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KM/ 50, 43 B HAE 38 I8 36l T 4 22 3 3 (K 5 ( Oenanthe clecumbens L. ) 46 % b (Raphanus sativus
L. Var. Radiculus pers. ) ;38 ifi &0 & 43 5% 9 72 kg hm > F1 54 kg hm > ) & 5 2 3% #b (/N 4 3% ( Brassica chinensis
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Rk K HSE R B o BIFSESE AR : (1) i P8 38 0 W5 20 b 3095 e TG L T W RO LR R A8 10 R e
M, W& A A JS 48 h P (2) 4 FE RS RI S I Ml it P R TS 9 BBV EUHE B 43 5 8. 68 kg hm YAl
9.90 kg hm %, | 3% TAL M AL 3 (4. 06 kg hm > F1 5. 59 kg hm ™) 5 i B 2% [ 3 Hb T 325 4 000 43 500 & 10. 40
kg hm 21 11. 61 kg hm ~*, 55 b I 40 3 7] 2 5 K 5 2% (9. 81 kg hm ~* 1 10. 09 kg hm ~*) 5 (3) 4% = 3¢ Hb it FH VA
UG BAE R AR AR AR 1. 7% 1 17. 7% , B E AR T R R (23. 3% F126.8% ) 5(4)0 ~ 10 em £ 7 3%
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1 4] AT LT AF < 6 I 2R VRO SR b A R 1S TR 87

T4 K AT (32°29'N,118°37'E) . K Hll F 2008
AR AT, BN 360 m” (36 m x 10 m) |, {if 7
S B R ,2009 410 H 5 H RS e R I .
e 7 % S0 ol R T R OB e A A S IES O ME I 740 kg
(#% 25 000 kg hm " fi Ff & Jiti A ) AL A BB (N: P K
=18:18:18)25 kg, HEAL N /S A 5 b HE AE T )65 24 Y
W3 ISR FFR AW, A PR (OM)242 g kg ™',
MA(TN)28.2 g kg ', M (TP)36.7 g kg ™', M4
(TK)17.8 g kg ™' ik #b + 1 h ¥ D F £,0 ~ 10
em TR T pH K 6.49 45 F 1.15 g em , HHEA
HLER (SOC)10.84 g kg ™', 2 A (TN)1.47 g kg ™', fik
Al 7.37,

A 25 Fh A 5 3 R b K T ( Oenanthe clecumbens
L. ) M4 46 2 b ( Raphanus sativus L. Var. Radiculus
pers. ), E Z= i Mg #E S€ ah B A /N B 3E ( Brassica

chinensis L. ) Fl K M 16 & ( Chrysanthemum carinatum
Schousb. ) , 5 IL 54 B R Foll 24 w153 . /K7
A AEE T 2009 4 10 J] 14 H B H NG T, 58 4
MAKTTRELAN T em B R E R 80 ¥k m ™ 5 1E
BN R B R 150 Bk om 77 ICIR I I) 433 2 2009
412 5 31 HF 2010 41 A 15 H;/MESEM A
W 4T 2010 4E 5 1 12 H &R, 08k % B 200
Beom 7 o e 2 50 F 4R 6 H 11 HATG A
26 H.

1.2 #ikiB&

TR 75 & ik 7R AU TR B I i, % 1 D
AR A HE IR Kb B 2 K, BN g 28 R i SR 4
I 7% 2% 5t ( continuous stirred-tank reactor; CSTR) , &
IEHBAT—4F . 1T 15 T IR F R — U IR
L E T PVC AN AR, HIEARFR S LR 1,

F1 B EDEMBELREY

Table 1  Physical and chemical properties of digested pig slurry for field experiment

- ol A . BA BB pag: AL Pl L&Y ALV PR
- TS P N TP TK DOC NH, * =N pP
Season
(gL™") (mgL™")
X%
1.05 7.34 331.5 42.7 209. 4 281.5 314.9 13.9
Winter
2%
1.21 7.43 400. 5 54.8 264.0 354.9 365.7 15.8
Summer

1.3 KigarE

BB 5 1 DO A 38 A0 AL B 43 )k - 5E 4 it
THW (DPS) | 5¢ 4 jiti AL AL (CF) \50% N 3k H i3
W +50% N>% H AL BE (DCF) DL &% 25 (4 38 (CT)
B ERE A 3 K, 12 AR EN X 58 4 B AL HE S .
AXHEAK2.5m x 1.5 m, & /NX[EEE 1 m 5
R T o

MR 8 5% 75 00 5 oK, & 25 R ] 25 A R it 1
B399 18 kg hm 21 21 kg hm 2, 3785 )5 54~/
DXt A VE W o 20 L, i FHRBH RS H K&
(AR AR (8 1), S fil 453 AT Ah 31 1) 0 Ll 0 4 1) FH
H— 5, CF Ml DCF 4 HBRE T Jiti FH IR R AE I &I 4N,
WA T R A — 4 (K,HPO, - 3H,0) i /iR 4§
(K,SO0,) fE M B FEP 4 72, CF Ab B o 4 5 Ry R
2% 14.2 g+ K,HPO, - 3H,0 6.4 g +K,S0,4.5 g, &
FZRPRE 17.2 g + K,HPO, - 3H,0 8.2 g + K,SO,
5.4 g, % T 20 L 5 /K57t A ; DCF 4b 3 b BR % |
K,HPO, - 3H,0 il K, SO, i) A & ¥ 2 CF fb ¥ {1y
50% % T 10 LiBW  , JFE K # B2 20 L J5 it
Ao AR T W A 7 it 25 50 o 38 AE IS ] Sy < 7K

BAR G 56 12 .27 50 F1 77 K4 4e 8 M ERIE 5 12,
27 150 K /NEKEHEM G S 16 F1 23 K KiF &
FEFJE 55 16 .23 Fl 34 Ko 45 Ak 38 A 1 (8] 45 B RS
Jite A8 7]

1.4 HREXESUE

L4 1 ZHEKMINE P 1) 2 R FH % A ik
Rt e E AR 1S om B 15 em (4R R
PVC )i i R4S 35 0 B, FEBE S A JS 24 h (&
Z) 48 h(H Z) W PVC 4 TR 1Y — I 4l A 1
BES em RAL TR E K N IR RO 8 A IF IR RR
BN Y AW E B 45 55 47 M 25 SO W
A ZEIN A B R Ry SRR S A 8 12 (5 — kB
AEY 14 15,16 17 (18 19 .21 .23 24 26 28 (4 — &k
SERE) 30 .31 .33 .34 36,3839 .41 .45 51 (45 =&k
JBAE) 53 .54 .56 .58 .60 .63 .65 .67 .70 .78 (£ UK
SBAR) .79 .81.85 .87 F1 89 K ; H Z= i 5 B [d] K 5 3%
FhAE 5 25 7,10 15 (16 (5 —kiBAE) (17 .19 .21 .23
(55 —WGE ) 24 25 .27 29 31 34 (5 = WGEE) |
35.37.39 41 F143 K, WERS, ZEIRHE N LA 6 em
YR S R KA AT 20 ml 2% AR (H,BO,) YW
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MBS IR LR SC 38 1, 47 5 PVC B 55, IR I 50 IR IR
— 2 JL AR DRI B — A 58 42 25 P A 30 858, LI
W & my & (NH,y ) . W 24 h JFAT I8 5, %
H,BO, I W 5% #% 55 100 ml = jfiirh, L H " ]
37 0.005 mol L™ 1 i B2 (H, SO, ) ¥ W F 17 7% € o
1 5 2 5 Y HE R AR TR A A

NH; - N(mgm™d™") = CxVx14/4
A, COHT JHBE, V R 2w ol R 1 AR A
14 59 N B BE IR B, A O % P 3 5 (0 Jie T A

HY T P 3k BT I G Y A R i S PR R R
/I PR N R S BRI R B 0. 65 (i
W VR LT WIS
142 L3 B UK o3 /9 I 5 140 ~10 cm
Tt B R ik 2 i S A (WS-T41PRO, #T JH L # B 5
B PR 2 W) Sem W, W) 2 A R B K &
(VWC) % F 4 3 K 4y 3 M Y ( FieldScout TDR 300,
Spectrum technologies, Inc. , America) | %€ ,
1.4.3 HIEFERAREMNE  BUGBIEE—X
FEE B — KAHB 0 ~10 cm + 2 H#E 1 ke,
— TR T 0 ~4 C KM T RAF, W2 A (NOy
-N) VEAR (NH - N) (R[EEA HLER (DOC) | Al
B SR (DTN) L SRR YR bR 5 5 — 387 L REX
T I I I E H pH A AILER (SOC) FI2 A (TN)

435 pH R FH 2.5: 1 (v/w) (7K + He il 4% + 15
B, 0 pH I (PHS - 2F, | kS % Bl 22 AL 2%
AR ) 3 SOC R HY 5 4% R B0 4 AL 1 /€ 55 TN SR
FL R E & 1L ( Gerhardt Vapodest 30s, Germany ) ;
DOC #1 DTN ] 0.5 mol L™ '#iE 47 (K,S0,) I Wi
)5, H TOC {¥ ( Elementar liqui TOC II, Germa-
ny ) M 5E =2 5 W A BIL Bk AR R B B AL A
(NO; -N + NH, "-N) ¥ £ % JH 2 mol L' 4 1k %
(KCI) ¥ W02 $2 )5, ] 3% 8237 3h 43 Bt A ( FlAstar™
5000 Systems,FOSS,USA ) Il 5& ; - 38 Al ¥ ¥E A7 HL A
(DON) 2y DTN 5 EHLA M 2210 ; T3 M EY B &
B (MBC) il 2 (MBN) S F G 07 SR ZG B4 i,
A= T T BRI ) B i O A 4 BR) SR JH I A O
W
1.5 BESW

BAEJE 2 B 5 & B I ) Y 28 R R RR
BOHATARLAE [ H 53 #7759 B 5 — I Be N =45 & i
N, (kg hm*), [ Michaelis — Menten #%i % 354

FEAEREIAB] 12N, A R K, (), BL g
E MR T 2R 2 LA A X3 2k i b dg 0 SEBR
RN, =N, /065 HIELMER) =N,/
Ny x 100% , BV o8 09 % 1326 (9 80 o Ikt b
EICIR [

U VR 0 4% 3 A b B i g 2% 7 SR ) o 4 000
J5 22507, 2 IR ] Duncan 50 ~ 10 em + 2
LB AL S AR CURLEE KA AL SR A, L R A
LRI A ) 52 BURE IR 280 2 R (3 b 8
W, N HL 6 U, FISEHE 4 U, TR 6 W) HEFT R (8
I AT T 2 A T A 3 ) L B A T R
SEHb ) U R 1 2 S SR T S REAR LR L BdE 4y
Bk {FJ SPSS 13,0,

2 4SR5

2.1 JBRRJE 3 & HERUSAE

2.1.1 HERIE 2R F B B 5 2R b &
HE R G (BRI GE IS ) |, 44 2538 Hbjifi
ARG 245 & W2 T HA b 217 2 22t H A
WG B kS5 HAMIE2ZRAK(E 1) . ATHE2H
T3 B8 M0 50 Hh 0 45 % D e (a) 4, i e 409 Y
AR HE FEUE T IE R A B R R T R 9K )
PRLF, DRI 4% 30 L Ak 0 i) 4% % 25 S R 3. B E
Jo BRGNP R m) B B, — M & AR A 24 ~ 48
h ORI K B8 2) . 3RS (K L/ S
KT8 ) £ Ab# b K 9 78 {k & #5 DPS < DCF
<CF < CT,MARZERFH (HEE M) Zad K,
Hr 2 fb#3h CF <DCF <DPS < CT(F2), M3
KB TR WE 1 K H/AN T2 M (% 2),%0]
TH WA 2 28 2 M it A R0 R DA & X 2k
AR 2R . 3 A P B 4 B AT R D PR 2
HEZE 2 S M R 3 AR A9 B KO R T s A AR
JET AR 3T 6 T A9 ¥ 1) T R B b 2 T RS, T RE R
g H N &, N, Nyord 4F (2008 ) fiff 5%
BB, AE N RHiE R B 10 mm F1 30 mm B, &
Y4 ) H W R 109% F 30% 12 R I Y
L2 PPN K (R RGBS A TR T A
25 JL WS- S, T 7E AR 25 284 W A K I B it VE W
Ja (EPEE—WGBIE G ) , R &R DL a5 &8 ik &
BRI
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e adKA; bE b c/AESE; dRMEE; §FLFOREBIERE; A4S : CT-XHR, DPS-100%iH#, DCF-50%
BHAS50%ALHE, CF-100%4E)E Note: a. Cress; b. Radish; c. Pak choi; d. Crown daisy. Arrows indicated the topdressing times.

Treatment code: CT-control, DPS-100% digested pig slurry, DCF- mixed digested pig slurry and chemical fertilizer in equal part,
CF-100% chemical fertilizer

1

Fig. 1

FEAS A K 2 3 S HE 0 2R A 38 e T Y Ak
Brp R, B T AR AL 2 (&1 2) , B DPS
>DCF > CF > CT( =38 F =11.75,p <0. 001 ;8 [
M F=9.65,p<0.001; 134 F =6.73,p <0.001;
W F =15.38,p <0.001) . 2 Z=MFp e H 1
BAER AR T (p<0.05)  BIFF3eH < & b
W(E2);H DPS Ab Bl —Z LR EXE R, TEE
BIERERAEF RGN (F2), EFmEEH
P o R TR, R R R R E (A
2), x5 Das %5 (2009 ) 7 5 H o (4 BF 52 25 SR AH I
AT 2% Bt DR 25 5 A - 4 a1 4 & R KT
A HUIE G B 4 S 24 kB L I8 Y Ak B 4
FER MR A WA (1) HWR E ™4,
BW P &A KM NH -N, 0 pH KF 7.3, 763 52
S B AR A 5 R  HE i B KA, HONH, -N
Vi B R, SR MR (2) A LR 4 i
B2 7 A o VR B A R I AR R (3R E T
1 DOC [ & — 8k 700 ~1 200 mg L") ', A L)
Wk e Y Can AL 4B ) 3 M ik e
BURU R i R 18 20 & WAL G, I B B rh 3 A2 oy
e R R R,

2.1.2 BEBEHCREMA R K E RBME
BN )E , i E R 5 & & ] Michaelis-Menten 23y

T8 JE 5 3 Ml A% e R

Ammonia volatilization rate after topdressing in vegetable fields

KM ELE R 3, KA GE Nt s RREE
EaESHEANIIEGEY SRR B EKE(EX2),ZFE
(p<0.001) RFT24Z(p<0.01), Hr, ZFH4
PR & a5 AR LA FEAE DPS Ab B v i
E(R*>0.85,p<0.01) , & Z | & 7£ DCF 1 CF &b
B (R >0.98,p <0.001) o MBI 45 R 3%
B, & 2B i TR WG T S g S i BRI &
48 W36 5] 8. 68 kg hm ° 1 9.90 kg hm °, I 2 &5
T H 43 (p <0.05) , B DPS > DCF > CF > CT(
2) s E 2 13 Hb AT s b B 43 0 Gk B 10. 40 kg
hm R 11,61 kg hm ™2 (£ 2) B T 53 75 T %) HE 4b
(p<0.05), 5 AL 2= RN T (R2), FZFE
PR AN S ] 22 AN B 35 (3R 2) o R UGE L
AT 12 £ AR H YRR B A F
1) 4.5 4% ~9.1 %,

PSR MR B | b 3 it VA AL B R K
PR (LK 12% F18% , i 5w T Hfl ab 3, B
DPS >DCF >CF(p <0.05;32), X550 H iRl h
Jit P AR IE i 28 TR b (18 9% ) A S M (17% ) A 254
KM A T O R B S A N RS
(1.21% ~1.50% )", 32 2% [ 3 R T 75 b 38 it
VBRI FR I fE 2R 23% F1 27 % , 5 FHAth b 31 2%
AR B S TA R MM A IR IE SR
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Fig. 2 Average daily ammonia volatilization rates from four types of vegetable fields
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Fig. 3 Accumulative ammonia volatilization during the growing periods of vegetables in winter 2009 and summer 2010, respectively
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Table 2 Accumulative ammonia volatilization and loss rate of nitrogen from topdressing fertilizer during the growing period of vegetables
BH O HREH R FRHORH RPN K, T
Accumulative ammonia volatilization N ' loss rate f°
Season  Vegetable type Treatment  Planting time (d) (d)  Degree of fitting R*
(kg hm~?) (%)
A% K CT 93 0. 84 2.17 0. 80 " —
Winter Cress DPS 93 8. 68 1.23 0.85" 11.7
DCF 93 4.52 1.24 0.78* 5.9
CF 93 4.06 1.31 0.75* 5.3
BAEs b CT 67 1.12 3.15 0.83" —
Radish DPS 67 9.90 2.23 0.86 " 17.7
DCF 67 8.92 1. 68 0.70 " 15.8
CF 67 5.59 1.18 0. 80" 9.7
CES UNEES CT 29 1.91 2.62 0.95 " —
Summer Pak choi DPS 29 10. 40 1.57 0.98 " 23.3
DCF 29 9.54 1.58 0. 99 ™ 21.2
CF 29 9.81 1. 88 0.97 ™ 21.9
FNUREE CT 43 1.87 2.13 0. 98 ™ —
Crown daisy DPS 43 11.61 1.80 0.97 ™ 26. 8
DCF 43 10. 02 1.88 0.98 ™ 22.9
CF 43 10. 09 1.91 0.99 ** 23.1

TRy s Fll s 43 B E 7R p <0.01 F10.001 Note:

2.2 RHMIELZNZWETF

H T8 A B R, X A iy BRAL 48 A 0
T ANAEBE U ATHIBAT— K AG — K23 3 BURE , B A
RO S KRR AE R o WK HZ 2 0]
VR TS R A 48 U A5 e R R 3 I A AEAR R B AN
B Pk XE AR E R A SE AR o IR B3Rk A

#% and s### indicated the significance level of 0. 01

and 0. 001, respectively

R A SR JRE AR R X 45 R T R I B2 i TR AT RS I
RIREE AT o A5 SRR LB ME TR MBS ,0 ~
10 em + )2 38 B 7K 43 . pH .DOC .DON Fil NH," -N
T R YR Y R ROE PR S R R R B Y
KHEREE(F 3), Hrp,DOC . DON MBC #l BR 52 #%
AP S SNE XIN

*3 SEBERXEZEH50~-10cm T ETHEBHNERNRKEXEKE

Table 3  Gray relationship analysis between ammonia volatilization and soil physical and chemical indicators at 0 ~10 c¢m depth

during the growing periods of vegetables in winter 2009 and summer 2010

FET T - ,
TEM VWC pH DOC DON  NH;/-N  MBC  MBN MBCN BR  ¢CO,
Vegetable type  Samplesize
K
c (n=8) 0. 621 0. 645 0. 548 0. 623 0.681 0.579 0.675 0.644 0.201 0.682 0.014
ress
HAEE b
(n =6) 0. 669 0. 647 0. 623 0. 601 0.676 0. 597 0. 641 0.635 0.194 0.627 0.102
Radish
UNEPS
(n=4) 0. 606 0. 606 0. 644 0.719 0. 690 0.671 0.690 0.670 0.200 0.650 0.128
Pak choi
R T
(n =6) 0.593 0. 633 0.569 0. 647 0. 587 0. 641 0.674 0.658 0.188 0.642 0.144

Crown daisy

TE:TEM-0 ~ 10 em J- e 5, VWC-ARFR S K i, DOC- RT3 A7 AL oK , DON- 38 38 VA AL, NH, " -N-#e 35 %0, MBC- S ol 2 Wy 2 0 4k
B, MBN- - 3 {5 24 9 21 Wy 8 2R, MBCON - SR 24 90 21 0 5 gk R L , BR - S8 (ol 24y S ik O W 3 2, g €O, - B Rl = 0 A3 A Note: TEM-soil tem-

perature at 0 ~ 10 c¢m depth, VWC-volume water content, DOC-dissolved organic carbon, DON-dissolved organic nitrogen, NH, * -N-ammonia nitrogen,

MBC-soil microbial biomass carbon, MBN-soil microbial biomass nitrogen, MBCN-ratio of soil microbial biomass carbon and nitrogen, BR-soil microbial

basal respiration, ¢CO,-soil microbial metabolic quotient
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S MBC \MBN F1 BR 7£ 4% 6 JEAb B[] 22 5 .35 (p <
0.05),H DPS b3 & 3 i T CF Ab 3 (5] 4b ~ &
4d; Kl 5a ~ & 5¢), H 7=+ 1% pH DOC 1 NH, -N
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BH4575 [ [B1 Note: a. pH; b. dissolved organic carbon; ¢. ammonia nitrogen; d. dissolved organic nitrogen. Different small
letters indicated the significant differences between four topdressing treatments (p < 0.05). Treatment codes were the same as Fig. 1
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Fig. 4  Average soil pH, contents of dissolved organic carbon, ammonia nitrogen and dissolved organic nitrogen at 0 ~ 10 e¢m depth during the

growing period of vegetables in winter 2009 and summer 2010, respectively
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Fig. 5 Average soil microbial biomass carbon, nitrogen and basal respiration at 0 ~ 10 ¢cm depth during the growing periods of vegetables

in winter 2009 and summer 2010, respectively
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EFFECT OF TOPDRESSING WITH DIGESTED PIG SLURRY ON AMMONIA
VOLATILIZATION IN VEGETABLE FIELDS

Jin Hongmei Chang Zhizhou" Guo Dejie Wu Huashan

(Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Jiangsu Agricultural Waste Treatment and Recycle

Engineering Research Center, Nanjing 210014, China)

Abstract Ammonia (NH,) volatilization is a major pathway for gaseous nitrogen loss from fields applied with ma-
nure. To explore effects of topdressing of bio-digested manure slurry on ammonia volatilization, a field experiment was car-
ried out in a vegetable greenhouse, applying bio-digested pig manure slurry ( DPS) on winter vegetable, cress ( Oenanthe
clecumbens 1. ) and radish ( Rephanus sativus L. Var. Radiculus pers. ), and summer vegetable, pak choi ( Brassica
chinensis L. ) and crown daisy ( Chrysanthemum carinatum Schousb. ). The topdressing rates of nitrogen were 72 kg hm =
54 kg hm ™, 42 kg hm > and 63 kg hm ~*, respectively, during the growing periods of vegetables. Results showed that
(1) topdressing of DPS led to explosion of ammonia volatilization within 48 h; (2) the accumulative ammonia release of
the growing season reached 8. 68 kg hm > and 9. 90 kg hm * in cress and radish fields, respectively, which were signifi-
cantly higher than those in the plots topdressing with chemical fertilizer (CF) (4.06 kg hm * and 5. 59 kg hm ) ; how-
ever, in the pak choi and crown daisy fields, the value was 10. 40 kg hm "> and 11. 61 kg hm | respectively, which were
not so significantly higher than those in the plots topdressing with CF (9. 81 kg hm "> and 10. 09 kg hm *) ; (3) ammonia
volatilization contributed 11. 7% and 17. 7% to the total N loss, respectively in the cress and radish plots topdressing with
DPS in winter, and 23.3% and 26.8% in the pak choi and crown daisy plots in summer. The former was significantly
lower than the latter; (4) temperature, water content, content of soluble organic carbon, form and concentration of nitro-
gen, biomass and activity of microbes in the surface soil at 0 ~ 10 ¢m depth were found to be the main contributors to am-
monia volatilization. Application of bio-digested manure slurry in the vegetable field increased nitrogen loss through ammo-
nia volatilization from DPS per se and its stimulative effect on decomposition of soil organic nitrogen. It is, therefore, es-
sential to pay adequate attention to effects of temperature and application method in using bio-digested manure slurry as
a soil amendment.

Key words Ammonia volatilization; Bio-digested pig manure slurry; Topdressing; Vegetable field



