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Effects of Pig Manure Applications on Ammonia Volatilization in Soil During Rice Season in Chengdu Plain
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(College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: A filed plot experiment was conducted to examine the ammonia volatilization in paddy field supplied with pig manure during rice
season. Ammonia volatilization mainly occurred within one week or so after fertilization. The fluxes of ammonia volatilization peaked on the
second day after fertilization, and then decreased rapidly. During the monitoring period, the average flux of ammonia volatilization was 2.87~
5.89 kg-hm™+d™, and the cumulative amount of ammonia volatilization was 43.72~87.38 kg+hm™, accounting for 24.27%~29.17% of total
amount of nitrogen fertilizer. Compared with the conventional fertilization, applications of pig manure with conventional fertilizers reduced
cumulative amount of ammonia volatilization by 4.21%~16.74%, whereas applying pig manure alone would promote ammonia volatilization.
The combined applications of pig manure and chemical fertilizer reduced ammonium nitrogen and nitrate in the water. The flux of ammonia
volatilization showed a significant linear positive correlation with ammonium nitrogen concentration in the surface water. In the treatments
with combined pig manure and chemical fertilizer, the rice grain yields increased by 196~779 kg+hm=, as compared with chemical fertil—
izer alone. Moreover, the applications of pig manure decreased the inputs of chemical fertilizers and thus increased farmers’ net income.
Taking into consideration of the environmental and economic benefits, chemical fertilizer plus 50% manure would be the optimal applica—
tion amount, which could consume swine manure up to 13 264.54 kg-hm™ and carry pigs up to 20.19 pigs-hm™

Keywords: rice; ammonia volatilization; pig manure; ammonium nitrogen
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Figure 1 Dynamics of temperature during experiment
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Table 1 Fertilization scheme(kg+hm™)
ALIE Fertilizers %
Qb3 Treatment . PO, 0 Pig maf;e‘(;;yﬁweight)
X} B Control (CK) — — — —

HHALHE Chemical fertilizer(NPK ) 180 90 90 —
fEHE+523 Chemical fertilizer+pig manure 25%(NKM1) 135 81.6 25786
fEHE+523 Chemical fertilizer+pig manure 50%( NKM2) 90 13.1 5154.6

$&2% Pig manure 100%( M3 ) — — — 10 312.5
$42% Pig manure 150%(M4) — — — 15 467.1
$42% Pig manure 200%( M5 ) — — — 20 625.0

0 "B AR
Note: "—" No fertilizer applied.
FHEER A Lb kA Tl 2 .
FH ) - 498 4 i i A X (DT8R FE KA A=
B, 2k R S SR R R R IR s A =X
(2).(3)15.

F=(M/AxD)/100 (1)
Y:iFi(n:l,2,3---13) (2)
SR RIISE=(Y/IN) x100% (3)

K F RS | KRR 25 Al it kg N-hm™?-d ™
M g3l S B B B RO A5 9 2 (NH,-N )4
KA, mg; A HUEE R E BRI A, m*; D R B IRGE
SRR, ds Y SR R BB kg N-hm > N
FRIE B IE R, kg N-hm™,
1.3.2 HEZACRA Sillliat
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FCEEEIE -
1.4 HiEAIE

7% S 06 B B 4i 4 43 A A1) B Microsoft Excel 2007
1 SPSS 19.0 H AR I E s HEA T 7047 -

2 HBRESMW

2.1 AE)HEAETEHRIE R SASFHE

A P A i 22 4% e e e B 1] 1) 3l 58 A
3 fron o A A5 Ak B S E B A A A
L, SLEREAL S 926 1 d SABIIEAE, 3 d PN R IR
R, Z I A I 18] AR HERS S 0 T X BEOK -, 2t E

AP R R AR 1 R Z . e S
M5 1 d AL B d i AR, FRKET, 5
NPK AbFEAH HE , 3% 2 AL AR LG | SRt g 25 0 B A 2
YRR BTy IR T 5.28%~19.57%H1 22.57% . {5 A.
ALFE M4 M5 Z & R, BONPK AbHR S T
3.45%~23.98% . H ARG 7 & 5 R H M5>M4>
NPK>NPKM1>NPKM2>M3>CK , 245 & F 24 v Tt
NG B2 A 224y, 36 T BB 3t FH BE A S A 44
2.2 AEIHEABFE H E K NH;-N 1 NO;-N B4k
e FH it A5 FH T 7K NHG —N T NOs =N i 2 it
[ SRR E 4 FrR . 403 NHI-N ¥k AR b
TR A — 3, B AR G 26 e it Ak BRI 34 PR
RIS 1 d, Bpig e APl HEAEE 3 d, 4%
Jit JES Ak FEEL L 1T 7K A5 v T B NHG -N 44578 1 R 2
N, B B[] A9 RS TR B IR M BRI, T I 2 X K
o RERR 20 AR R R ™ AR AR R A, AT
it NI 275 5 o FH 1T 7K 3R B 2R 3% ik 3 e R AT O 2
X RS . NO;-N 5 NHI-N 245 %58 AL A

(%]
(=]

~#-CK
-m-NPK
-#-NKM1
-~ NKM2
~Z=M3

-
b
\i{\ W M4

[Ne]
W

S
,..:J-;m._*..\\{,...‘
i . ¢

R Lmim
NTT; volatilization flux/kg N+hm=-d™
[

SKAERTE] Sampling day/d

3 T EFEAEAMEFE B SEL EEN
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Figure 4 Concentrations of ammonium-nitrogen(NH;—N) and nitrate(NO;—N ) in water in different treatments
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Table 2 Comparison of ammonia volatilization in

different fertilization

SRR BRI SRR ek
R Mg PR BB AARBUCK
AbF . . .. o Cumulative ammonia Ammonia
ammonia volatilization e e
Treatment flux/ke - hm2e d- volatilization/  volatilization loss/
ke kg-hm %
CK 0.89+0.09¢ 13.16+1.12f —
NPK 3.39+0.20c 52.5+2.26¢ 29.17
NKM1 3.26+0.19cd 50.29+1.87cd 27.94
NKM2 2.87+0.13d 43.72+1.33e 24.29
M3 3.16x0.21c 47.2+2.01de 26.22
M4 4.46+0.26h 67.71£3.72b 25.08
M5 5.89+0.57a 87.38+4.31a 24.27

RN FESIAS [FNG P 3R A 3 6] 22 5 18 2 (P<0.05) , T[]
V- R PR B R 2014 KRR R FEAL S 1~13 d I FodE o
¥IH,

Note: Different small letters within a column show significant differ—
ences between treatments ( P<0.05). The same below. Average ammonia
volatilization fluxes were mean values of ammonia volatilization in 1~13

days after fertilization for 2014 rice season.
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Figure 5 Relationship between ammonia volatilization and NH;-N in field surface water
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Figure 6 Simulation models for cumulative ammonia volatilization
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Table 3 Economic yields and benefit analysis under different doses of fertilizers applied

REFR KA Grain fLJEFAKA Chemical FEZEHAA Cost of pig A THAMA Artificial 4% A4 Total 4l A Net
Treatment  yields/kg*hm™ input/JG-hm? ammonium/JG - hm™ cost/JG-hm? cost/JG *hm™ income/JG *hm™
CK 6466+70d — — — — 17 199.56
NPK 833520c 229374 — — 2293.74 19 877.36
NKM1 8531x24hc 1 436.36 412.58 141.82 1990.76 20 701.69
NKM2 9114+22a 570.18 824.74 283.50 1678.42 22 564.81
M3 8984+23a — 1 650.00 567.18 2217.18 21 680.25
M4 8875+22ab — 2 474.74 850.69 332543 20 282.06
M5 8544+26hc — 3 300.00 11343 443437 18 292.66

R (£ri5 27 ) N 4.83 JT kg™, P05 5.95 76 kg™, K;0 8.3 70 -kg™;
A REZE) : 55 T8t AR = RS RAS - IE M A - N T A AR -

Note: Fertilizer price (including transportation costs) : N 4.83 yuan -kg™, P,Os

WM ATE T, Fi89%): 160 JT - RS 4% :2.66 7T kg AL

5.95 yuan kg™, K;0 8.3 yuan +kg™; Pig manure(dry weight, including trans—

portation costs ) : 160 yuant™; Rice price :2.66 yuan +kg™; Artificial cost(pig maure ) :55 yuan+t™; Net income =total revenue—fertilizer inputs—artificial cost.

(2293.74 5 +hm?) ,NKM2 ZbFEHE A AR AR (1 678.42
JG-hm™) 3f ARG R AR TR A, 4l
WA , Rt REAh , NKM2 A HRZl A (22 564.81
JG-hm™2), # IR S M5 b B A AR, 4 Bk
19877.36 .18 292.66 JC.-hm?, & A A NPK 4b
FH(2 293.74 50 -hm2) 5 M5(4 434.37 50 -hm™) 4bFH
FEAE R EA . PRI, B 3608 it R A AR &
LR, RIS SR FR50 I o4k IS 9 A 68 1R
Z—

3 e

ARG Ao P S R 00 , X it P P (42
FFFAE A 258 S5 AT 1 AR o A AL
Joi A AL IR S 4% R 2 S BRI S A 3, 5 &
HEAEREAL RS 1 d RS TIE(E, 25k PR, —
JJE T HRE X 5 [ N AMIFTE A — S, 2
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W, T3 NHE-N e B AR, 245 A5 o
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2 SEPR S A M RN e R R B AR R
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G B K AE T A K 31.67~69.70 kg N -
hm™, 5 ARG 45 FAR 2 o 78 LR R ] e S AR
3 pH  HHETAT O ANRIGKFE oA e, 1
eSS R B WA FSR AN, IR TR R e T
T HH 0 #5 FER, 5 R AR 9T KRS - S TEZERERY
W Ue 1 pH (45K 5.16 F15.8, TMiARE R pH
{E R 6.98, FHCWFFTM R, FIHEAHE LS pH{ER
IEAHSE R R Rl AEACIR B S /UK I, S
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HLER KA 1 458 pH, [] B T2 18 0% J 9 o 185 fin 1 1 458
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FEERFM - E P EE I R BRURRF A X SR Eio
R ARk RPN BT A LM R BT, I,
7 & BRI YRR 2 VRS A At R R 52 ), i
Tt — BRI IE
YRSy d N2 (A R T ol X 1
O R 2R A R A i — o 4% it A B it S 1)
18.6%~38.7% , i M #5211 E /ey Fr b i i o 26 A
RN RIUR R AR 17.95%~28.64% , 5495
B R B AR 24.27%~29.17%1 45 F HA
— 5 A/ INET BRI I R AR ST R, R R
KA 4 ) 7 JIE i Y 5.24%~7.13% 1
6.2%~8.5% , 5 A I 25 FAH L ik, P RE T UL
FHEAR G2, ARG X HU 2 180 k-
hm™ 777 At b DX it 25 A 200~250 kg -hm™, 5 %8 5
ik 350 kg-hm™?, & REUE—E , il & m &
P I 304 5 B0/ s HLvR , AR IS 7E K R RS A 5 JL K [
TR H — B T ACRE, i T RS =
pH {EAN R & B R PR R = R HEEH R
KRR, MK NHi-N 3 REI5E L1
BN E 2 —, 58 AR EA D AN 504
AbPE TR ZK NHI-N AR RS A — 2, 7EitiiE
JE g 1~2 d SR B , 2 5 iU T B, B8 10 i,
NO;-N 5 NHi-N 2 HIHEHA R, SHT AR
SEILILA— S K S e NHI-N 4R —
JEZ P, RS R R AR U (0 G R 4 . S 2 o
A FH it BEA SRR T TR /K NHG =N ¥ 2, )t
RTaEmLERE, TEHTHERRE, S
Rl NHy, @i NHy (IR #l <, 5 —
4 NHi-N B/KAB RS - 5IEZ, R L2
NH;-N S ik 5 b A NOs-N, B3I 1 T 7K NHi -N
W R R P S 10 2 A M 0 [, % Ak P
P J 3 i 55 6o T K R NHG =NV B2 A oG R Bk
0.729 3~0.893 3, RLRPEIEAH KR R, 5 A4/ AT S5
FELE A 22 %10(0.638 9~0.839 ) MW & . HE—3
UHIE T4 K B S I R K NHE-N (238 WA S
RTINS R, — N IR T S RE
S R BRI 1, A2 0 PR 2853 5 RIS, BTk

R P S A S A ZUS i e ], AT
PR R o AN, SRS K KR MR R, e
Bili 75 7K 4y KL IR, 38 Eh 5 R R A
R TR s R VE AR S e B RS AT AL HH
KT RZ 13 Eh, F2 R FREFFIRAE S IHFE—T
4 P R AR AR, T PR 2 3 B R RE;
tEE R EE R TR, ATREH T Mt A
o, TS SYHUE SR SR IRREA TS, T2
PR W BHRRVE FAREE 55, AR F T2 &

PN B e e G S Y S e e
NEBCHE BE B & P S R i, B M ISR ARG
i, FE R B REAIG, X S RN AR 4 A I G A
R—3, FEUHTRHRERARIFERICRES . R
T R G R HA WUTTAE 53 R v i o -3¢
JReiA T UK Rt BRI S5, 3 = T 8 FRoe R A R,
YRR S TR R ARIE I S il 3R
b, FEAR U™ , TRV AR E AR 5 5 1 4 25t FH L BB AL
FAAPRAR FHEE A BAS , B2 R e RIS (EAS KT

T T A0 e R 3 1ok, e A 26 it A
REA R 7 &l 1 5 TR K NHE-N R, BB
SRR AR S R 10 2 5 RN A 2 PRS2 %o} 8% FH B
Be e 2 Bl 25 5T 45 A T, i e NKM2 4b #iE K
SR KR K AR AR, B R AT A A A
FEASTHAN R 13 264.54 kg-hm™, AR SCHR[37]F1
[38], LEAE R HEME 2y 1.8 keg-d™, DU FH G A= 4 9 7K
N 20.19 3k -hm™, 7 KIESEPWF5E R, 7EOR
1 T B 7S A1 73 N 21 2 By e SR
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40.38 3k -hm™ H—E 2SR, FTREH TR
FEIEME -3 1K RS S A B RE R FIAS
G

4 #Eig

BRI A FH AR 7 25 A s 4 v AR
RAB I RFELAE — JE 22 N o TEREAS W S a] , 24
YN 2.87~5.89 kg-hm?-d™, Z4% & B E-N43.72~
87.38 kg-hm?, i B FH 1Y 24.27%~29.17% . §4
FEIE it FH B A A5 ATRRS FH 2 i i, 5 A
AALG, FEEEFNARIE Bt R s/ 2 5 ke R 2.21~
8.78 kg-hm™, Hujifi ol g FEAE U T 2HE K o

T HH I TE K NHG =N 5 NO3-N ¥ & 52 3 7
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TREWA CGEE I AT 5 % e, e+
¥ 3% 50 % 4b PG R A e AR, R I 900 3%
13 264.54 kg hm™2, A g AR # i K 20.19 3k -hm2, Bk

s‘?ﬁifmz BAARTISAL R, RIS AT 3RS A 22
if? AR 38 EAE AT A

S 3k

(1] FREEARAP R, AN I8, 4 E & B RS Yebiia -+ 1 MRIR]. b

AU PR ARAPEE, ARk 8. 2012.
Ministry of Environmental Protection, Ministry of Agriculture. The na—
tional livestock and poultry breeding pollution prevention"12th Five —
Year Plan"[R]. Beijing: Ministry of Environmental Protection, Ministry
of Agriculture. 2013.

[2] B0REFH, AR UERE, BRIFIX, 55 RIMEAUR XD ZE AU i Rl = <
PR THER RS LT, FREERLE, 2014, 35(2) : 533-540.

ZHAO Chen-yang, LI Hong-mei, WEI Yuan-song, et al. Effects of turn—
ing frequency on emission of greenhouse gas and ammonia during swine
manure windrow composting|J]. Environmental Science, 2014, 35(2):

533-540.

B17  #. REEAME BFRT TS P BT P E SO M,
2006, 14(2).15-18
SU Yang, et al. Research of countermeasures on waste treating of inten—
sive livestock and poultry farms in China[]]. Chinese Journal of Eco—A—-
griculture, 2006, 14(2).15-18

[41# ?*17?' V21, Wik, jE T, 56, AT IS R B “4R7 e 5 TR

SRR VR S IR R R[], Al Rl 27 4], 2013, 32(5) : 881-888.
XUE Li-hong, YANG Lin-zhang, SHI Wei—ming, et al. Reduce—Re-
tain —Reuse —Restore technology for controlling the agricultural non -
point pollution in countryside in China: Source reduction technology[J].
Journal of Agro—Environment Science, 2013, 32(5) :881-888.

[5] RIE R, JEMEE, PNACLL, &5, R OKAE - BTSRRI S L
IRETROVT]. VERIBSE, 2004, 4(2): 187-191.

ZHU Zhao-liang, FAN Xiao —hui, SUN Yong-hong, et al. The Taihu
Lake region on rice paddy soil nitrogen cycle and its environmental ef—
fects[J]. Crop Research,2004,4(2):187-191.

(6] ATHAa, BEFILL, HAREE . R DX FHAS [R) GUNE 4 AR =T 44

RAFFERFFT). A IR 24, 2013, 32(8) : 1682-1689.
YU Ying -liang, XUE Li ~hong, YANG Lin —zhang, et al. Ammonia
valatilization from paddy fields under different nitrogen schemes in Tai
Lake region[]]. Journal of Agro—Environment Science, 2013, 32(8).
1682-1689.

[7] Behera S N, Sharma M, Aneja V P, et al. Ammonia in the atmosphere: A
review on emission sources, atmospheric chemistry and deposition on
terrestrial bodies[J]. Environmental Science & Pollution Research Inter—
national, 2013,20(11):8092-8131.

(8] i i, sk m b, Fal2, 45, dbat 2011 4F 10 [ 340K 5
1E5 R PIERT]. BREERLEFSE, 2012, 25(11):1201-1207.

PUR 0L

GAO Jian, ZHANG Yue-chong, WANG Shu-lan, et al. Study on
the characteristics and formation of a multi-day haze in October 2011 in—
Beijing[J]. Research of Environmental Sciences, 2012, 25(11):1201-
1207.

[9] Krupa S V. Effects of atmospheric ammonia(NHj3) on terrestrial vegeta—

tion : A review|J]. Environmental Pollution, 2003, 124(2):179-221.

[10] Hayashi K, Nishimura S, Yagi K. Ammonia volatilization from a paddy
field following applications of urea:Rice plants are both an absorber
and an emitter for atmospheric ammonial[J]. Science of the Total Environ—
ment, 2008, 390:485-494.

(11354, 220, 1R i, 46 £03E X R AN IR) I Y 2 42 4 3
2R R HSEmR & [T). A= 53R, 2008, 17(4):1610-1613.
LI Ju-mei, LI Dong—chu, XU Ming—gang, et al. Ammonia volatilization
and its influence factors under different fertilization in red paddy soil
with double rice cropping system[J]. Ecology and Environment, 2008,
17(4):1610-1613.

[12] Br£rAfg, a0, SRR, S5 38 MR 2T RO S 35 & 52 [T
+ AR, 2012, 49( 1) :86-95.

JIN Hong-mei, CHANG Zhi—zhou, GUO De—jie, et al. Effect of top—
dressing with digested pig slurry on ammonia volatilization in vegetable
fields[J]. Acta Pedologica Sinica, 2012, 49(1) :86-95.

[13] HEA, BUEZ, F ik, 55 K X AU it FH % e FH 2 1Y

M), 3R, 2007, 44(5) :893-900.
TIAN Yu-hua, HE Fa-yun, YIN Bin, et al. Ammonia volatilization
from paddy fields in the Taihu Lake region as affected by N and P com—
bination in fertilization[J]. Acta Pedologica Sinica, 2007, 44(5):893—
900.

(141 ¥ 2L, IR, IR, 55 RFIK ZUE BT 7S I & 4R 40 R Rk

AT, A0lk TR, 2012, 28(11):99-104.
YANG Shi-hong, PENG Shi-zhang, XU Jun-zeng, et al. Characteris—
tics and simulation of ammonia volatilization from paddy fields under
different water and nitrogen management[J]. Transactions of the Chi—
nese Society of Agricultural Engineering, 2012,28(11):99-104.

(1514 FH. 2% W6, EHAL 55 ZBAERT R L I g A /N2 TR
RN WAL FREERLSEESE, 2015, 28(3) : 431-439.

YANG Yang, LI Na, WANG Lin—quan, et al. Effects of ridge tillage
practices on reducing ammonia volatilization from winter wheat fields
in southern Loess Plateau of China[]]. Research of Environmental Sci—
ences, 2015,28(3):431-4309.

[16] Z=VL5, Bhive 2, XL . 3 B S0 it FH X A 22 50 4 -3 B i 5%
)], A 224, 2011, 31(10): 2837-2845.
LI Jiang-tao, ZHONG Xiao—lan, ZHAO Qi-guo, et al. Enhancement of
soil quality in a rice-wheat rotation after long—term application of Poul—-
try litter and livestock manure[J]. Acta Ecologica Sinica,2011,31(10):
2837-2845.

(715K g, &KM8, 25 B, 55 B S F SAIEEC T B/ N 7 Al
Fe 53R FH RSN [T]. ZAAERIS 4, 2014, 34(2): 216-221.
ZHANG Ming, GAO Tian-peng, LI Ang, et al. Effects of different com—
binations of animal manures and chemical fertilizer on yield, nutrient
uptake and utilization of spring wheat[J]. Journal of Triticeae Crops,
2014, 34(2).216-221.

(18] mizA:, B b, HAE, 55 KIWA PLICHUIL B XS K A= e+

HEA USR5, TR, 2014, 51(2) :314-324.
GAO Ju-sheng, HUANG Jing, DONG Chun-hua, et al. Effects of long—
term combined application of organic and chemical fertilizers onrice yield
and soil available nutrients[J]. Acta Pedologica Sinica, 2014, 51(2) :
314-324.



2244

YISt Y S 34EE 111

(191 WP FFA%, 25K B, 2% DRV, 55 21 A% FH - M0 it FF 2 36 1 A 53 2%

Lo TG T ELOlRE, 2014, 47(2) :303-313.
LIU Kai-lou, LI Da-ming, HUANG Qing-hai, et al. Ecological benefits
and environmental carrying capacities of red paddy field subjected to
long—term pig manure amendments|J]. Scientia Agricultural Science,
2014,47(2):303-313.

(201 /RN, 5, B R%E, 55 B HLICHUIE R A bt X HOBIR %
THEE R ML) T E R R, 2012, 45(21) :4403-4414.
HAO Xiao—yu, GAO Wei, WANG Yu—jun, et al. Effects of combined
application of organic manure and chemical fertilizers on ammonia
volatilization from greenhouse vegetable soil[]]. Scientia A gricultura
Sinica, 2012, 45(21):4403-4414.

(217 EEARE, X2, ELResE. FHa) b3 a4 R i Js 06 D) 5 -8 S 1),
TP E S SRR, 2002, 8(2):205-209.

WANG Zhao-hui, LIU Xue—jun, JU Xiao—tang, et al. Field in situ de—
termination of ammonia volatilization from soil: Venting method[J]. Plant
Nutrition and Fertilizer Science, 2002, 8(2):205-209.

[22] Wang G L, Chen D L, Yong L 1, et al. Effect of soil temperature, mois—
ture and NH; =N concentration on nitrification and nitrification induced
N,O emission|]]. Chinese Journal of Eco-A griculture, 2010, 18(1):1-
6.

[23] Griggs B R, Norman R J, Wilson C E, et al. Ammonia volatilization and
nitrogen uptake for conventional and conservation tilled dry —seeded,
delayed—flood rice[J]. Soil Science Society of America Journal, 2007, 71
(3):745-751.

[24] LinZ, Dai Q, Ye S, et al. Effects of nitrogen application levels on ammonia
volatilization and nitrogen utilization during rice growing season[J|. Rice
Science, 2012, 19(2).125-134.

(251 1 . thHe e, XSHaTE, 55 ZK RSB X 7K e FH i) 244 K R 1Y
SEMA[]. AL FREER} 24, 2012, 31(10):2066-2071.

XIAO Xin, YANG Lu-lu, DENG Yan-ping, et al. Effects of irrigation
and nitrogen fertilization on ammonia volatilizaton in paddy field [J].
Journal of Agro—Environment Science, 2012, 31(10):2066-2071.

[26] Bh AR, X I%, sREURE, 5. B AL 2 L N, $5%

BRER AR I AL, A2752740, 2013, 33(18) :5556-5564.
MA Yu-hua, LIU Bing, ZHANG Zhi-sheng, et al. Effects of nitrogen
management on NHj volatilization and nitrogen use efficiency under
no—tillage paddy fields[J]. Acta Ecologica Sinica, 2013, 33(18):5556—
5564.

717 %, FEg, 5k NI, 55 2RSS 5 BN K] X g
KRR R KA LTI, FRBERIE, 2013, 34(1):27-33.
WANG Jun, WANG De-jian, ZHANG Gang, et al. Comparing the am—
monia volatilization characteristic of two typical paddy soil with total
wheat straw returning in Taihu Lake region|J]. Environmental Science,
2013, 34(1):27-33.

(28] BN, ZE0E 5%, 224, 45 35 2 HUIE AL AL BE it 3 ¢ 2R el 4

FeE R A]). K PR, 2010, 24(5) : 199-203.
GE Shun—feng, JJANG Yuan-mao, PENG Fu-tian, et al. Effect of chem—
ical fertilizers application combined with organic manuer on ammonia
volatilization in spring in apple orchard[J]. Journal of Soil and Water
Conservation, 2010, 24(5) . 199-203.

[29] # 3O, S, BRI, 55 AR LAl -1 J5iA 24 K 85 I
FEWEER. P E AL AE4R, 2011, 19(5) : 1115-1121.

DONG Wen-xu, WU Dian-ming, HU Chun-sheng, et al. Ammonia
volatilization and control mechanisms in the piedmont of North China
Plain[]J]. Chinese Journal of Eco-Agriculture, 2011, 19(5):1115-

1121.

[30] BB, i E NS, 2= W, 55 ZBAE R IRAR T M A 284K B

R[], R, 2012, 33(6) : 1987-1993.
SHANGGUAN Yu-xian, SHI Ri-peng, LI Na, et al. Factors influencing
ammonia volatilization in a winter wheat field with plastic film mulched
ridges and unmulched furrows[J]. Environmental Science,2012,33(6):
1987-1993.

[31] R/NAL, Bhrpsg, By AR, 45 ALY SR RS 22 s R iR g
WA[J). A ZS2E3R, 2012, 32(7):2119-2126.

ZHU Xiao—hong, MA Zhong-wen, MA You-hua, et al. Effect of fertil—
ization on ammonia volatilization from paddy fields in Chao Lake Basin[J].
Acta Ecologica Sinica, 2012, 32(7) :2119-2126.

[32] 2R, BT, B 5, 55, RIS ZE XA H I K AR 38481k

B R BRI R WA, Bl R R 257 4R, 2010, 29(5)
1000-1005.
PAN Sheng-gang, HUANG Sheng—qi, CAO Cou—gui, et al. Effects of
nitrogen management dynamics of nitrogen in surface water from rice
field and nitrogen use efficiencylJ]. Journal of A gro—Environment Science,
2010, 29(5) ; 1000-1005.

[33] Mo/, RFEFR, WRAEFE, 55, A5t e 5 AN R Ik I i Xef 7K A FH T

K G 2 AU 52 W [T]. K B DR Eg =4, 2014, 28(1):221-
226.
ZHENG Xiao-long, WU Jia—sen, CHEN Pei—peli, et al. Effects of dif-
ferent nitrogen and biomass carbon fertilization on nutrient loss risk in
field surface water[J]. Journal of Soil and Water Conservation, 2014, 28
(1):221-226

[34] TF T, ZRERYR, T mN, 5. ALK MXT T HeR R s K d

RIFZMAI]. AU, 2014, 45(7) :139-143.
WANG Zhong —jiang, CAI Kang-ni, WANG Li-li, et al. Influence of
surface application of biogas slurry on ammonia volatilization and dy-
namic distribution of soil nitrogen[J]. Transactions of the Chinese Soci—
ety for A gricultural Machinery, 2014, 45(7):139-143.

[35] RPFFEHE, X8, #7582, 55, AN Rt It 88 Xoh 21 4 s DXL 2 FH 21

HER 2] v E KRR, 2009, 23(1) :85-93.
WU Ping—Ping, LIU Jin—Jian, YANG Xiu—xia, et al. Effects of different
fertilization systems on ammonia volatilization from double-rice crop—
ping field in red soil region[]]. Chinese Journal of Rice Science, 2009,
23(1):85-93.

[36] Li H, Liang X Q, Chen Y X, et al. Ammonia volatilization from urea in
rice fields with zero—drainage water management[J]. A griculture Water
Management, 2008, 95(8 ). 887-894.

[37] Bassanino M, Grignani C, Sacco D, et al. Nitrogen balances at the crop
and farm—gate scale in livestock farms in Italy[J]. A griculiure, Ecosys—
tems & Environment, 2007, 122(3):282-294.

[38] #LLM, A, BRI, 55 B E IR ™5 RECFIHRS BB

JPEE ARl TR, 2011, 27(1):303-308.
DONG Hong-min, ZHU Zhi—ping, HUANG Hong-kun, et al. Pollutant
generation coefficient and discharge coefficient in animal production[J].
Transactions of the Chinese Society of Agricultural Engineering, 2011,
27(1):303-308.

(391 J3 RIH, 53037, VIR AL, %5 K X RE 36 M iR R T A BRI 5T

WESR AT, 2013, 26(10): 1118-1125.
WAN Da—juan, SU Wen—xing, XU Zhen—-cheng, et al. Determination
on maximum capacity of pig—manure fertilization for the rice paddy in
subtropical areas[]]. Research of Environmental Sciences,2013,26(10):
1118-1125.



