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1.1 WREER
RS X 46 76 VT 95 e 2 020 4T M U %

FITH A LB (32943 —34°06 N,118°12" - 119°36'
E) AEFEK & 894 mm ARV B 14. 8 C AR 7Y
R 1 634 mm, T IERAHEE A BHALTIL
TRE R (31°07 =31°37' N,119°31" —120°03' E) ,
AP R R K B 1198 mm  AESF IR 15,7 °C 4R
Yz it 1230 mm, BHERAUH B 1, - £ R
PRI LA B A~ M D 32 R VE B Rl IR
SEFAAE T WL 10N B 3% 5 5 i3+ 3 T 2010
A6 F /N WCHEN G 4300 R B WL B AT £ VR R
PR B) R a5 o SR AR B IR R BRAE W AR A, oo
<2 mm i J5 T 4 CFfE5 .

F1 il LB BAER

Table 1 Physical and chemical properties of the studied paddy soils

2R A BB

BOHL A

. CEC NH; -N NO; - N
Soil Total N Organic matter pH Comol kg~1) Clay content , 3
(gks™") (gkg™") 8 (<2 pm, %) (mg kg™") (mg kg™")
# J2 + Huangni Tu 1.35 25.7 6.20 10.7 11.1 253 17.9
% + Chaohuang Tu 1. 46 24.8 8.29 22.2 24. 1 3.95 52.3

1.2 {m8igit

SR I 5 A [) it 280 7K SF- 808 A 2, ] A )
XA 55 T 2008 — 2010 443 HIl 76 W 2 2 i & Fl 2%
AT o IR LT 3 AN AR B (1) Zb B 1<
A (CN) b3 (BP24 dhA BitE K7 ) 5 (2) b3 2
“WA(RN) b3 (K 23k 30% FALHE ) 5 (3)
AbFE 3 A (CK) A7 (Uit 45 5 i B B0 I , AN it
RE) o DL b & b B, HC o A () 4 A i 5 Y
M RAH o AR E— AN/ X H A AR BRI S A
HEE R 15 AKX, Hp &R AL NX
o M R 0. 07 hm? 548U AR BT /N X b i B
270,13 hm? ;45 “ Z R A H "/ X 5 o T ALK 40 m?
WEZERVE 2406 B e A4S 20k 1 hm? R
R A AU 2 A ISR IR R it A
W2,

TG IR ARG R, T 2010 T
TUN R R RS AR IR, B R AR
Ve - F0E o A R A B A AT R . A A
NH, - N f7ic,NO; - N I H %k B, i A NH,,,
NO, ("N F 4 20.15% ) ;B 41:NH, -N A% F
J,NO; - N FRid, i A NH, s NO, (BN F
20.23% ), NH,NO, it A& K N 100 mg kg ' (P
N 50 mg kg ™' NH, =N, N 50 mg kg”' NO, - N),
AR 3 REE , BRI 740 ¢ %0+

FE(HEFREE ) BT 250 ml =i, Wik3: 1 d e
TNARRIC I W 1 3 & K & 60% WHC (%
JEFRICIE WO AIKAT) VRS F T d
1.3 H#mRESSW

FH (8] /> DXl 36 o 2 b, 4 301 7 A 90 % b i A0S
H 54 0 ~20 ¢cm .20 ~60 c¢cm Fl 60 ~90 cm = )2 K
A HErE N I E - NH, - N ORI NO, - N ¥
FHULTHEAE D WcR 5 + 5E 5% B TC LA & 5 7 W) Wi
Ji 0 R KR B /N 22 Y R A U Ah, SR AR M S A3 A
PIRE ot BE T AR I 00 2 A ) R b 2 AR = DUA
EAEYWCR RN E N SRR R, 4 AR
PRICABWMAIG R 2 h 1 d.2d.4d.7dEBEEDNE
LHER NH, - N NO, — N i B HN F

- R RE A o A 5 (1) 8 pH: K
At 521 (v/v), ] DMP -2 Mv/pH 3l 5E 5 (2) 4
AR RO TF IR AE 5 (3) R R R HTBOE
ki B H1 AL M %2 ( Beckman Coulter, Brea, CA,
USA) ;(4)CEC:1 mol L™"[SFR B HEH; (5) A ALK :
1 A 7= 1 Elementar fii % 70 R 70 A1 L0 & 5 (6)
NH, - N fil NO; - N i B 4l L bk 5:1 A
200 ml 2 mol L 'KCl,F 25 °C 200 r min ' F7E¥% 1
h, 7€ 1R 4L U8, U 8 43 BT AL (Skalar, Breda, Neth-
erlands) I %2 ; (7) B W NH, - N £ R
MgO ZE18 7= A= NH, J5 40 I i R W WA Lk 45 ) [R) Aoz
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Z 1% 4% ( Finnigan, MAT 251) & ; (8) "NO, - N
K JHE NOy - N 4kl N, O J5 [Al i & JT 3 ( Finni-
gan, MAT 253) M4, (9) Elementer fift % 7T Z 4y
BT ASCIU 2 A AR R o 42 R
1.4 HEBEIHESLHE

FH ) /)8 DX 3k 3 o 6008 R 2% ok R A ik
B Ot 2 b 3R VR B ANE W i & (kg hm ™) — CK
Kb PR By M R (kg hm 7)) x 100/
(kg hm %),

PN P RE IR S - AU G A R A
& % F Kirkham Fl Bartholomew 4] & v | By Hart
ek g O R

[([NH;], - [NH;],)/t]log( APE,/APE,
log([NH 1,/[ NH ],

(1)
_ [(INO; ], - [NO;],)/t]log(NPE,/NPE,
log([NO; ],/[NO; ],

(2)
Xf,m R R (mg kg™ d™1) 5o Sy e Ja] i)
APE,:t =0 B} "NH, - N JFiF H 50 ;APE, .t = ¢ B} °
NH, =N JE5 1 08 [NH ],:0 =0 B NH, - N &%
H(mg kg ') [NH, J,:e =t B} NH - N % & (mg
kg ') ;NPE,:¢t =0 I} "NO, - N J§i 7 4> #;NPE, ¢
=t F"NO; - N JFH 2 #; [NO; - NJ,:¢t=0 i}
NO; - N % #(mg kg ') ;[ NO; —=N]J,:t =t B NO;
-N & (mg kg™ ) o

BUYE 53 M1 AE Excel #1 SPSS 15.0 58 i,

2 75 R
2.1 AREHIERERERNBER

FEARAS 5 B 26 M 2 1 K R /N 22 7 a1
L Y M A B A e P R R TSR R
2008 —2010 4F K H 3 560 ok H 5 24 Hb Ak A& it FH
HEAH YR R AL e R K R R RN 2
T4 N 60 kg hm * (£ 2) . {HE, 1EY
77 S Sy W SR e T 2 R R % 7 b R
AH Y B 30% A7 AR & kA b
PR TR E AR 7 B AR W b B 43 W I A
R R A PR 3 U I T M 2 A TR RUIE T
AEE A RN, To R A AL A R A b
P UYEAEYICEN S O ~90 em - 58 v ) i v % 25 AN
ZEMTHNARE /Y B E ST & T H %+ 5%
(p<0.05, F2), 5 E %M 1.6 {55 1.4 £
(2 2), Ut B Bk & 4% & A8 4 To ML U 2o ik 0k 55 i
AR . SCR 25 AR R W ,2008 — 2010 4FE 7K AF 2,
T2 <R L Ak B B A SR AN S ) AR
2 BT A B b BRI 83. 7% F 72.3% 5 Al BE, X T
INFE R ISR AL N U L A B v SR R
AT B AH Y T B 2% A I AL B 90. 3% Fl 90. 0%
(£2), Giilorprkm, k% + 5/EY 2R H %
BEMTEM T (p<0.05, £2),

Fz2 2008-2010 FEX(Y)FER(HHEXRFENT RELERAE FYREEEUARRERN B X
Table 2 Meanmineral N fertilization rates, N uptakes and fertilizer N use efficiencies of the field experiments in Yixing (Y)

and Huai’an (H) during 2008 -2010

. e gk ® R R BRI
Ab FR
(N kg hm %) (Mg hm %) (N kg hm %) (N kg hm ~?) (% )
Treatment
Y H Y H Y H Y H Y H
R JKFE Rice 240a  300b  7.95a 8.12a  189a 193a  18.3a  29.4b 28.4a  25.3b
Conventional N /IN#Z Wheat 208a 264b 5.83a 6.01a 164a 178a 49. 6a 71.2b 39.1a 30.8b
fertilization 4 Total 4482 564b  13.8a 14.1a  352a  37la  67.9a  101b  33.8a  28.1b
U AT JKF§ Rice 200a  225b  7.55a  7.95a  193a 187a  12.1a 20.3b  40.8a  29.7b
Reduced N /IN#Z Wheat 135a 181b 5.42a 6.00a 134a 172a 35.2a 49.5b 39. 1a 35.2a
fertilization 244+ Total 3352 406b  13.0a 14.0a  327a  359a 47.3a  69.8b  39.9a  32.5b

T Rl — AT AR NG SRR 3 28RBS 0 R0 A0 0 Ak B AE 4 A A e I G R AR U AR R A p < 0.05 KF B2 S

I %% Note: The lowercase letters following the values in the same row mean significant difference in N fertilization rate, N uptake and N use efficiency be-

tween Yixing and Huai’an in Conventional or Reduced N fertilization treatment (p <0.05). (DFertilization rate, 2 Crop yield, 3N uptake by crop, @

Residual N, ®Fertilizer N use efficiency (FNUE)
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2.2 EHERRERE"N FEMNTE. MRT 0

kR =R

BT " NH, ,NO, FI"*NH,,.NO, #4475 ic 7 1k 4b
b NH, — N FI NO, - N i B B 15 35 B 18] 19 78 4k
ARARL, DRI, BB A A i A 8 G AL R0 B Y - 1
HFRBE R R LA E WA (1), %5
FW brid N WA G 2h, B 2% 8 e 1 FE 22 )
# AP R NH - N 53504 20% F1 40% 7247 A
AEBE KC1 42U, 1M iZ B (8] 25 NOy — N ¥R B oK AH
L3, B, NH = N AR 9 5 Bk R X Fh
“THRTR EZIEAE, 2 h J5, FA £ NH - N
Ve BE Y 8 75 I () R AR B 0 NH, — N 7E i
R RERREE R T &R . 32 d 5, T
By NH, - N B SEARBRES 1A 2% i e +h
NH, - N 1E3i 37 7 d J5HAKER . MR HL,NO,; - N
VR B I ] S R R A LR 0 R ) A
T RTHE e . VEHITHFER NH, - N 3= 2 i iH
e # AL T NO; - N,

140 -

120

—=—NH,;"~H —e—NH,"~C

100 —D—NOJ_"‘H —O0— NO:‘-"C

80 /
60

40

20 \

ol L

TEHLG% &
Inorganic N concentration (mg kg™')

0 1 2 3 5 6
3% Incubation time (d)

~F @
<F @

L JmA NH NO, %305 5570 9 £ 58 NH, - N Al
NO; - N ¥ J& Bt 1% 77 I6F i) B 28 Ak (H B R 45 C s +)
Fig.1 Temporal variation of NH; - N and NO; — N concentrations

during the incubation after the addition of NH,NO;solution

(H: Huangni Tu; C: Chaohuang Tu)

&2 FE 3 43 5 3= s A PR bR g WS, T
LM L UNHS - N RIUNO, - N i H 4
G By 5% ] A AS 4k . fE S NH,,, NO, ¥ ¥ 4b B
HLONH, - NOJBCT 408 RE B R ) A AR
B (p <0.05) ;MM °NO, - N J5 779 43 8 bl 355 35 i)
[B) g E 1 (p <0.05), Ui BH [ 4% =F B s A0 B2 Y
NH; - N A TFRiD NH, - N JE L J% 75 o B 1Y
NO; -N#EAT NO; =N JE(K 2. K 3), MR,

TEA NH, s NO, i % WAL 38 b " NH, - N J§
F S B B B R ) A S m # (p <0.05) H
T HE B B R TR R b U NO, - N R
A 4 HE B SR A G R AR (p < 0.05) , UhEH A
REFEEEMFEREMR NO; -N#EA T NO; - N &

(E2.K3).
20

W
T

—a— NH,NO, 4t Bi~H

—e— NH,NO, 4t #i~C
—o— NH,5NO, b Fi~H

SN-BERTEH S E
NH,*-""N atom% excess (%)
%) =)

F —0— NH,*NO; 4t Bi~C

e

O_D/g———ﬂ-—_/

I\ 1 1 1 L L 1 1

35320} H] Incubation time (d)

2 finA NH,NO, W5 R 320109 R NH, - N
JEL T 53 R R I R A AR AR (H: B 45 Cl 3 )
Fig.2 Temporal variationof >NH, - N atom% excess
during the incubation after the addition of NH,NO;solution

(H: Huangni Tu; C: Chaohuang Tu)

20
—=— BNH,NO, 4t #i~H

—e— ISNH,NO, 4 #~C
—0—NH,""NO, 4t #ii~H
—0—NH,"NO, 4t #~C

15

PN-FEAS EUR T H 08

NO;*-"N atom% excess (%)

o 1 2 3 4 5 6 7
1432} ] Incubation time (d)

3 A NH,NO, W5 B 2 0 £3E°NO, - N
JELF T 53 R B R I R A A2 AR (H B 45 Cl B )
Fig.3 Temporal variation of >NO; — N atom% excess during
the incubation after the addition of NH,NO;solution

(H: Huangni Tu; C: Chaohuang Tu)

R M) R (2) 23050 338 T 4% 5 57 i 1] B
THE 2200 B ML % B R R A BT A R (m)
(K 4) Ay gemr A g =R (n) (1 S) Bl 8 I% it [] 19 22
fbo PRICIERIMAIG 2 h~1 d, Pifh PR E W
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WA b 3 58 3 ey T A s ) B2, U B s 0 9 VR Y
IMA—ERE gt T AR (E 4), 2
h J5 PP+ 38 b R R W0 ™ Ak o 26 35 Bl 5 5% B [
REARG , (FLBA IR A 3 0 o + K F o + (&1 4) o $5 3%
AR R m WAREE S N 1.1 ~4.5 mg
kg ' d ' MR L m BB N 1.0 ~2.7
mg kg™ d 7, WIE R B LT LR E T
WL (p<0.05), 5 NH - N 8y FEAH L, bR id
BRMARR 2 KN, ME LT nfE2h~1dA1
~2 d Ak EN 2 N 20 mg kg ' d ' HIN 14 mg kg ™'
A7 3 T AR R R SR I e B A B % HHE (p <
0.05) s8R0, Bl % fiS fbAE K NH, - N (935 #€,
TE b n B SRR FEACIT R (B 5) o A Fb i
S e o ARV R TR A e 9 iR S T N DR AR A
2 AL N 3.8 ~7.8 mg kg™ dT (I S5)
Z AR R B IR ¥ 05, W 7 Y ) 90m A R
K(N18.7mgkg ™ d )W EE TR (N6 72
mg kg™ d™',p<0.01),

HC BAH

ERIE A A
Gross N mineralization rate (mg kg'd™")

2h~1d 1d~2d 2d~4d 4d~7d
3% 3% i} 18] Bt Incubation periods
P4 R B9 {3 3 R 57 ) 4 22 Ak

(C:¥ 8 L He B 4 PR 2 N T 5T () b fE 2R
AIF NG TR IRTE p <0.05 KF L2257 BE)
Fig.4 Temporal variation of grossN mineralization rate during the
incubation (C: Chaohuang Tu; H: Huangni Tu; Bars indicating
standard deviation betweenrepetitions (n =3) ; Different lowercase

letters mean significant difference (p <0.05))

3 i ®

3.1 REVRTHLMBELEZREZMER

S A R AR, W2 B R RN A R
WEETHMERA (B 4,p<0.05) . HBEARM
O TR 52 B b S B R e, C/N pH DL K B+

25
BC #AH

20

EHIRAALE
Gross N nitrification rates (mg kg™'d™)

2h~1d 1d~2d 2d~4d 4d~7d
137 1E] Bt Incubation periods
B S Z83R W0 A A S B 5% i 1) e A2 Ak

(C:H 8 L He B 4 PR 22 O T 5T () b o 2R

AEVNE FRERIRTE p <0.05 K- 12257 B3
Fig.5 Temporal variation of gross N nitrification rate during the
incubation (C: Chaohuang Tu; H: Huangni Tu; Bars indicating

standard deviation (n =3) between repetitions; Different

lowercase letters mean significant difference (p <0.05))

TR WE LA R N b C/N B
AT 22 5 0 F2 ZOR IR, g TR A0 R E Y
B AHEARBEST b MR R RS £ C/N G
L, pH LA R BE + & 2 U (R 1) A5
RO, pH DU 5 BB IR R e i, (2
VERI A o i e S8 OB & & 40 ) - R R BT
B AH S - pH R R R R
B pH O RTRRL S B2 TR 4, i, A s
B AR W A AR T R R AT RE R
1o pH B A e A 14 08 A 5k T H R L X A
A F00 86 P 9 45 28

o T SR AL AR TR R B 07 4L — A2 W [ 4 55
YERI LA R R, T e 2R % A b i) — > %
AT AR R A A B SR AL N SR, O M
PRAHEY I RE R AR . 5 NHS - N A, e
YERIE ) NO; = N o 2 A8 40 25 5 W M) T B9 R
o {HJE NO; - N NH, - N 555 ) A 5 rhith ok
HEAHL R K, B A BT 15 e A, il Ak ad A oAl
AEAE I N, O, Jm & B A R 5L 191 5 A6 1 B A%
R, NO; — N 5 5 i S f A AR g JiL N, O Al
N, o FAEAE 32 pH G K 7r (i A 5T 2 2 A
FHm, b £ pH REEEMHE L 5
W], AE pH6. 0 ~ 8.5 JEHI N, i AL/ FHBE pH #1934
K0, FLAS A AR F A dRa® pH O 8. 51T R
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FEFERAE 25C FHEEE IR, Ko & 'K 60%
WHC, 35 572 554 R T A/ R 57T . B 2% e e
+ pH6. 20, 5% rf kT 7 3 3 + 4 3 pHS. 3, fhi i
P TERTEOLT, S ALY NH, - N J5, %
b - 48 ¥y ¢ B+ AR 5 0% il AR VR T, O R R A £
. MAR 50 mg kgAY NH, - N fE# 8 2 K
Ao A Bl o 68 46 /E H % 46 NOy - N, X 5 Wan
S PR RIT 5 45 F B T < Al B BIF 5 36 9 3 I b 4 R
I (pH =8.5) thn 52 B AR B 14 ) s Ak R
A 56 mg kg™ NH,” - N 7615 3% ) fif 3 % i) 4 k€
JT SR T AR BE S SR R Y BRI
WIS AL 2 5 pH [ A A G S RN W (H2 , &
) pH 7] fig 2 T B0 e i + + A R W gk
B T RS R b R E R
3.2 HMEVHTUMBAERSEEN A XL

EA

i FH RUBE 458 2% i 4% T B A 4% . O EE Y
b - A AR S e . X TR - ZRAE T
MRS, 25 5ok g &8k, YIREFHS
RIEHEA T 55, B — &8 4 48 & 4% A 2R Ah, IE K
REZ M TS B M EES R hTFIEYKR
WA R EL e SRR I PR S [ 2, R i B I g AR 0 0 )
NO, - Nl TR st R IR 4 7 gk vk 2= F 2 3w
AREHAED W R o 2L 2 4R R I SR e 45 R 3%
B, FE AR AR L A K R /N2 = s A LT, e %
R T - A 0 5 TR R (R 2) o MR W TR
Pl IS 0 ~90 em 8 ¥ 1 vf 9 TE ML R BR B
FEETHMHH(FE2,p<0.05), 5K M ILH A
ANReRE T FAEW A A, M AR 7T 68 38 1 ikt | s il 4k
GEEMEEB R, X F R R
Z U FH R AR TR % g RN (3 2,
p<0.05) "N [l i 2 i B B 95 92 06 A B A0 RO R 5%
Al R A5 R B U ) B - W) G A R 2
MHYR (S, p <0.05) K I, B 0 Ak
RPET NO; - N el # + P AR R, 9 H
TR KBS o AN ot R R IR e R
W T EU A H A NH, - N ] i i i 1k
WAL R NO, — N #cdsi . R, 920 2% 1 5
MR KA Ak R b 3 AR AT BE R H bR = 15 & ),
SRR TR RS T % R L — R A,
X T K R 2R T, 29 & R RS K R 2 AR
PR EERE IJFHAMRFEN, SAHE LML,
FEHA R Ao oy E 2, A AR K
(1) 36. 4% ~48.2% **' i + M pH fi B 1, X

I, R E A R R AR R i R TR %
$E 33 AT A 22 - 8 R 2 R0 A R AR T %
HER R 2 — o {H R, PR L B R,
SR 2 X SR Ak e AR 7 AR SR A SR, H TR A Ak
AR N,0 NO RN, , B A R K 1
L35 5 5 AT R ST (3 5 . A R oT 0, A
3 A 2 57 2 1 20 T 1 TR T R % T A R
el YRR A LR, E S
K b F T MRS A A X 2 RS AE 4k NOS
- N g RO AL B BT, NH, - N Ak /E T A R
HOD R R e B A0 T A R A R A
BF5EH R I SR 0 97 S2 8, R HEK 40 & B 60%
WHC , 15 37 2 A ) T 15 Ak 4 1 09 3647 0 R F) T 2
WAL AE T, DR MR i 42 S ke 3t 4 - 9 R s 1 1
(925 5% o (R, T I ) 46 1R R R A o 257 il 4k
BRI R, 78 W K B RS 2, W26 B R Y
pH $3 NH, - N fesi sk NO, - N, RAEHAE
Wy R R AT NO, = N AR T B 5 R A Ak i
Bk o X R S B M % RS 2 AU R T R IR
TR R 2 —

4 2 it

Bt 7 22 Bl PR K RS - O ) AR MR
P R T % PR RS £ (B L), Fi e pH
xR A i B e BEAE T B A T LR
KL 0 Al R PR AR R R R R ) G
AR R . A, w1 pH B2 T
B0 22 ) o PR A AR AR R 2R AR R
P30 2 I ¥ 22 4 A 2 A1 42 2= 110 U ) AT R 8
SO b A B R R AR X B i A A
R e S B E 21 NO; - N 78 L8 i
FBUARERAE Y S A A9 NOy — N i
AR AR B, R 2%

2 % x
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RELATIONSHIPS OF FERTILIZER-N USE EFFICIENCY WITH GROSS N
NITRIFICATION AND MINERALIZATION RATES IN TWO DIFFERENT PADDY SOILS

Lan Ting'? Han Yong''

(1 State Key Laboratory of Soil and Sustainable Agriculture , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008 , China))
(2 University of the Chinese Academy of Sciences, Beijing 100049 , China)
Abstract Currently sustainable development of the rice cultivation in China is confronted with a series of problems,
among which high N fertilization rate and low use efficiency of N fertilizer is one. Pathways of N loss are closely related to
transformation processes of the fertilizer after it is applied into the soil. A better knowledge and quantitative description of
the transformation processes in paddy soil would help understand how N is lost in the rice-wheat rotation system. For that,
a 2-year field experiment was carried out in a paddy field of alkaline paddy soil ( Chaohuang Tu, pH =8.3) in Huai’an,
North Jiangsu and a paddy field of neutral soil ( Huangni Tu, pH =6.2) in Yixing, South Jiangsu to determine crop N re-
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covery rate. At the same time, an in-lab aerobic incubation was conducted to reckon primary N mineralization and nitrifi-
cation rates in the two paddy soils, using the'’ N isotope dilution method, so as to further explain causes to the difference
in N use efficiency between the two soils in the experiment. The field experiment shows that to achieve similar crop yields,
the alkaline paddy soil required a higher rate of N fertilizer than the neutral paddy soil, but was lower in fertilizer N use
efficacy (FNUE). The incubation experiment shows that, both the gross N mineralization and nitrification rates were high-
er in Chaohuang Tu than in Huangni Tu, which may be attributed to the higher pH in the former. Higher N mineralization
and nitrification rates may lead to temporary accumulation of NO; — N, which can not be absorbed immediately by plants
and then gets lost via a series of pathways. This may be one of the causes that lead to differences in FNUE between the two
fields.

Key words Paddy soil; Gross N nitrification; Gross N mineralization; Fertilizer N use efficacy (FNUE) ; pH;

Rice-wheat rotation
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