Treatment (mg kg™") (mg kg") (mg kg") (mg kg™")
CK 22 d" (1.6)" 1,314 ¢ (98.4) 782 ¢ (58.6) 532b(39.8)
Chem-N 26 cd (1.9) 1,341 ¢ (98.1) 895 d (65.5) 446 b (32.6)
Comp 46 a(2.3) 1,939 a (97.7) 1,105 be (55.7) 834 a (42.0)
Comp + 1/3 N 28 bed (1.3) 2,099 a (98.7) 1,230 a (57.8) 869 a (40.9)
Comp +2/3 N 40 ab (1.9) 1,996 a (98.1) 1,179 ab (57.9) 817 a (40.1)
GM+1/3N 36 abc (2.3) 1,537 b (97.7) 1,019 ¢ (64.8) 518 b (33.0)
Peat+ 1/3 N 29 bed (1.3) 2,092 a (98.7) 1,168 ab (55.1) 924 a (43.6)

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

¥ Within columns, means followed by the same letter(s) are not significantly different (P = 0.05) by Duncan’s multiple range test.
* The number in parenthesis is the ratio of N fraction to total N in percentage.

it 1% B JE iR 2 RURAH AT (58 5) - (&ML R
AL e DRIV 0 7 = DR AR i At 2 i 38 v 1 2 (]
ZTEPNEYREERS (ERAR) 0 A
It A P B 1 Y A A R A R AR E T B E A
o mEREHRPMEEEE 2 (2% K E (Kuzyakov
et al. 2000) J i BRI R {7 40« BfE 28 4R A L 3E
AR EJE R 5 53 % > {HEE Chem-N R B LR - /)
BHEBEIEARENER -

AREBENE2NETE T EANAN
P FFEMRTEL  REFEREE 24 H
TEAREEAEHEZE (Allison 1973;
Campbell ef al. 1986) - Asami (1971) Z W} %%
BUR » RN A L2 S AE B0 22 A B B A
H o g {e (L IE A EYEEER  Ei
BB AENAREEE D -

ALK R A 0 A KRR 2 E S SR AT BRI
55.1-65.5% (£ 5) (F 19 5 59.3%) » L K ]
KIRE (F9 8 40.7%) 492 20% - T KIRE
WY B R a %L %, (Keeney & Bremner 1964;
Ferguson & Gorby 1971) - it H{LE2 S H
TS LR EE R TR AT Y CK 3 2 £ By o] /K fig
PERE S » 1M CK Bl Chem-N [y iz HY4 1#%
BERES T 2 BEEZER  BURHAC O 8
HYEAE BY » Tt FH e B R (5 BT 7K g B B K e 5
s hn - KRR G AR E LIS R - i AL
SE {5 T /K i S o5 AR E AV BRI BS A © Puranik
et al. (1978) K Xu & Wu (1991) HJHT%¢ th 28
T JB A BT 2 1 AT K i SR E S Rao & Ghosh

(1981) ZB7e AR » A i AE A & (5 7T 7K fi &
REFEE (7T F£AFEERE 12%) » MEH K
g A AR HMHURH T R AR R AT K AR
FERE T 5 90 (Rendig 1951; Keeney &
Bremner 1964; Ferguson & Gorby 1971) -
i 3 P sz S A B A0 22 S A 2 FH Y 3 e R 3
L Comp + 1/3 N g H i v /K iR 4= E B B
= 7 Comp R H » 1fif Comp + 2/3 N Ji& FH 7 2
[E81 Comp FRIHEEREMS T 2 HE R (HZ
Comp + 23 N jzHiI A m YA - BURHERL S
(CEEMEAL A - Ao R KR o [0 G
LAY EE B ES I - Keeney & Bremner (1964)
K Bharadwaj & Omanwar (1994) 7 iff 5% th 58
T RIMCEEAES AL - AT8g 4 58 w]
KR - ARE R B LR L A > 188
ALK SRS ML B LR R E 2 - i FH [
HEEEREARE 2 R HEAER > JEREEALL
2 FES AL o PR 5 o A2 L it FH AT e S B & B
i PR B I N ] KRR 2R (2 5) « AW
IR Bremner (1965a, 1965b, 1965¢) #EH DL
FALEVRIFF Sy HIEERAYITE 0 KR KR
FEETE ORG-S REIR o Tt
P AE 58 10 AT 7K e S 1 7 2 e Ak e R S B m K e
HREEURE -

KRR © R K S S S AT ER B By
32.6-43.6% (£ 5) CEH 5 40.7%) » i 0H 1%
o 40% BB R R H A A 5 A R R R
Chen et al. (1977) WY 92 [F & B~ LR
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Table 6. The concentrations of different fractions of hydrolysable nitrogen.

Ammonium-N Amino acid-N Amino sugar-N Unidentified-N

Treatment (mg kg™) (mg kg™") (mg kg™ (mg kg

CK 263 d* (19.7) 341 ¢ (25.5) 46 ¢ (3.4) 106 b (7.9)

Chem 279 cd (20.4) 361 c(26.4) 45¢(3.3) 141 b (10.3)
Comp 347 ab (17.4) 403 abc (20.3) 46 ¢ (2.3) 307 a(15.5)
Comp + 1/3N 379 a(17.8) 496 a (23.3) 61 bc (2.9) 389a(18.3)
Comp +2/3 N 382a(18.8) 441 abce (21.7) 64b(3.2) 403 a (19.8)
GM+1/3N 318 be (20.2) 372 be (23.6) 66b (4.2) 299 a (19.0)
Peat + 1/3 N 363 a(17.1) 472 ab (22.3) 122 a(5.8) 315a(14.9)

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

¥ The number in parenthesis is the ratio to total N in percentage.

A KRS HYEE 2 20-40% o N A KRS it
G E R BAEYEREREE S
RIEEE A K SR S (L (Keeny & Bremner
1964) » H G @S EL G pE LA RE Y
fRIVARERE IO Bt - R 5 BURA OKIRE -
L e B BV 5 > DU e B 5+ 7T [ U
Rk EZ4aT 2 #E %= % DL CK » Chem-N }
GM + 13 N =R H &K > [t =R IR ZELR
P B E R - AR R RS
ZRBRIE  gmtTEAREREEL - &
MRS EEIL A 2 R (GM + 13 N R 3) »
HARTK g SR A A AR [E | & 2 HAth A 1%
EHRLE R (Peat + 1/3 N B Comp + 1/3 N &
) > SRR E SR 2 AR LA e
R Gy fE o Gk 553 % > TS R 38 S E -
HERTE 4 at b2 AR > Peat + 13 NI
Z AR KR EERE & Comp + 1/3 N EH
HUR{ERHE I (apparently) - Jiff FJE 5 & +
B R E K R G N 2 A AR o T AL A A
HHZALEEEAA & T E PR KRR
& (%5) -
BREY DA

Mk - HEAmESRE - K EERRE
FE BTS2 28 (Dean 1949; Smeck 1985) « A 1
1% p ol K A3 A B LURE P S RUIR BB A7 AE > (RIE
- 15 4t & B ] B ARV O R BB & &
AR - ARREUR 0 IR 9 FH
fEZ 1% » HEEAERRE (R 7) M AEKH =

B G ERHRE (- = 0.988, P < 0.01,n =
7)) BURBRAEE TR R o R RS +
B R B A AL 2 R o BN
AN Z BEIE - TR E R &R = Y
Bk o B FH 3 A R e AP B T 22 S Ak A R B
(Comp ~ Comp + 1/3 N~ Comp +2/3 N) » H4&
BRREEE SN HAEEE R =REE
W A B MRS - i GM + 13 N &
BT A 1 R & BfEHL Peat + 13 NRHEZS »
B2 T IAARE AR T AR - HEFEE IR SRR
PR oy g o i 58 B A R I R BRI
VIR -

B34 - 13 Bray-1 B LA CK fR R (K
{BEL Chem-N Kz Comp Wiz R EE 4T 5T & i
(R T) e AW > B4R 18 2 Bray-1 B
(14.8 mg kg™") L - CK FREELLHE 9 A i AT if
MR HA KB RA KAV 1 g
H EA A REAY BEEEEE T 2K (Kapoor et al. 1982;
Richards et al. 1995) ; Comp & ¥ jitr A AVEELE
Chem-N FE#% » {H¥f Bray-1 g B8R K -

D o IS e o P B AL B SR AR SR R
-+ 15 Bray-1 %L Comp + 1/3 N B Comp + 2/3
N [ iz B e s 0 JE L H pH (HES (KA RE -
Verma et al. (2005) 2 4554H[5] - Reddy et al.
(1999) Z W7e/RE R EAE 2SI - &
{56 T3 R B A - B Comp + 13 N 4p
GM + 1/3 N B Peat + 1/3 N [ iz ¥ 1 Bray-1
GRS AR ES G 2 EERE > DL Comp + 1/3
N R - BT &M AR B 2R %
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Table 7. The concentrations of water soluble phosphorus, available phosphorus and total phosphorus under different

treatments.
H,0-P* Bray-1P Total-P Recovery

Treatment (mg kg™ (mg kg™ (mg kg™) (%)
CK 3.4¢ (0.6) 17.8b 527c¢ 106
Chem-N 4.0 ¢ (0.6) 305b 665 b 102
Comp 16.8 a (1.6) 373D 1127 a 92
Comp +1/3 N 16.1a(1.4) 653a 1178 a 97
Comp +2/3 N 15.6a(1.5) 66.2a 1109 a 95
GM+1/3N 5.8 be (0.8) 319b 667 b 108
Peat+ 1/3 N 7.3b(1.0) 344b 741 b 104

“ H,0-P: Water soluble P; Recovery: Recovery of fractionation.

¥ Within columns, means followed by the same letter are not significantly different (P = 0.05) by Duncan’s multiple range test.
* The number in parenthesis is the ratio of P fraction to total P in percentage.

(2,254 kg P ha') Z4h o [EELEHE Y HEA
B < MR 2 itk PR Rk Bk i [ A T e el A i b
215 (Chen 1995) »JJg 5 B4k HE 2 SBURE Rl /)N
GM + 1/3 N gz Hfirl AHJWELD Peat + 1/3 N
¥ % > {H Bray-1 BRI #H 37 - Singh & Jones
(1976) Z W52 8&UR » A HE N o=V + 55k
HI R R - BUETRE 2 R~ BRI R IDA
ZHWi e 8HR - Bray-1 Ak BLAERE 2 B4
PETEAERE (r = 0.856, P < 0.05,n=7) > B~ +
SBABEIE NN > Bray-1 A RIS G A0 -
IKRZEIBE ¢ A FERE B o 2 B Ry 92—
108% (5= 7) « AKBifl >~ CK g H 7 /K 35 Bk
ZEA Comp R H - {HEL Chem-N JE F K47
ET 2 HEIE A o Chem-N Bl 7 7K ZEHU B B 5
Bl CK B REH T < BE AR - BIHEATEA
F 7K P 3k 2 A 1 1) IR WSO ) B A 1 33 o 2
SR A TERYE 5y  Comp » Comp + 13 N
Comp + 23 N Z R # 7 /KB VEBRR FE R4
St EEER > BRHAZLEEREZ &
2o AR EARENEE T > DL Comp + 173
N EHEEZE = Peat + 13 N B2 GM + 13 N [y
JEH > Peat + 13 N 2 GM + 1/3 N @i HI R
BT HIE AR  BURHER - SMERIERE
REARE M B KBRS 28R
[F  AEM e rEE 88 - AIEaZH
AR o] BERR AL - B /KZEHURR A0S A0 R A
K (Dormaar 1972; Singh & Jones 1976) - [
P HERE A 2 R B 2 B ELJE R R GRAE S - ATER(L

B ERIN% > {3 GM + 13 N R HEFT i
ARYBELE Peat + 13 N JREE 2 » Al KRB RAHE
HI&ER - BURAREEE S TR EE s
ERWEZE -

Bray-1 A3k EL/K v] Z2HURE (= 0.810, P <
0.05, n =7) 2EHFAER - B/ Bray-1 B 1
I K AT ZEHUBETRBG A -

fik 12 S ) 25 IS B T ¢ B B B S 2R
HUfm %5 (NaHCO,-1P) &9y Ko 16 4 A %5 1 bk
2 — E 47 (Enwezor 1977; Bowman & Cole
1978) » RIBRIE K 2 §5 45 & REWE S B oy $n 46
& HE B3 (Stewart et al. 1987) - NaHCO,-1P &
B 5 SABERY LE B B EE R ZE Bk (HCL-P) fo B8
BT (residual-P) AHIT » B2 S22 & 7 (F
8) © Chem-N iz Bl Ay R [ 88 2 = > CK R 3 >
BEU R i B T R 38 1E ) & e L B 0 R FE T
FE o S 4EERHYEE B R - Reddy er al. (1999)
JNA FH B Y B 9T 45 5 - PR 7RG BH it AE B B
B AH Ry it AL B B B R Y 0 5
SV BER o Comp JE P F e A B AE 25 17>
Chem-N FEH# » Ak Comp FEH 2 NaHCO;-1P
R BEE S Y Chem-N JEH - H 5480 AT L]
RIMEAT - BUREE A A HDRHE A B8 2 E B
NaHCO,-IP - Hountin et al. (2000) #9 i/ 5% 28
7 R MG P 44 32 S AE 5 i 1= 3 5 NaHCO,-
1P JRJE » 7 I PRIAK FH B S e A 25 R B3 T 250
ARG g P AR VA PR B, - o BB R 4 Bl
BEsn b &Y R ey - sash & 0 1 R ke
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Table 8. The concentrations of different fractions of phosphorus (P) under different treatments.

NaHCO,-IP*  NaHCO,-OP NaOH-IP NaOH-OP HCI-P Residual-P
Treatment (mgkg") (mgkg") (mgkg") (mgkg") (mgkg") (mgkg")
CK 75¢' (134 28b(5.1) 130 ¢ (23.4) 56.¢ (10.0) 119d (21.4) 145 b (26.1)
Chem-N 129 b (19.0) 31b(4.5) 203 b(29.9) 58 be (8.5) 112 d (16.5) 142 b (21.0)
Comp 213 a(20.5) 43 ab (4.2) 347 a (33.4) 67 abe (6.4) 199ab (19.2)  152b (14.6)
Comp+ 13N  226a(19.7) 41 ab (3.6) 385 a (33.6) 73 ab (6.4) 218ab(19.0)  187a(16.3)
Comp+2/3N  208a(19.8) 55a(5.2) 377 a (35.8) 69 abc (6.5) 178 be (16.9)  151b(14.4)
GM+1/3N 126 b (17.5) 40 ab (5.5) 207 b (28.8) 782 (10.8) 113 d (15.8) 149 b (20.7)
Peat + 1/3 N 149 b (19.5) 29b (3.8) 241b (31.4) 68 abc (8.8) 136cd (17.7)  137b(17.9)

“NaHCO,-IP: NaHCO; extractable inorganic P; NaHCO,-OP: NaHCO, extractable organic P; NaOH-IP: NaOH extractable inor-
ganic P; NaOH-OP: NaOH extractable inorganic P; HCI-P: HCI extractable inorganic P.

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

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

o BER AT AR HE A R B 2 NaHCO,-1P R &
S HY R A Z — o B o A R o R B AL 22 R
M3 fERE > T AR EAEE - H
NaHCO,-1P J& & B (5 Z8 5k 19 LE Bl 78 K 2 & 5t
CHEEER > BN Z 2R EATZE L
By bl R P AL 5 g 2 EE AR (= 8) o A AR [E
HiEEREEHMEAAEE =42 Comp + 13 N ~ Peat
+ 13 N GM + 13 N =@ > Comp + 13
N R ¥ 2 NaHCO,-1P S{ZF ¥ 15 » [ Bl i 3 i
ARIBEE % B RSN - BB ET g EH
& & 0 W Peat + 13 N fz GM + 1/3 N T iz ¥
Z NaHCO,-IP BfE RELET 2 HEER > H
GM + 13 N g3 A~ B8 Peat + 1/3 N Jiz
H % - NaHCO,-1P & Ji& 81 Bray-1 iR & (r =
0.859, P < 0.05,n=7) LEZ VAR -

EE (o LR VE 37 S R R AP
¥ (NaOH-IP) T Z/& - P i 1 sassE & nysk
B S 4R AT ER T B 30.9% 0 [ T CK g HE
4h > NaOH-IP 1 Fir A b B T By e K Z Bk & 73
(5% 8) © NaOH-IP it A T BIRR IS 8% - Ky
J& K & 5 1§ (moderately labile P) (Stewart et
al. 1987) - Chem B Comp [z ¥ » H NaOH-
IP R & B 5 N AR AR 2 B 1R 4H (CK) » ]
RIS B A7 AR s A o KA EL (5188 R 1R &1 53 > 71
S0 BB AR IS B S 1l NaOH-IP (McKenzie
et al. 1992; Zhang et al. 2004) » = it A 1 %
AR ANE LB 73 /D o BE FH SRR B M AR B AL
BEE ALY 3 Tl - H NaOH-IP JE[E K

BEg G2 EHEER  HEZHCESE R
By B 28l g 28
+ A I & 7 AL - Comp + 13 N~ GM
+ 13 N K Peat + 13 N =pE# gt » L Comp +
13 N @ ¥ 2 NaOH-IP JRE#: 5 » 0 F A A i
FHIRE#:% » GM + 1/3 N 2 Peat + 13 N Wi
MR~ NaOH-IP RIS RZ& T 2 BIEEZ 5
{H DA Peat + 1/3 N B BE = » |fj Peat + 13 N
B 2 Wi i A B /DY GM + 13 N a3 - BUR
TIEAERE M E BT LA TE -
NaOH-IP JEE 81 Bray-1 B =& (r = 0.907, P <
0.01,n=7) ZEZEHMEMHE -

W e AX IR ) 43 ¢ B S R AE EUE (HCL-
P) B LEPRRENEE - 2 ARG A
i (Williams et al. 1980) » % & + 15 pH {H
HESE A RE 18 DIEFESFRZINE
& - Chem-N & CK /i iz ¥ 2 HCI-P JE & &
RS2 EEER > BURRIENE 2 A 85
aEE > DIEMREREZAEHREZEAE - #
BEE > Z s BTN BEF R R RV 2
% A GHBEEZEAEE - Zhang et al. (2004) 2
WHZEIREER - R AR E R B o R iR e
HIGHR T & — 4218 2 X JE < Reddy et al. (1999)
J Lee et al. (2004) ZiH7E 0 8ER » RIIZAF
V) 2 4 B AE B B IR R R E A E
LN

B ot A P R S R B L 22 SR A S Y 3 FE R
HIHY HCI-P RS 2 HEE R - (LEEA
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HERE—EHFE - Comp + 13 N~ GM +
13N K Peat + 1/3 N =g » D) Comp + 1/3
N ¥ 7 HCI-P R s » o] i R it FH A
GEi% > GM + 1/3 N K Peat + 1/3 N {i iz H#
Z HCI-P BERES T 2 HEEZR > HLL
Peat + 1/3 N JEHN% = - Ifj Peat + 13 N EH >
B AR/ GM + 13 N g3 > JREf B 1%
HE > B A IR E -

GRERME ¢ FRERUEE] > K P Hh i R e LR 1R
BFEZH 7y BARFIMN =81 (ses-
quioxide) 13 7 #5 o e A i ~ B o B 55 £
GEOV SRS > DI TR E W A > o A
58 % 1= O o7 i 1 /5 (Bauwin & Tyner 1957)
HEHEY A MK (Chang & Jackson 1957) -
Oberson et al. (1993) FIl YR58 ar ik K H 77 Fy
A HLEI 2 ARE IR E - AW
R BUR LIRS S - (R P HERE 2 3 R
o HIBREBREI R —2 - FrA R 2 5Eek
Bih > DA AT SR A E - HerE AR
H AL E BT A R EIR 8L TR E
5288 1 B P TR R A1 2 LA B B Sy AU
Reddy et al. (1999) Z 587 REE 7 it FH i AE A
BRI e & 0 {H Halvorson & Black (1985)
W4 B B E S AR (regular fertilization)
2 T A7 HEARHBk T KN 3 R A B LR AR E AU S
ERWEE Y MR FRHWAIH - ERAEHE
B> {£ Comp + 1/3 N R 7 TR AR T4 R 8 81
e HEFEREA Z R HAr R B R R &
etz HIEERE -

A e - I Y bR B & 8R 25 HUA 1
(NaHCO;-OP) f & AL ZEHUA # i (NaOH-
OP) R i (KA I E#7r » NaOH-OP jE[E
AIE 7Y NaHCO;-OP » B A S8 LA TR &
2 58 Y B R 0 2 HUE 2% BV NaOH-OP Fp 27 -
Stewart et al. (1987) 1.5 NaOH-OP FEHRH
L&Y > BHEYREEET K - AR
[ i #H [ /) NaHCO,-OP A &1 # 72 5 » Comp
+ 23 NR#E e E - HepAIAHIT - NaOH-OP
DIARMEAE AR - DL GM + 13 N RS -
R ras KB - R ERE SN - A MR

B TIEPEEE . B FEEE R
A re B AR -

4=
A aM

K H i fE 4L 9 4 18 F 2 3% Bl A
EHEUR > (LI ADR N B IR R BTG
SEUERE I S o (L5 ] K AR R B S M
AYECBI BT+ AR ELE SR I L IR AR R ~ AR
REE ~ AUKIR R EA AR AR R, 5 B A I
% 2 (LB E AL AL fE b LR R AR AR
ZRGH  GRHE AT R B i SRR R B KRR
HERC P8 e BB RE B B ADK RS RE RIS T
RIE B B S 7 A T 2 Y K S e B R
TR Z 52BN o it P el AE G b o o3 M R A X
o W TF 2 AT T 2 sl i B 25 HU
Pt B o Loy A U AR R &1 0y > iR AE G &
L o SLWE ARSI e % o [HAHE
WEENEHILEA & 228 Rk
EHw L E R B - SFEZ > At
ELRURL AL R S B SRR R 25 1E > B3 LR AE
HHEEHE AR ¢ S ek ATAT AT 52 =
RS RKEEE (BIARMEE) 5 1M e
JERR S R TR AR R AR R HI
e BEOEN > Effms > HEWmE[ -
bt EHAEREET - HitsmEHEE) > £
58 WAl S Al A ST - B P HERE T =
PRl SE I LA A - fETT TR R B
Wie A FERERNETTIE o MRS 2 B
HARM S EA QRS BN &R R
G BURHE A HERC B 0 i LI R -
HIEMH % - & AR e iy LAy i ]
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e
AR FREITE e R R 2 Z 58 NSC 95-
2313-B-002-077 &8 &0 - sE 2 -
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Effect of Different Fertilization Managements on the
Changes of Soil Nitrogen and Phosphorus Fractions
under Rice and Corn Rotation for Nine Years

En-Tsun Chou', Chong-Ho Wang’, Ren Shih Chung’, and Chi-Ling Chen®*"

Abstract

Chou, E. T, C. H. Wang, R. S. Chung, and C. L. Chen. 2016. Effect of different fertilization
managements on the changes of soil nitrogen and phosphorus fractions under rice and corn
rotation for nine years. J. Taiwan Agric. Res. 65(3):313-327.

Nitrogen (N) and phosphorus (P) are the most common limiting nutrient on the growth and
yield of crops. There are many factors that influence the availability and transformation of N and P in
soils. The objectives of this study were to evaluate the effects of different fertilization managements
and application of different kinds of fertilizers on the different fractions of soil N and P under upland-
lowland (corn and rice) rotation for nine years. There were seven treatments, namely, 1. CK (without
fertilization), 2. Chem-N (applying chemical N fertilizer only), 3. Comp (applying compost with the
same rate as N of Chem-N treatment), 4. Comp + 1/3 N (applying compost complemented with 33%
of chemical N fertilizer as Chem-N treatment), 5. Comp + 2/3 N (applying compost complemented
with 66% of chemical N fertilizer as Chem-N treatment), 6. GM + 1/3 N (applying green manure
complemented with 33% of chemical N fertilizer as Chem-N treatment), and 7. Peat + 1/3 N (applying
peat complemented with 33% of chemical N fertilizer as Chem-N treatment). The methods proposed
by Bremner (1965a, 1965b, 1965¢) and Sui et al. (1999) were used to fractionate N and P, respec-
tively, into different fractions. The results indicated that soil total N and organic N were not affected
the proportion of hydrolysable N increased by the application of chemical N fertilizer. Application
of compost and peat resulted in increased soil total N and organic N. Furthermore, both hydrolysable
and nonhydrolyzable N increased. The chemical N fertilizer applied with compost had no effect on
the concentrations of soil total N and organic N. Application of green manure gradually increased soil
total N and hydrolysable N. The unidentified hydrolysable N and amino sugar-N were less affected
by different fertilization managements. Compost increased soil amino acid-N and hydrolysable am-
monium N. Different fertilization managements resulted in change of concentration and proportion of
different soil P fractions. Residual fertilizer P predominantly became sodium bicarbonate extractable
inorganic P (NaHCO;-IP) and sodium hydroxide extractable inorganic P (NaOH-IP). The greater the
P fertilizer applied, the more the increase in these fractions of P. The characteristics of organic fertil-
izer affected the transformation of residual fertilizer P in the soil. Residual P and hydrochloric acid
extractable P were less affected by fertilization management.

Key words: Hydrolyzable nitrogen, Nonhydrolyzable nitrogen, Sodium bicarbonate extractable phos-
phorus, Hydrochloric acid extractable phosphorus.
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