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Effects of biochar and ammonium sulfate on N.O and CH,
emissions from paddy soil with straw returning application
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WU Xiaoliang, DONG Zhaorong

(College of Agriculture ,Anhui Agriculture University , He fei, Anhui 230036 ,China)

Abstract:[Objective] This study analyzed effects of different fertilization treatments on N, O and CH,
emissions from rice in wheat stubble field in Jianghuai area and calculated the global warming potentials
(GWPs) and greenhouse gas intensities (GHGI) combined with rice yields under straw returning applica-
tion. [Method] The split plot design was adopted with a total of 8 treatments. Two main treatments consis-
ted of straw application (S) and straw removal (NS) and four sub-treatments included no nitrogen fertiliz-
er (CK) ,traditional fertilization (T0) ,black carbon and urea(T1) and ammonium sulfate (T2). The N,O

and CH, emission fluxes were monitored with a static chamber and gas chromatography method. The soil

Cdgfs AT 2017-11-03

[RETH] EHEEMPEITREHE (2016 YFD0300908-02) 5 4 M - AR 17-42 2R IF 55 5k 4 SR B S A 2R /e A = 5 |
(WB Pro No. 144531/GEF Pro No. 5121) ; Z Ul K818 )11 253551 H (AH201510364004)

[IEHFAD #ARA92—), B ZREEN B+, FENFHES RV AESRENR . E-mail: hanzq218@163. com

LGEMGEE] #EARAI0—) . B LBV B WL WL AE SN, FENEIE SRV AESRETR.
E-mail : d3030@163. com



136 PE JEAMB R 722 4R CB AR B 4 O AT

temperature, humidity, inorganic nitrogen contents and rice yields under different fertilization treatments
were measured and GWPs and GHGI were calculated. [Result] N, O and CH, emissions peaked after basal
and topdressing application under all treatments expect CK regardless straw returning application. Com-
pared to traditional treatments,the addition of biochar and ammonium sulfate effectively reduced N, O and
CH, emissions. Compared to T0,the addition of biochar significantly decreased rice yield and increased soil
NO; content and risk of NO; pollution to surrounding water regardless straw returning. Compared to TO,
ammonium sulfate significantly increased rice yield by 12. 27 % without straw returning and 7. 78% with
straw returning. Compared with straw removal,ammonium sulfate addition under straw application promo-
ted N, O emission but significantly reduced CH, emission, GWPs and GHGI. [Conclusion] With the in-
crease of CH, emissions due to returning straw to paddy field,substitution of urea by ammonium sulfate
was the best for reducing CH, emissions and GHGI, while increasing yield.

Key words: straw application; N, O;CH, ; global warming potential; greenhouse gas intensities;biochar;
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ST1,ST2,NSCK.NST0O,NST1,NST2, L% 1.
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Table 1 Experimental design and fertilization dosages in different treatments
A o
ey il 4t 3 SRE (N /(g + b 2) EBI SR/ (e b ?) BB/
Main treatment Deputy treatment Urea dosage Biochar consumption <8t hm
Ammonium sulfate dosage
At ZNE (CKO _ _ _
No nitrogen fertilizer(CK)
& Se it e (T0) 310 _ _
Traditional fertilization('T0) :
T FF 8 L (S) PERIR S DR AR WL (T 1) 310 150 -
Straw return Black carbon and urea(T1) :
B B R B (T2) _ — 310.5
Ammonium sulfate(T2) :
AN M (CKD _ _ _
No nitrogen fertilizer(CK)
. . RS (TO)
- 11 _ _
*‘Dﬂ BER(NS) Traditional fertilization(T0) s1o.
Straw removal
AR RS IRFE G (T 210 150 _
Black carbon and urea(T1) e :
D s e
Tt A R B (T2) _ — 310.5

Ammonium sulfate(T2)

BT A /0N Xt R0 B it P A [ O IR
(P,0;)78. 75 kg/hm*, # it (K, 0) 120 kg/hm’, %
A Ry FE B 0 A ) o A 38 s — PR A . AUIE R
2 TG R 40O A Ry FE B AB B 43 2 WA it T H 3
S AE 2015-07-04 A1 2015-08-15, /KAG#E AR 4
KIZE . IKFE SRR N ARG 24027, 2k I HLAG B 5 =X
T 7 H 5 A MAE CFhRE #47 BE AR BE 30 em >X(13.3
ALK 3 AR, NXEHK 15 m?
(3 mX5 m), AWk IR R IR A ALK )2
Z B OB A BT B B L SE 30 em, BB R 20
cm,

1.3 HmR&ESSH

R JHHAS W A6-GC AR 3% 12 00 2 A N, O
M CH, HEfcE & . HHIE 3 S ARKE SRS
5 mm JEW 5w AR ANE T 2 em JEEIKREE . K
T2 R B B IR 1 R o A it A S G i B
FEF R, RAERFE] A 2015-07-08 —2015-11-06, 3F
FERA LS KA B I (50 X550 X 50) em 44, 7K
FEHR W JE i (50X50X80) em ik, HLIGFLZ 5
FEAS IS A ] 5 T A S b S B B IS AR R AR
(50X50X10) cm, H 7K HEFTTT AL SR FE IS S K
G i ) (1R I R = i ) B i i i
08:00 —11:00, RAEFEBEIINEREZ)S 0,7,14,21
min KA, AT R B TE DU 8 JF 0 sk A IR BE . A

cm),

i Agilent7890A S AH 4 1% X 70 ¥ N,O F1 CH,
FRLUN,O B CHL Al HOE A 352 50 X
(D), FINACE 233 K R e A= 3 N, O #1 CH,
1 SR FRHE o &

F=pXhX(de/dt) X273/(273+T), (L
K F o N, O 50 CH, HEGH & . pg/ (m® « h)Ef
mg/(m® « h) ;0 HHR HEAR SN AR % B, kg/m’ 5 1
S RAERE B9 R B m de/de g BORL IR ) P SR R A
WA S S ER oL/ (L« W EL pL/ (L« h)3 T
R FE I TR PR FEAR N AP B L C
1.4 ZEREREMEBEEREEENNE

TE 2% 4 18 %= % (global warming potential,
GWPs) ) 4l 3 b, N,O R CH, ¥y $f i = i@ i
GWPs {i % #e ) CO, 155 %k, MR TPCC
0 AE 100 AR R RE BN, O R CH, 45 45 4
T HIE CO, 19 298 1 25 £ .GWP (kg/hm?)
HRAKXWT .

GWP=Rcy;, X25+Ry,0 X298, (2
A :RCHl il R.\Q()ﬁ%”%%fﬂﬂ(*g CH, fl N,O 1y
R OE 5 kg/hm?

1% S K 58 BE (greenhouse gas intensity, GH-
Gl kg/kg) & 25 & W4 I % 200 /Y 95 41 GHGI 3
AR AR A= 7 e BT R R X A AV R S I
HRAKX N
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GHGI=GWP/{E¥ /=4t . (3)
1.5 TEREEMENEASENE
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U B E .
1.5.2 EERMEAE BRI FA 5 A
FEETEREAS/N X B AL B 5 A s T B 0~
10 em 4 )2 HEME M . ¥ A 1 mol/L KCI K
PR 8E 1 h 5 ik, 8 A AA3 B3R 30 5t o it
A E IS AR SR S =

Dynamics of N,O emissions

N,OHE B B/ (ngem™>+h™)

1.6 HIEREBSSH
KA Excel 2010 & {4 ¥ 47 50 1 58 0 & 3% il
£, R H SPSS 19 B4t 17 07 2= 04T .

2 AR5

2.1 HALTHMBRTEYRMREBZIEAH
N. O HEB B 7 0
M1 AT EUE L T0 I8 2 5 AT 38 H I J2 7% Bk 2%
PET BT CK AR B N O HEHCF 22 R B {5
A, HoAt 3 Fh A B N, O HE 5 i 24 76 it 56 08 A
B AL H B0 f
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H # Date
SCK. % #F 18 B+ A Jiti ZUE ; STO. A5 #1318 B + 1% G M s ST1. 8 #1138 B -+ A= 9 ¢ R bR 25 it s ST2. R FF 34 FH + B ite B R 44 s NSCK. RS FF B Bk +
il ZNE s NSTO. FEFF A B + AL Gia I s NSTL. 5 FF 8 B + A= 9 s F R & Bt s NST2. 5 FF B B + M in iR 5 . T[]

SCK. Straw return and no nitrogen fertilizer; STO. Straw return and traditional fertilization; ST1. Straw return and black carbon and urea;

ST2. Straw return and ammonium sulfate; NSCK. Straw removal and no nitrogen fertilizer; NSTO. Straw removal and traditional fertilization;

NST1. Straw removal and black carbon and urea; NST2. Straw removal and ammonium sulfate. The same below.

Bl 1 FEAT I ARG BT A2 4 ¢ 0B R B 0 A T N, O il e £ 9 32 )

Fig. 1

XK R N, O ZFHHEHGE & (£ 2) 38 vl A,
ST0 5 NST0.ST1 5 NST1 43 N,O EFHHEE
25 SO I U RS AT A B R R A% S it A Ak
FRAVE Y e 5 PR 22 BC it Ab B N, O 52 B HE B &%
A R (H 5 RS AT RS BRAH L RS AR AR
EATi A R e A R 25 A N, O 2R AR HE i 2 1% 0. 23

N, O emissions under different treatments in the whole rice season

kg/hm? . BEAh. TCIRFEAFIE HIE R B ER AT T . 5
e 48 it NE A BEAH BE A2 ) 2 5 PR 3R TE T Ak B R it
B R B Ak B 2 W R AR T NL O 2R 4 il e
(P<C0.05) . B ZR 43 Hr 2 WL 5 AT a8 T A0 it FE A
B 22 HAE AT X N O HE B i 5 m oA i 2 (P>
0.05),

R2 BACHMBERTEYATREBEXNEE N.O f1 CH, RRFEHESHHMI

Table 2 Cumulative emission variance of N, O and CH, and double factors analysis in rice season

kg/hm?*

N O B i CH, REUHRE &

Nz O B CH, RBUR i

4R Cumulative Ny O Cumulative CH, 4t 3R Cumulative N, O Cumulative CH,
Treatment . . Treatment .. L
emissions emissions emissions emissions
SCK 0.417£0. 26 cd 2 495.59+78.58 NSCK 0.28%+0.02d 2 125.684120.32
STO 1.2040.05 a 7 347.914+155.82 a NSTO 1.05+0.08 a 6 560.134215.90 b
ST1 0.83+0.13 b 5 566.734+207.29 ¢ NST1 0.75+0.15 b 5559.16+91.76 ¢
ST2 0.70£0.10 b 3 145.86£371.61 e NST2 0.474+0.06 ¢ 4 152.69+487.81 d

TE I B T I bRk 227 R on= 3 TR SRR 5 b AN Rl /NG 5 B 327 A0 B ) 22 5 1 3% (P<<0. 05) . R 4 [d].

Note: The data are “mean standard deviation”,n=3. Values followed by different lowercase letters in same column are significantly differ-

ent at P<C0. 05 among treatments. The same for Table 4.
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2.2 HALTHMBRTEYRMBREXTEH
CH, HERH % ma
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R Z R BRI AE T S G NE AL BEAR BE L A2 ) ¢ 5
JR 2R I G P it L IR i Ak B ) RE B 2 B AIR CHL &
RRUHE HCE 5 FG AP B R B Ak BT I R A K
KPR 2 73 A 2 WL i A 3 BRI AE J7 X B0 58 LA
Xt CH,y BYHERCRE Wi 2. 3 (P<<0. 05) .
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H #i Date

Bl 2 FEAFIE BRI T A 4 5 R TR 2 4 A T CHL HE G (19 52 T

Fig. 2 CH, emissions under different treatments in the whole rice season
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CK AL & 8 B s B /N oh, oAb Ak BTG HL 2 & &

T i FH 2 HE 3B S J5 2 40 B A A ) e 5 DR R T
AL B JCHLA R 2 e T A AR . SRS IR R
b PR CTO) AH LE - Bt A7 R ¢ b P 2 386 fin - 3 NH.
T FEAR NO, i,

70
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2.4 BEFZTHMBBRTNOMCH HHEEES
TERBERFRIVNENEXNE
XP£ AL EE N, O, CH, HFjiki & 5 - R 5N
T R TCHLR S A DGR AT o b 25 R LR
3, # 3 B, ST1 f1 NST1 & ¥ NH,-N 5 CH,

H # Date
3 FEFFIC AL BR T AR W o AN IR 8 % A H -3 NO; -N & &2 19 %2 i)

Fig. 3 NOj -N contents of paddy soils in the whole rice season

HETBCE B AH O ik B A 2 K (P <0, 01),
NST1 4 ¥ NO, -N 5 CH, HEAl i & r9 45 5 M 15 3
K (P<<0.05), [ ST2 kb B+ 40 5 CH,
HEBCE A 56 M R 3 Ah, Hofth b H 4 HEE E S
CH, il i & A 56 M 3k 3 8 2 s ik B % K .
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Table 3 Correlation between environment factors,soil inorganic nitrogen and emissions of N, O and CH,

N, O HEjf i 7 N, O emissions

CH, HEjilil & CH, emissions

Trfi}iiem 1 22 19 22 . ﬁﬁ j'} A Ar;ﬁmlj‘ifum 1 2 il . ﬁh j'} A Aiﬁmﬁi;ﬁi—‘um
Tem Hum Nitric nitrogen nitrogen Tem Hum Nitric nitrogen nitrogen
SCK —0.32 0.16 —0.04 0.25 0.84"* 0.47 —0.34 0. 10
STo 0. 26 —0.16 0.21 0. 06 0.71** 0. 29 0.25 0. 21
ST1 0.12 0.11 0.16 0.18 0.63" " 0.23 0. 46 0.66" "
ST2 —0.06 0. 14 0. 25 0. 26 0. 45 0.45 0. 00 0.14
NSCK 0.17 —0.10 —0.33 0. 40 0.71** 0.49~ —0.22 0.08
NSTO 0. 31 —0.28 0.09 0.11 0.70"* 0.22 0.28 0.37
NST1 —0.17 —0.09 0.09 —0.02 0.68"* 0.26 0.56" 0.76"*
NST2 0. 04 0. 30 0. 39 0.27 0.48" 0.53" 0. 04 —0.08
o VR % ARG R A DG M ik 2 (P<C0. 05) B 2 (P<<0. 0D K-
Note:“ * ” and “ % * ” indicate significant at P<C0. 05 and P<C0. 01, respectively.

2.5 HALHMBBRTENRMFEEBREZX KB
ERGRBEEYN EESEEENFIT

o 4 AT, 5 RS AT B BRAH B . B CK Ah. 72 3L
b it A AL BER S AT 340 FH A3 BB S 5 MK AR = .
WREATIE 575, 55 AL Get HE AL BEAR LE . A2 9 ¢ 5 IR

Bl Ak P 2 S 3 R AR K R 5 R B A IR e Ak P

Rl BHIEHNBRTEMRNBRBRENKESER

HEE R EW KRR, LR LHSE, 5%
4 it AT A 3R AR B A2 W ik 5 DR 2R TEC it R B it TR i
AbHE Y RE W AR GWP R GHGIL. 585 FF 88 bR A0
Eb o B FE I8 B 25 44 T 500t B R 4 25 B AIR GWP L GH-
G, {H [ B 23 5 25 8 oK R i

ZRBEMMIE

ESHFEENZMm

Table 4  Grain yield,global warming potential and greenhouse gas intensity of N, O and CH, in the whole rice season

4k ¥ i/ (kg + hm™?%) LA R AR/ (kg « hm™?) E AR/ (kg « kg™
Treatment Yield GWP GHGI
SCK 10 290.48+203.79 ¢ 62 511.8141 966.36 f 2.6440.05d
STO 11 663.83+209.23 b 184 055.60+3 894.06 a 6.87+0.19 a
ST1 11 209.27+117.26 ¢ 139 416.80+5 182.99 ¢ 5.4140.20 b
ST2 13 095.214120. 80 a 78 854. 0349 316.09 e 2.6240.33d
NSCK 10 580. 62+290. 63 de 53 226.2343 013.63 f 2.19+0.15d
NSTO 11 064.204217.77 ¢ 164 316.60+5 406.71 b 6.46+£0.21 a
NST1 10 687.01+174.89 d 139 232.2042 255.99 ¢ 5.6740.13 b
NST2 11 924.96+104.61 b 103 958.004+12 197.79 d 3.80=40. 46 ¢
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3.1 RmEYRMFBRENERRESENE M

AHEIE K B TR RS R H 5 1 L 5 1% 55 it e Ak
HUAH E 2B W J 5 PR 2 TG it RN i G R 4 1 RE A%
FREAL N O RBHEBOE & . X AT REJE B o A= 9 gk
(18 B 2 TR R L R B o DA A 35 ok I8 AL SR 1 I o
VER S Wl 2> B g A6 I 0. B L BE IR T NLO i HE
B AR E R B, TCIe RS AT 5 A Ak
HRZM AR NO, -N 7 5 H) i 2 & T HAh 4
LK SRS RAEAE 22 5 AT ER N A ) e AR
REAIR NO; -N, U B 5 il Ak 3ok /% 0 g 32 ) — & 1y 4
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