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S0 BT K R O % T R A KRR N
LA AR A E KB A . T 2011 4E 8 A
Ay R AR AR R AR DL L 2 B AR A (0 ~
15 em) o FERLRPIE [ S 2R T 4 CUKAR T

2 Fh SRR R T WL ER 1, RV B K BE AN
/Y pH  EA HLEK (TOC) (A& E (TN) (5 i A Pl ok
(DOC) FEEAS A (NH, -N) B & vy 735 38 15 & K #F A
F L P E SR (NO, -N) S RERAR, &
WF5EH 2 b RHERY pH AL — s o0 T iR, X nl BEJ2
BT A 8 1 0t A SR AL AR F T B0 .

PR R H U % T B 37 4 b 2 4k B B AR TR
K, AP :pH 24 8.26 ,Eh 2 142.1 mV,
TN 4 12.5 mg ™" ,NH, -N 24 10.02 mg L."',NO, -N
$2.23 mg L7, DOC K 12.6 mg L',

F1 XKHMR2HMEEABLIHERBLER

Table 1 Main physico-chemical properties of the two main paddy soils ( Typic Haplic-Stagnic Anthrosols and Endogleyic Haplic-Stagnic Anthrosols

according to Chinese Soil Taxonomy) in the Taihu Lake region

o Tkt Ak o AL P BER WER T AT B
L
- - pH Gravitational TOC TN NH, -N NO; -N DOC
oil type
water content (% ) (Cgkg™) (N mgkg™") (Nmgkg™') (Nmgkg™") (Cmgkg™")
- 38 17 A K HF A L
Typic Haplic-Stagnic ~ 3.92 59.6 19.3 1 649 15.40 1.29 36. 16
Anthrosols
JIE T A B KB
Endogleyic Haplic- 4.75 69. 4 28.3 2 353 68. 05 1. 44 59.75

Stagnic Anthrosols

1.2 SLIgAbIE

SHGHL 6 AN Ah P AN FE K 5 1 E KA £
FUR TR 7 K BE A %1 I8 (HB + CK Fil WS + CK),
Wil 77 B AHE AN £+ KA ff TN 30 kg hm ™2
(HB +N30) , 3% & § /K A h - + BAKA G far TN
60 kg hm > (HB + N60) , & ¥ il 5 /K HF A 0 £ + B
KA G TN 30 kg hm > (WS + N30) FHIiE # 7] & 7K
BEA R £+ KA i fif TN 60 kg hm ™ (WS +
N60) , £ ALBE 12 AN, I 72 SRR

FRAH Y F 30 g B+ £ 19 6 1+ & F 250 ml = ff
S, 43l A TN 0,30 1 60 kg hm = fi &b
PR fm A 0,48 F1 96 ml K, B K&~ 2
96 mlff 4b 38 i F 2% 88 K Ab 2 o B =AM
A1 ml K°NO, % ¥ (" N F B (atom% ) 99% ,
N3 mg kg™ T 4) . B 6 4 & AR R EE
FI WG RE s, Kb 3 A EE | 51, H
KCI % W B 4 LU g+ S T LR i, ok 3 A
EHT I E + 45 DOC, Fl T RA bW 6 4~ F
oA RS (N JGE28 CREHE 1 d, ik
ZERUR  RERS 3 AN H T I 5 JC LR BE AN
atom% , WL 4h 3 A~HE Tl E 13 DOC, #5574

AR 5 T A7 i - AR T 00 g A LA
(ON) # i B HUN atom% . K5 35 i K, Bl L 36 5 4
ANREFRAY U A SRR R TR B A =
SRR i ) 3 SN R & I SE 3% Eh
1.3 #EHRNE

TR R E W 2 Sk [ 15 ], TIE
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HEEIRH (K, Cr,0,) AL A&k, L5 TN 5 ON
R JAIT R # ko 8 NH, -N R NOS -N J35 2R
HE I W L 0k R Ah o3 6O YR . Wil L DOC
I, 23 5 T 885 3% 0 = SR G 6 ¢ 18 1
BT 50 ml B0 MA 30 ml KK R B
O, 3d 0,45 pm B8R, B )5 8 F Multi N/C 3000 g 47
Wi . 3 pH A Eh Y48 F] i b 254700 2 o S
SE 1 NH, -"N atom% #1 NO, -"N atom% , i 55 {#i
JHA™ 2 4545 1 4 KCL BRI 3 AUk e 94
J& Al Flash EA-8 V 5ii%4% ( Thermo-Fisher Scientif-
ic Ld. , USA) I %€ 8 M6t . 78 3% ot i A b 4 1l
FH A 5 AR AL 5D 5 £ 58 ON-N atom% ,
1.4 DNRA EXMBEMNBHHITE
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[ 5 76 ON i AESEAT i fk """ . Rice #1 Tiedje ™
FIRFFE B NO, [A] ki Ji X NH,™ Ay gk . 1 45
NH, #JETE N 0.1 mg kg™ "B 1 min 2 Py 5 AT L4
il 60% fy R ALiR J5, 76 N 10 mg kg™ B} 5 min J5 AT
KA SRS A B B nT 4 il 80% o T L4
NH, -N ¥ JEHET N 10 mg kg ' T+ (£ 2), rid
AfEFE T NO, B[R fb 42 0k Z W DR, AR B 5T v
+ 42 ON-"N Sk ¥ T DNRA i # 7 7= 42 9" NH, .
3% DNRA R B AR M T
d=[([NH,], xf, -[NH,], x0.366) + ([ON], x
/" =[ON]J, x0.366) ]/(100 xt) (1)
148 DNRA 19 A0 X % # H >k % 1k DNRA 7F
NO, JHFEH M TTlk , Hat B A F .
d=[([NH,], xf, -[NH,], x0.366) + ([ON], x
S —[ON],x0.366)]/([NO,], xf, - [NO,], x
£) x100 (2)
A d 5 DNRA 3R (N mg kg™ d™' (KT +
i) ) ,d" 5 DNRA FIXT (% ) ¢ J 35572 6 [A]

x2

(d),[NH; | RiEF 454 n 138 NH, -N &4t (N mg
kg™ F4)  [NH, ] A5 3 F I it + HENH, -N 3 i
(N mg kg ™"+ ), /" 85 35 45 B + 3¢ NH - N
atom% (% ) ,[ ON] Sy K F 45 i) + 3% ON & & (N
mg kg ™'+ 4) , [ ON], k8% 35 I fi bk + 4 ON &5
(N mg kg ™' ) 7 A8 F 45 90 - HE ON-"N at-
om% (% ),0.366 H KIAPAMWHRFEE (%),
[NO, ], o K5 3% 45 b + H NO,-N & &
(Nmgkg '+ +), [ NOJ 1, 8F % I 4 o + M
NO; -N & dt (N mg kg ™' T k) f, Jy B 35 45 AU - 48
NO, -"N atom% (%), f, A ¥ 3% JF #h 0 + 5
NO, -"Natom% (% ) .
L5 Zitsam

AR T /K it FH T, 2 o 2 A Y - g R
S DNRA W31 22 5 LR M S FEAS o K 56 5 A
] - e AR R[] 2 K it FH 2 % 4 18 14 5 &2 DN-
RA V5 #5152 o >R ] AL DK 3R 5 22 43 Hf (ANOVA ) 5 £+
HEM: it 5 DNRA ¥ #5141 JC KL 56 R H Pearson A ¢

AR EEREK (TN 0,30 1 60 kg hm 435l bic 5 CK,N30 FI N60) REIEFMARA MK LHEEEAMANL

(HB)MEBEEAKHAAL (WS HEHAKXER"N atom%

Table 2

Inorganic nitrogen content and N atom% in Typic Haplic-Stagnic Anthrosols ( HB) and Endogleyic Haplic-Stagnic Anthrosols ( WS)

soils in the Taihu Lake region at the start and end of the anaerobic incubation as affected by tail water application rate (TN 0, 30 and

60 kg hm™*, coded as CK, N30 and N60, respectively)
o BASH AR HHLA
HEFR b 3 NH,' -N NO; -N ON NH, -"N NO; -*N ON-"N
Incubation
dme () eument (N mg kg™ (N mg kg™ (N mg kg™ atom% (% ) atom% (% ) atom% (% )
dry soil) dry soil) dry soil)
0 HB+CK 16.64+0.60 ¢ B 2.66£0.09 ¢ A 1373 £59 a B 0. 366 69. 34 0. 366
HB+N30 27.12+1.61bB 5.97%0.01 b A 1387 +58 a B 0. 366 38.01 0. 366
HB +N60 41.29+2.87aB  8.95+0.34a A 1399 +31 a B 0. 366 26.25 0. 366
WS+CK 47.45+4.49b A 2.23:0.12 ¢ B 212215 a A 0. 366 67.01 0. 366
WS +N30 61.55+8.07abA 5.38+0.19 b B 2126 +14 a A 0. 366 37.31 0. 366
WS +N60 70.18 £5.69 a A 9.21 +0.28 a A 2160 £22 a A 0. 366 25.92 0. 366
1 HB+CK 14.3220.48cB 0.78 +0.03 b A 1403 23 a B 1.50£0.01 a A 27.13+0.30 a A 0.396 +0.002 a B
HB +N30 22.46+0.66 b B 1.11+0.21 b A 1450 +6 a B 0.88£0.05b A 20.31+0.46 b A 0.398 +0.003 a B
HB +N60 31.50+0.66 aB 1.83+0.12a A 1437 £15aB  0.70+0.02 c A 13.8920.58 ¢ A 0.402 0. 005 a A
WS+CK 36.29+0.65cA 0.63+0.10a A 2137 223 a A 1.560.03 a A 25.95+0.43 a A 0.411 £0.002 a A
WS+N30 47.18+0.30 b A 1.1220.06 a A 2161 £26 a A 1.03+0.02b A 14.89+0.77 b B 0.408 £0.002 a A
WS +N60 53.47+0.72aA 0.86+0.30 a B 2120413 a A 0.77+0.03 ¢ A 20.01 £9.40 ab A 0.419 0. 005 a A

W R B A + PR [ — R IR BR AT AH RN S TR R [ B 25 58 B35 W) — K VR I it i AR A # W) R 5 5 B 1
R A A 22 B8 B2 B 2 TR G4 ik 4 58 TTHL A F ON (9 N atom% 5 52 48 41 7] v 25 4% & JEL P4 2 i /5 Note: Values in the table are

means + standard errors; within the lines of the same soil type, values followed by the same lower-case letter are not significant in difference; within the

lines of the same tail water application rate, values followed by the same capital letter are not significant in difference; '>N atom% of various soil nitrogen

fractions at the start of the incubation is calculated according to isotope dilution principle
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AT . fdiFH SPSS 16.0 % {4 i 17 48 it 43 #fr (SPSS
Inc. , Chicago, US) , & Origin 7.5 B4 347 1 &
(OriginLab, US),

2 R

2.1 BEFHKRTFEENEREM N atom %

—J7 I, BT TE MLV B I R R K TR
A KCL i 4, il 3 B A & T B Kh iy
LA 5 —Jr i, Bk h LA & ON, B L, 55 5%
¥ b st it B2 K bt FH 2 00 15 - S AL A = B
Hom, i ON S EJLP AL (KR 2), BRIFHEN, 5
3 NO, =N 5 55 Bl K it FH S 1 0 T 38 o AH X
+HENO, -"N atom% % #i R A (£ 2) . K g0,
13 NH," -N G Fr A%, X FTAE fH NH," (1% [5 € e
Sl ; 38 NO, -N B g FAIG ; B WS + N60 4b 3t -
5 ON & 55 7 Gt 20 Ab, Ho ab B 423 ON 474
P £ 58 NH, -" N atom% 755 38 i &2 il 2 7K
Jiti FH A %) 34 e b, R W & A T DNRA i R BR
WS + N6O&E# rft + 1 NO, - N atom% 75 fb A K4,

HA A B f NO; =P N atom% ¥ W] & [ A% ; + 5
ON-"N atom% A Fr Jh &, #W & 4 7+ HE NH, (%
Bl (#£2), +3 NO; -"N atom% [ A% 22 B K
kAR EE R RIEA T NOy JE RV E A T k.
fif§ A ik B — M & AR AR AP S AR R o (R B AR ]
NO; -"N atom% W] & F& A% (4 &b B p + ¢ Eh hy -
178.5 ~18.3 mV(K 3) ., 7ELEEMES R D LA
AIBE =2 T I SR X, T 3 T RS AR & A

2.2 EFIHAKLIE EhDOC KABEIBR/HEE

% (DOC/NO; -N)

o A e /) DOC H A #4841 A A A
KA, R IR 2T BR S 2 Fl 38 DOC & &y
ANZ R (K 3) . WFRIFIEET, K5 R
K it P 4 38 i + 58 DOC/NO, -N i 2[5 ik ( 32
3) o XA 2 Jy YA s B — B R K R Y B
JintHE NO, -N Z#i34 finiii DOC JLF- A4 4k 56—,
FE/K#) DOC/NO, -N(5.65) B i Ak T~ + 4 (% 3d fj
KB+ 28. 03, R B KB A 1 41.49)
B e IFba e, it R K X 2 Fp 489 Eh 25 i 1R
IN(FR3) . &t 1 d B3R, 148 Eh FREAT, DOC

®3 BEAREEREK(TN 0,30 fl 60 kg hm ~*  Z3 54510 H CK,N30 Fil N60) R EE MR KMt K L BB EABAAN L
(HB) FKEBEAMAAL(WS) K EhEBHIBEE (DOC) RABENBRS WA LE (DOC/NO, -N)
Table 3 Eh, content of dissolved organic carbon (DOC) and ratio of DOC to nitrate nitrogen (DOC/NO, -N) in Typic Haplic-Stagnic

Anthrosols (HB) and Endogleyic Haplic-Stagnic Anthrosols (WS) soils in the Taihu Lake region at the start and end of the anaerobic incubation

as affected by tail water application rate (TN 0, 30 and 60 kg hm ™’

, coded as CK, N30 and N60, respectively)

35 % i) pis:il Eh(mV) A P WA LR S S A L E
Incubation time (d) Treatment DOC(C mg kg " dry soil) DOC/NO; -N
0 HB + CK -2.8+16.0 39.11£1.25 a B 14.72 £0.66 a B
HB + N30 18.3+6.8 38.55£2.02 a B 6.46 +0.34 b B
HB + N60 -10.1 3.7 32.70 +1.26 a B 3.58+£0.31 ¢ B
WS + CK -123.5+25.9 56.86 £5.44 a A 25.47 £1.61 a A
WS + N30 -146.5+11.8 59.60 £4.59 a A 11.13£1.10 b A
WS + N60 -129.0 £10.5 53.80 +3.15a A 5.8520.34 ¢ A
1 HB + CK -36.1+7.6 27.30 £1.17 a B 35.13£2.01 a A
HB + N30 -76.5 +24.5 27.87 £0.44 a B 27.61 £6.41 ab A
HB + N60 -48.7 £2.73 28.55£0.69 a B 15.76 £1.42 b A
WS + CK ~153.6 +1.65 44.19£0.72 a A 75.59 £15.48 a A
WS + N30 -178.5+9.18 44.00 £0.94 a A 39.60 £2.61 a A
WS + N60 - 164.6 +6.20 44.80 £0.39 a A 68.93 £25.21 a A

TE R REE R B = AR s B> TR S I (8, T A X R Eh R AT 25 BR800 5 IR — BRI AR A A RN B B 5 R TR
QbR [E] ) 25 SR 3 5 A — R KR & 15, AR A A ) R S B ) AS [ 4 18 S TR i) (1% 22 5+ 4 8.3 Note: Values in the table are means * standard er-

rors; difference test was not carried out for soil Eh due to lack of data of replicates; within the lines of the same soil type, values followed by the same low-

er-case letter are not significant in difference; within the lines of the same tail water application rate, values followed by the same capital letter are not sig-

nificant in difference
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0 B A, DOC/NO, -N BT g Fh i (2 3) . B3R 4%
I it Rk X 2 il 158 DOC & R FE A 5
e, %of 45 Ehe 1 52 i A /0 5 e AR o 2 K A 2 A
13 DOC/NO, -N ¥ [EAL(H 22 7 A B3 5 e = &
FE K W EREAR T 558 7] & K #E Ak 1 DOC/NO; -N
1117 XoF JEE VS £ B /K F A £ DOC/NO; -N (5% i A kK
(£3).
2.3 +EDNRA EERHEFTHEMERNXER
DNRA 0% 1) f /INME A e KAB 5 314 N 0. 68
A 1.41 mg kg™ d T (AT ) (E 1), iRk
XF 2 Fh ) DNRA S 3452w A K5 I 1 & K
BFh + DNRA 3R U] 8 i 353 6 & KB Ak
- HAE AT T R 7K R it P e R K A 22 S e 3 (R
1), MR, + 5 DNRA R 55 5 55 57 5F
Wh(r=-0.928,p<0.0l,n=6)FMZH(r= -
0.937,p<0.01,n=6) i + 3 Eh B 2 740K, 5 5
FF U (r=0.949,p <0.01,n=6) AL 8 (r =
0.950,p <0.01,n =6) it + 5 DOC & & i 3 iE M
X%, T 5 1 IR R 1 4 DOC/NOS -N 48 e MR
Fo XRUK Eh &5 o ff ke & A R T

DNRA,
1.6

I aTA
14 b T

aA
. |
12k |
ke 1.0 -
iﬁ 08 | af
24 L
gooH |

04 |

——i

g

|——a§’>

DNRA rate (N mg kg™ d™! dry soil)

0.0 1 1 1 1 1 1
HB+CK HB+N30 HB+N60 WS+CK WS+N30 WS+N60

Kb ¥ Treatment
B iR RERRER; W 1IERAL, bRA A RN R
AFAE B ZERARE; FH—RKENE, EHERKEFE

7 [ 398 2 0 [|) 9 22 B A 5. 3 Note: Error bars stand for standard errors;

under the same soil type, columns marked by the same lower-case letter

are not significant in difference; under the same tail water application rate,

columns marked by the same capital letter are not significant in difference

BTt R ] R /K (TN 0,30 Fil 60 kg hm =, 43 B4R iE
A CK, N30 H1 N60) Ay A i b [X 83 8] 7 /K #F A\ b + (HB)
HUR W 8 B K BF A8+ (WS) i i B2 AR 5 AL 38 R 8%
(DNRA) fif 4 %
Fig. 1 Rate of dissimilatory nitrate reduction to ammonium ( DNRA)
in Typic Haplic-Stagnic Anthrosols (HB) and Endogleyic Hapli-Stagnic
Anthrosols (WS) soils in the Taihu Lake region as affected by tail water
application rate (TN 0, 30 and 60 kg hm ~? | coded as CK, N30 and

N60, respectively)

2.4 1+HEDNRAHMEBRESTEUERNXER

38 7 B K BE A £ DNRAH % v 34 1) f
MBI FABE S>3 2 34. 61% 1 44. 45% VBT &
JKBEA R £ o DNRA AR X 5 #4 (1%) f /M A 0 o K (H
Ay 54.24% F1 106.70% (& 2) . WS + CK &b Ff
H DNRA MIXF 3l 3t 7 100% |, X 35 58y 52 56
WES W, R KA E G EF KA N £
DNRA A i 785 45 i R K (. 25 [ AR T 75 7 3 K
BEA R+ DNRA AH X v 45 i v faf & KB ANk £
DNRA A8 X} 1 5 T 3538 7 8 K HF A £ B AR
KA R R KR R E LR B (K 2) . X
T, £ HE DNRA AH X W 34 5 55 32 01 i (r =
0.836,p<0.05,n=6) FZ5 5 (r =0.936,p <0.01,
n=6)ff DOC/NO, -N I Z [IEAHC M 5 R E K +
% Eh fI DOC S EMMHEH AR E, XKW, 5+
# Eh A1, + 3 DOC/NO; -N %f DNRA 7£ NO, 5
U1 U NI TN

120 aTA
£ ot |
~ L
Z &R
L A
S & 80 bT
z 2 r T
5 Z 60} aA bA
= é |l aB I
§ E 40 + I aB
g ® T
i I
.g 20 F
1 " 1 L 1 1 1 1

HB+CK HB+N30 HB+N60 WS+CK WS+N30 WS+N60
Kb F Treatment

T ERRERREIRWELR; W — R, AR NG R

AR ZERARE; F—RRENE, 34K
A [R) - 38 2K 0 R) 1 22 7 A S Note: Error bars stand for standard errors;
under the same soil type, columns marked by the same lower-case letter are

not significant in difference; under the same tail water application rate,
columns marked by the same capital letter are not significant in difference

2 it R [ K (TN 0,30 60 kg hm ™2, 43 51 bR T
CK, N30 1 N6O ) f i i 1<% i fiif 7 /K 8 A D + (HB) FIiE
TR A KBRS 2 (WS) H i IR AR S Ak 388 A e B4 AT 8 4
Fig. 2 Relative potential of dissimilatory nitrate reduction to ammonium
(DNRA) in Typic Haplic-Stagnic Anthrosols ( HB) and Endogleyic Hap-
li-Stagnic Anthrosols (WS) soils in the Taihu Lake region as affected by
tail water application rate (TN 0, 30 and 60 kg hm =% , coded as CK, N30

and N60, respectively)

3.1 1% DNRA EERFMMEZER
AAFFEH DNRA #%5 N 0.68 ~1.41 mg kg ™' d ™'
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(L) (F 1), BiA & R4+, DNRA it 2
BIWFoE EEEPERMMEBEMESRSE, KHAS
RGP g 5 )  Buresh I Patrick™! }% Yin
A OUE B P NOS N 7R N R I IS TR
UK AE £ 19 DNRA & 3 {H &% A7 & b DNRA
K, RIEADEGE h DNRA 32 () ZAF Jr %, Buresh
il Patrick ™ & Yin 25" thk 5 4 DNRA 38043 5
J£0.23~17.43 HIN0.67 ~6.07 mg kg ' d ™" (LUT
1) (ARWF5E o DNRA 8 3R ) R AE J7 238 H T fib
TR BFSE) o Nishio' ™' 5 2 52 70 A 52 56 AH 45 4 (8 J7
RIS K2 4 KRS 1 DNRA 3 AL T
N1.2mgkg ' d (T Hit) . Wik, 5068 W
JKFE + DNRA 3 A o, A #F 58 v B 15 A9 2 %R
BAK .
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POTENTIAL OF DISSIMILATORY NITRATE REDUCTION TO AMMONIUM IN
PADDY SOILS IN THE TAIHU LAKE REGION AS AFFECTED BY IRRIGATION
WITH TAIL WATER FROM PIG REARING

Lu Weiwei'”?  Shi Weiming''
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract Using the 15-nitrogen (°N) tracing method, potential of dissimilatory nitrate reduction to ammonium
(DNRA) in Typic Hapli-Stagnic Anthrosols and Endogleyic Hapli-Stagnic Anthrosols of the Taihu Lake region as affected
by tail water from pig rearing was studied. DNRA rates and relative potentials varied in the range of N 0.68 ~
0.79 mg kg 'dry soil d ' and 34. 61%~44. 45% , respectively, in Typic Hapli-Stagnic Anthrosols, and in the range of N
1.14 ~1. 41 mg kg 'dry soil d ' and 54.24% ~ 106. 70% , respectively in Endogleyic Hapli-Stagnic Anthrosols. Irrigation
with tail water from pig rearing had little effect on DNRA rates in both soils and DNRA relative potential in Typic Hapli-
Stagnic Anthrosols, while it obviously reduced DNRA relative potential in Endogleyic Hapli-Stagnic Anthrosols. Correlation
analysis indicates that soil DNRA relative potential was significantly positively correlated with the ratio of soil dissolved or-
ganic carbon to nitrate nitrogen (DOC/NO, -N) at the start (r=0.836, p<0.05, n=6) and the end (r=0.936, p <
0.01, n=6) of the incubation, but not significantly correlated with soil Eh or DOC at the start and the end of the incuba-
tion. The results indicate that Endogleyic Hapli-Stagnic Anthrosols is of much higher DRNA potential, therefore, in prac-
tice, it might be possible to enhance N retention through regulation of DNRA and hence to minimize N loss from paddy
fields; and irrigation of the soils with tail water affects the contribution of DNRA to dissimilatory NO, reduction mainly by
changing soil DOC/NO; -N and its effect varies with the soil types.

Key words Waste water irrigation; Dissimilatory nitrate reduction to ammonium; Typic Hapli-Stagnic Anthrosols;

Endogleyic Hapli-Stagnic Anthrosols; DOC/NO, -N; Eh



