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1.1 TIEHEXE

[0 R A Rl R E I R B R TR o I
DI A A AR VR A A A I (30°55742" ~
31°33'50"N, 119°53'45" ~ 120°36'15"E ) , il
AR5 ~ 17 C, ZAEFHBEKE R 177
mm, PR RS I AR R E Mk K+,
Fed 22 6 A A T - 43 R g 2 el - 498 1 R A% 2 B 40 )
FERI23.2%H117.6%, Hiki69.1%F169.9%, bR
7. 7%HM12.5% , #i% b b [ R 22 qe e, Fi
AR NS a, e E2 b 1.
2 AR T g A e 2 PN 22 2t FH PR 28 - N3 il 20
30011200 kg hm™, FEAAEA HLAL ., 4% bl 45 4F
A AR N 474 kg hm™, HAfL2EAE-N 250
kg hm FIAHUE-N 224 kg hm™, 20134E11 H R4
0~20 cmf A, ARFP LIRS % 0] 2 A5 2
JEIRAT . Bl AR I RN 2 L BB R 55
12 mmfii G T4 CHRAFR .

1.2 HEhESR

(1) BHEpHRABA I ENE, K+
25015 (2) RGPS R RS R -5
PRIE , AL TR L R %00.58759 5] + A ML
s (3) BIEEZCRAPEMEIFIRENE; (4)
T+ HEPRNH;-NFINO;-NAY & 5 R H2 mol L' KCI
($EAK LTS 1) BIE-MgO-Z R A &KW
P
1.3 RIEAHZE

AR 5T 2R FH NSO B 0 R 25 45 35 T Markov
Chain Monte Carlo ( MCMGC ) 58 3 i B0 (B TG AL A5
R C23 Do s g R 2 A o R A W) R e Ak
R BA L NP AARICA . O ENH-"N
AbER, BDINACPNH,UNOSE R (PNFEREER10.12% )
MFRIENO, =N B, BIAI A NH,"NO,IF
("NEEN10.21%) , BHEEINEE ., HIK
ks FREUH S F20 ¢ M 896 4 5 F250 ml
=i, ABWESAEAL ml PNH,NO, Ik
“NH,"NOJEW , HINH;-NFINO;-NIn A& K
N 100 mg kg™'o B 458 5 /K 1T 2] 60% i
KFFKE (WHC) , B T25 CREAMTHF
6 do M HIFEFR LM AJG 0.5 hy 1.d, 3 d.
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FHRE I 58K = B, B F25 CRmEA&M T
FE, RS0, 24, 72, 144 /NEFEUINEN,O
W . RREBUAT AT, SRR ® BSR4 b
HARBAEIM T KRR 2% 3, H s
AP FE P AR 30 sJR AR E SR, B
EHHEZ 30 siF R AFEEE R, Mt &
UK, R R 0 b e R e s R B R AR R
JRET25 CRMFMAETESR4 h, HEHSNS
AR TH A 25 fa B 20 m 1A AT 1000 58 NLO ¥R %
NL,O e B A A 15 4% (Agilent 7890; Agilent
Technologies, Waldbronn, Germany) AT E
FL {7 AR 0 4 3R B % 2 300 C o AR L ad3 m
K (22 mm) B 2 BEE S 2L 2R R
A (80/100 BYM ) By HrAt, A iR REAE
40 C, RBEAEE-HH (5% ) MHEEH30
ml min~',

e £ PR NH;-N . NOS=N & M N
R BT . ¥ 100 ml 2 mol L' KCI (§%
KEFELS - 1) MA=MAT, F25 C 250
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IN[[erab l l IN'HrNrec :
NH NO-
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Fig. 1 "N tracing model for analysis of gross soil N transformation rates
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RUE L N0.26F10.06 ., F8 4 5 1F 4 M+ 4
NO;-N¥&JE #3537.0 mg kg™, XA g 5FATLEK
FESCHI 5 R AE AR S AT G, bR 3 Ab T ar IR
A, HEAHUCH AR, 5% E s ER

TEUF SR RAERMAER, SEEESNO-NEY
S M4 bl TP NO-NYR R R A VA £
B2 245, I A I HENOS-N BB ORI
[ERRCE = (i

1 KPHXBEZRERBMETEEZRELIE (0~20cm) ELHER
Table 1  Soil properties (0 ~20 c¢m ) of the paddy field and the vineyard in the Taihu Lake region of China
Ak 2R
S - NH;-N NO;-N
T pH Total C Total N C/N ( e ') ( kel
ype mg Kg mg kg
(gkg") (gkg")
[EE 2 (gl
+ 0.01b 2.15 £ 0.02a 0.22 + 0.00a 9.77 £ 1.1a 7.8 £ 1.2b 37.0 + 1.2a
Rice paddy
] % [l
5.14 £ 0.07a 2.00 £ 0.0la 0.19 £ 0.0la 10.53 = 0.9a 4.7 + 0.7a 81.3 + 1.5b

Grape orchard

TE e 2R PAR AT o (0 A ) 5 Bk 2 75 A 22 6 AR I 1140 26 el - AR O R0 3R e A A ) A7 2 25 22 5% (p < 0.05) Note:

Different

letters within the same line denote significantly differences between the paddy field and the vineyard (p < 0.05)

22 EFUEPLEREMNEETK

PR A 7 X R NH;-N . NO;-Ni
JE e HC VN S B B ) 0 AR Rk B s 2 &3
TR o P 4 TP N H - N 3 76 A 15 57 0 ] P 340 37
T (E2a, K2c) , 1 As A & U AH R 38
(E3a, Kl3c) . iﬁ%,ﬁﬁlﬂ, PNH,NObRic kb HL )
NH;-NJECNFEEGRILEE, RUH ARFEEL

—0
— - @ NH,"NO,

SNH,NO,

NH,"-N (umol g "'soil)

NH,=N (umol g 'soil)

80 120 160

Bt Time (h)
e P R2EL O H R ARER . TR Note:

0 40

R JERNH; - N ANH;-NE ([E2b, K2d) ,
MNO3-NJE "N=F B (28 b #a S5 NH - NJFE "N F &
b Ra S (E3b, KE3d) o NH,NOSRiCHIFE
fi L NOS=NJZE (19 PN = J3 B 3% 5% B[R] 228 i T [
(E3b, E3d) , 1 NH—NFE AN B )% v
Jn CE2b, K2d) .

_10pb
g
g 8
Z
- =)
L o
E
8 4T
&
Lo}
A PR °
@ — - — - o —-
0l® s - . .
_ 10y
2
el
g o
= o
g
g 47
z
+ 2_
Z
........ @ —— ——-@
Yk - . .
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it Time (h)

Error bars indicate SD. The same below

2 K XA AR I Cafilb) R 18 (eMd ) B A8 R B SN B Sl () SRREIAE (£)
Fig. 2 Measured ( dotted line ) and model-fitted ( solid line ) values of concentration and °N abundance of the NH} in the soils (0~ 20

c¢m ) of the paddy field (a and b ) and the vineyard (¢ and d) in the Taihu Lake region of China

http: //pedologica. issas. ac. cn



170 + e e il 53 &

16 ra 8rb
= 4
3 56*\’
TD.D QZ .\‘\ [
E i p -~ ———. ~.
% — [ "NH,NO, g
|
z o

Z &

O 1 O 1 1 1 1

20 r¢ s 8 rd
o QZ
= 12 X e
g 2 )
« 8 A -
5 7ol
Z 4t o

z
O 1 1 1 1 1 O 1 1 1
0 40 30 120 160 0 40 80 120 160

A ] Time (h)

A ] Time (h)

B3 KX R AR (afib ) RIAGATTE L3 (Al ) RS MR RO PNFEREE ISl (50) SHBE
() 4

Fig. 3 Measured (dotted line ) and model-fitted ( solid line ) values of concentration and °N abundance of the NOj in

the soil (0 ~20 c¢m) of the paddy field (a and b ) and the vineyard ( ¢ and d ) in the Taihu Lake region of China

23 REVRFELERE

mE2FE 3R, BEARRLE ECE LA T
IF TSI A R AR, R RO R R
VEA B0 % el 1 98 A R )RR b 3R 53 51 AN
3.90f14.52 mg kg™ 7', MHEEFARE (F£2) .
FEAZ e HHENH -NY R FL AN 0.56
mg kg™ d7', HNHI-NE AR 14%, i % b
- FENH-NYI G ) it B v] LA Z s AN T

B AR A R E R N 15.85
mg kg™ d7', WEESTRELRMEAD L (N 13.65
mg ke d7) , T PFP SR B SRR RE
J1 (F£2) o W, AFEMEAEENO-N™EM
ME—iR At . FE A2 R AR A 45 Tl + 1 b Bk S5
MNH-NREAEA FfE (N/TA ) 405 k2451793, %
M2 A AL B e A NHL =N RE 3 T R 3R bW
PRI NH - N9 3228 2 o R A Al 7, G JH 2 i 26 el
+ 5.

FETMCMCH L EUE L Ae B R 3 5 15+
BHNOS-NA M MSHFEER, HINO;-NIE L
NO;-NSALiR A8 ( DNRA ) o ASHF5E 9 B Fh
ANTEFIH 7 0 £ AN & AENOS-NTFfk, Sl

DNRA PR A 55 55 55 F FNOS-N EZHFEIR 1%,
HWifh N DNRAERE A B F 2R,
2.4 N,OH

T 22 A0 VAR H 3N, O HEJBCTE 355 %400 399 B0 o 3R
o ey U, T R 4 [l - 9 DO A 8 AR A 3R Hh B HE A
g (Kl4) o AN, BEEREAT L
HERIN,0 ZRHEF N 34.23 pg kg™, BFEMET
i+ (N97.16 pg ke ) (p < 0.05) .

3 i %

3.1 FEHEMREENTEESRELHEE

A FE PRI AS )R O =X HE R S AE R
RIELan%E Y %P P EVLOE . LI A SR
145 (0.3~3.8 mg kg™ d7") FlZhangZ ") Xt
WG AR M +3E (2.4 mg kg_l d™") A E Ve Bl 2
Mo C. NJKYI A ROME I8 1+ 5w o bk R
M—AEERNE, AW EENZ R 1L
ARG RC, NGFREBETMHXLER ),
AHIT LR, 22 He AR A FH B foh oAy 4 4 el X 4 1 A
C. NE A B ERw, i w R 50 0 9
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R KM EXBEREREBMFEERELE (0~20cm) MRRMRFLEE

Table 2 Gross N transformation rates in the soils (0 ~20 ¢m ) of the paddy field and the vineyard in the Taihu Lake region of China

RFE R AR
EYie N transformation rate
Parameter (mgkg'd")
T B AEA H Rice paddy %5 el Grape orchard
BT My
3.9+ 1.0a 4.52 £ 1.02a
Total gross N mineralization
NHi=-NIE AL Ty,
0.56 £ 0.09a 0.017 £ 0.001b
NH; immolization
NHI-NUZF Ay
0.061 + 0.009a 0.000 + 0.000h
NH; adsorption
NH{-NFEW Ry
0.008 + 0.003h 2.238 £0.297a
NH; released
F FRAE Oy
13.65 + 0.04b 15.85 +£0.39a
Autotrophic nitrification
I Oy,
0.000 + 0.000a 0.000 + 0.000a
Heterotrophic nitrification
NO;-N[FE Tyos
0.000 + 0.000a 0.004 + 0.000a
NO; immolization
NO;-NFALIE R 8 Dyos
1.40 £ 0.49a 2.00 +0.38a

Dissimilatory NOj reduction to NH;

1) S, HIERCGEEMARGEAPING (L2 M NH-NJF b, NH-NIR e A E P LR TS E AT HLAE Z 705
NH{-NfEM, NHi-NMBHE F 3Bl i il ; NH-NUZBE, NH-NUZ2IBHE e fiaf s FSRmL, NH-NAL I NO-NAY it
s AR, BUE A ILE A INO-NIL s NO-NIFf, NO-NIEfL#E AFEEAHLEE ; NO-NRALIEFAEMN: Sum

of My,.. ( mineralization of recalcitrant organic—=N (N,..) to NH}) and My, ( mineralization of labile organic—=N (N, ) to NH}) ; Inu,:

| ST (immobilization of NH} to N, ) and It~ Nab (immobilization of NH} to N,..) ; Ryp,, release of adsorbed NH;; Ayy,, adsorption
of NH} on cation exchange sites; Oyn,» oxidation of NH; to NO3; Oy,.., oxidation of recalcitrant organic=N to NO; ( heterotrophic
nitrification ) ; Iy, , immobilization of NOJ to recalcitrant organic—N and Dy, , dissimilatory NO3 reduction to NH; ( DNRA )

2) P FIAT P AN [ 5 Bk A 22 581 AR FH ARG 23 el 1 AR D R B gt Al 35 22 5% (p < 0.05) Different letters within the

same line denote significantly differences between the paddy field and the vineyard (p < 0.05)

3¢ ) _ IS ESie e S-L N

% 50} e R 22 6 R A T B2 240 47 149 105 4L 7= A 1
2| NH; - N3 o 0 0 s e 0 A L AT LR, 1T 7
22| # EHERONI-NFLE LR (£2) . F
£48 S 5 e P O S 7 20 ) S RIS T R nd
28 | NH;-Ni[FLAE Sy . PR LM NH-NIRI L AE ) R
E 7 T 2 1 TS ) s 5 SRS 0 S0 . )
S HAIX , R P i 7 P 2 B T 4
R B UK B s LG . NA R E Y, TR A
HiFFHL Days after "N addition (d) el - 498 000 Sk e FF AR C/N L 9 Sh 26 A0 . 8 2 7 FF
Pela il IR 6 R LRI Bl 1N, O % TSR IIC/N, A 3085 AT 485 2k 4 % e

Fig. 4 N,0 emission rate in the paddy field and the vineyard in RUH TR HE AR HENHE-N[E 4L 202

the Taihu Lake region of China
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32 EHRREWNELEESEELCHNEN

- w7 0l S R T R B SRR
RVEH, X 5Zhang% 1o F AR Bt A A A A o)
BT B IR R I 25 A — B, R I A SR
TS AL AL T REASTR] o S AR B, ARl T b 1)
it FH A R AN, A B mT DA s - g p Hak i ik A
FeAtAl 2, TR S N ) 2 o g SR A
AR A K BT AR BERS AL Y L WA, LiEpH
AR A EERNE. AR LN,
FHEpH S [ AL R BEIEAE R
FRATT Y 25 5000 & 30 p HAE AR %) 7 4 el -+ 4% B SR A b
B TpHE S RS 2 4 ER 1 L1, AR A
B, AR R A e Al ke T, A
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Effects of Conversion of Paddy Field into Vineyard on Soil Nitrogen
Transformation in the Taihu Lake Region of China

WANG Jing ZHANG Jinbo'
( School of Geography Sciences, Nanjing Normal University, Nanjing 210023, China; Jiangsu Provincial Key Laboratory of

CAI Zucong

Materials Cycling and Pollution Control, Nanjing 210023, China; Jiangsu Center for Collaborative Innovation in Geographical

Abstract

Information Resource Development and Application, Nanjing 210023, China )

In response to the growing demand for fruits, farmers in the Taihu Lake region are rushing

to convert paddy fields into fruit orchards in recent years. Changes in land-use and management may affect or

alter physico-chemical properties of the soil, and hence cycling of soil N and fate of N fertilizer. Up to date,

little has been reported on quantification of effects of changes in land use on soil N gross transformation rate,

besides some works that have been mainly focused on effects of the conversion of non-agricultural land into

agricultural land, and rarely on the effects of the conversion from one type to another type of agricultural

land use. In the Taihu Lake region, paddy fields under rice-wheat crop rotation and orchards coverted

from paddy fields are the two typical types of agricultural land-use, which differ sharply in water regimes
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( periodically waterlogged for paddy fields and water-unsaturated for orchards ) and fertilizer management
(no input of organic manure for paddy fields and combined application of chemical fertilizer and organic
manure for orchards ) . Therefore, gross N processes (e.g., nitrification and denitrification ) in the soils
under the two types of land use also differ sharply, as affected by their different aeration conditions and
fertilizer managements. The paddy field under rice-wheat crop rotation and the vineyard converted from
paddy field under study are located in the upper-streams of the Zhushan Bay Catchment in the Taihu Lake
Region of China. Gross transformation rates of soil N under the two types of land use were measured using
the "N tracing technique combined with the Markov Chain Monte Carlo ( MCMC ) algorithm-based numerical
optimization model, and effects of the conversion on soil N supply and N retention capacity were investigated.
Results show that the conversion reduced soil pH ( from 5.74 in paddy field to 5.14 in vineyard, on average )
and contents of soil organic C and total N, though not much. In the soils of the paddy field and vineyard,
the inorganic—N pools were dominated with nitrate, with NH;/NO; being 0.26 and 0.06, respectively, and
the gross N mineralization rate ( mineralization of labile and recalcitrant soil organic matter ) was N 3.90
mg kg™ d”' and 4.52 mg kg™' d”', respectively. Obviously the differences between the two were not very sharp.
In the paddy field, the gross NH; assimilation rate was 0.56 mg kg™ d”™', accounting for only 14% of the total
NH; produced, while in the vineyard it was almost negligible. The gross N autotrophic nitrification rate in the
vineyard was 15.85 mg kg™' d™', significantly higher than that ( 13.65 mg kg™' d™') in the paddy field, while
the gross heterotrophic nitrification rate and NOj3 assimilation rate were both negligible in both soils. Through
fitting with the MCMC algorithm—based numerical optimization model, consumption of NOj in the soils was
found to have two pathways, namely assimilation of NOj and dissimilatory reduction of NO; to NH; ( DNRA ) .
However, in both of the soils, NOj assimilation was not detected, turning DNRA into the major pathway of
NO5 consumption, moreover, the two soils did not differ much in DNRA rate. The ratio of total nitrification
to gross NH; assimilation ( N/NA ) in the soil was 24 in the paddy field and 793 in the vineyard, indicating
that ammonia oxidizing bacteria are stronger than heterotrophic nitrifiers in competition for NH;, and hence
autotrophic nitrification is the dominant fate of NH;, especially in the vineyard. On the whole, the conversion
of paddy field into vineyard significantly affects soil autotrophic nitrification, increasing the N autotrophic
nitrification rate in the soil, but its influence on NH; assimilation rate was almost negligible, thus making
autotrophic nitrification the only fate for NH, in the vineyard. The decreased NH, assimilation rate and the
increased autotrophic nitrification rate in the vineyard enhanced NOj accumulation in the soil, which may in
turn increase the risk of N leaching and losing with runoff. It is recommended that nitrification inhibitor and/or
organic manure high in C/N ratio should be applied to mitigate the risk.

Key words Gross soil N transformation rate; N tracing; Land use; Soil nitrogen retention capacity

(EEHRmig: EME)
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