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Effects of manure returning methods on greenhouse gas and ammonia e-
missions and soil carbon sequestration in wheat fields

ZHANG Yingpeng', WANG Li', YE Xiaomei', ZHU Fei', XU Fang®, YANG Liangjie’
( L. Institute of Animal Science, Jiangsu Academy of Agricultural Sciences/ Key Laboratory of Crop and Animal Integrated Farming, Minisiry of Agriculiure
and Rural Affairs, Nanjing 210014, China; 2.Gaoyou Center of Agricultural Technology Comprehensive Service, Gaoyou 225600, China)

Abstract: In order to clarify the effects of different types of manure returning and rice straw returning on greenhouse
gas and ammonia emissions and soil carbon sequestration in wheat fields, five treatments were set up in this study, inclu-
ding chemical fertilizer + rice straw returning, compost combined with chemical fertilizer + rice straw returning, biogas
slurry combined with chemical fertilizer + rice straw returning, manure slurry combined with chemical fertilizer + rice straw

returning and biogas slurry combined with chemical

oS H 25 :2024-07-16 fertilizer + off-site utilization of rice straw. The effects of
BT H LAl BHy A 2005340 H [ €X22(3009) 157195 different manure returning modes on carbon and nitrogen
FARA ML 7= b 45 A R R R R T [ JATS(2023)397 ] gas emissions, global warming potential (GWP) , net glob-

TEE R RIS (1991-) , 55 28N, Wi, Dy Emoe 5t £ al warming potential ( NGWP) and soil carbon sequestra-
MR 3% G 75 e 4 ) S R U AL R BF 5T, ( E-mail ) tion in wheat fields were analyzed. The results showed that
793379912@ qq.com the cumulative CO,, CH,, N,0 and NH, emissions of ma-

BIRIEE I/, (E-mail) yexiaomei@ jaas.ac.cn nure returning treatment were basically increased to differ-
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ent degrees compared with chemical fertilizer + rice straw returning treatment. The GWP of wheat fields under different

treatments was dominated by N,O emission, with a contribution rate of 67.4%-74.9% , and the GWP of manure slurry com-

bined with chemical fertilizer + rice straw returning was the highest. The cumulative emission of NH, and the total emission

of gaseous nitrogen ( NH;-N and N,0-N ) were the highest in the wheat field treated with compost combined with chemical

fertilizer + rice straw returning. The GWP and the carbon sequestration of topsoil in wheat field under the treatment of biogas

slurry combined with chemical fertilizer + rice straw returning were 20.6% and 2.87 times higher than those in the treatment

of biogas slurry combined with chemical fertilizer + rice straw leaving the field, respectively, and the NGWP changed from

positive to negative. Compared with the treatment of chemical fertilizer + rice straw returning, the treatment of manure com-

bined with chemical fertilizer + rice straw returning could significantly increase the amount of carbon sequestration in the

topsoil of wheat field, and the NGWP was negative. Among them, the effect of manure slurry combined with chemical fertil-

izer + rice straw returning method was the best. The results of this study provide a basis for manure utilization, emission-re-

duction and carbon sequestration in farmland.
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FEAZ R AR, RIERARUR R 4 BHEZ (0~20 em) AL
J i 28.37 g/kg, AT &= 1.91 g/kg, A
it 150. 64 mg/kg, AW E i 0. 93 o/kg, HUASBE & i
22.99 mg/kg, & & & 14.49 o/kg, HRLHP & &
225. 88 mg/kg, THEH T 170. 28 uS/cm,
1.2 #HKBER

PR AR R R AR B2, AL P ek}
A =ICEAIE(N P,0, K,0 F8E¥ 0 15%) JRE (N
N 46%) GEBERRES (P,0, &R 12%) fEfL
P(K,0F 52 60%) . & &5 FENEA HENE VA WFn 2
$ , FLA AT A VLT3 o RS & JRe A A B 2 w) DA 26
Syt el AU T 20 A0 3 5 A5 3 Y [ RN,
VB R RER e Al & A BRA B LASE 20 J5k
2y AR K e B 43 B T A B S 75 3] A R 1k 3
JE 2 A N T4 A P ik SR AT B R LIRS 3SR
FEOR}, Gt RE L BE T AR 5 A5 30 1 R R &
RIZEAE, (AR ER PR L 1,
F1 HWBUER

Table 1 Chemical properties of manures

1.3 Rt

R TN Z AT, IR 5 0B, 4 Ak
JE-+ 7K RS FFAA FI AL (FRS) M AR Bt A0 AE + 7K R il
FFiE FHALFE (CRS) | A VR Tt AR AL + 7K A S F i Ak
FH(BSRS) TR AL AAE+7K F A5 FF 25 H AL BE (BS) |
FER T ACAL + /K RS RS FHA AL B (SMRS) . F4~4b
3 AEE . ARYR AT SN A T R AR
BEEAL A N 257 kg/hm® P,0, 36 kg/hm* | K,0 63
kg/hm’® , S SCHRRIE ", LR e, B8
HERE SRR A ECHE F B A3« 7, RS AR A L e He
B 2 SN R RCE LL B3R5 - 5, A B FEnAL
FRABEA A A0 IR AN S A FR A TRb 7T, 45
ACFREAT R 0 W2 2, T KRR FH I BRI LIS
JEVIREREAT , 42 MRS g0 A B 43 SR A AT 5 25
HEERE A T 2RI H, 7305 T 2022 4£ 12 H 9 H |
2023 42 H 10 HA12023 4 3 H 23 Hiita AL 2
UGB, Horr AT R N T4 7 X 4 3 S AT it
FH VW 2R R N T 080 AR R AE I 43 3
U, Fe o3 2 10 15 A B Rt ], IR

e HOREE  AKEE AsR SESRE RILALA 2 YGEEAE A EL 2 10 2, R /NX
FIEHE 7 kg) (/kg) (ke)  (ke) ‘
g g ¥ £ AR 32 m* (4 mx8 m) , £5/NXZ A 1 m 5L
HEAE 241.6 23.2 11.1 22.0 . \ o . -
y GEopely A A BT 5 T R TR A HE K R
HI 1.7 1.2 0.3 1.1 N N
AW AT, BRut RS S et e AR 2443 B A 7 0
K 4.9 3.2 0.2 3.0 55 THH e S
BB AT,
X2 ARELLEREIRER
Table 2 Fertilization of different treatments
s fEAE i (kg/hm? ) EEEIAE (hm?)
HHE JRE T RS Afbep A B %
FRS 240 480 - 45 - _ _
CRS - 390 - - 3.3 - -
BSRS - 280 - - - 107.0 -
BS - 280 - - - 107.0 -
SMRS - 280 145 - - - 40.1

FRS : ALHE+/R FEFE AP H 5 CRS AL HC AL HE + /R R A FF34 H 5 BSRS : T VR M AL AL + /K RS AT 348 5 BS - TR BCHE AL AL + /K RS A5 F1 25 11 ; SMRS

F AN K REREFE S B LA

1.4 H@RESNE

141 EEHZBRELSRE  T/NEREF AN
e I 2R «S™ Y 2 5 BURE R SR SE B
JZ(0~20 em) IEHEGL . AR DU AL RS ] A
BHASERE N M0 %, 24 AR IT i 0. 15
mm Fii , R FH E B TR R 2% 1 v I A 1 1A MLAR 7% &
SR IR TT 3R BURUIR 00 5 + e

BHVEE T3 e iR (1) 15

M,,=(SOC,xBD,-SOC,xBD, ) x20x100 (1)

KMy 0~20 em HFJZ TR R (kg/hm?)
SOC,, SOC, 735\ 0/ NAARFHF AT AR 1) LA HLak
F i (g/kg) s BDy BD, 735l /AR R ET AR IS /Y
FIEZE (g/em’) 320 A1 100 43510 +HEVRE (em) A1
LENE RS T



1646 H K&k 2% W]

2024 4 5 40 & 9 1

142 &AMHRFESMNE RABSHRERE
4K CH, . CO, fl N,O, B &4 MEHAERA L
i (PVC) BT, A THAR (55 50 em 44 30 em) Al
JRJAELH K, THAR e/ INAUS AR S) SR, /2
TR SRR B e T R R, SRR TE
JUGJBE b BB IR T K B J o IO TS T 1A o LA
WG A S, AR S B 550 S 10 min 20
min 30 min A A ZERIECE N A 200 mL % 2
FRIASE A s B REOGIRAE , IR B 10 SR FE R A S
Tk, SRR LS RS SRS I S50 2 3BT, SR i) ] o
#£9:00-11:00, /NAZREFIHT 1 d RAE 1R, 5 3R
15 d 2247 KA 1R, HAE RIS 56 2 d M0 19K,
e s/ N R, REMSIEFIH GC-2014 RIS,
AR ( H AR S8 w7 il ) 0 i s AR S £
TR B Hayasep-D RS+, SR & KOG B Al
#(FID) 43 M CH, . CO, ¥ B, >R FH H 1 41l 2 4G I
#¥(ECD) 4387 N,0 WREE , (2341 FID \ECD JiEE 5311
BE N 50 °C 250 °C 300 C.,

R P AR -0 R W SR AR NH, SR iR 25
A 50 mL 0. 01 mol/ LA iR W U 1Y 7% A LR il
TR ASAE PGB T g B KRG L 3 A v 0 K O
5 BB PATHAS , WK 30 min, SRRESS TS R [a] 52
Bl SB-6D T 42 UM I A (A6 5 AR
A B T ) A W SO R B . NH, SRAFE RS ]
LR E S ACREEI R — 2K,

CH,.CO, 1 N, O Ay HE ok R % FH 5 (2) i
B

F=px(dc/dt) xHx273/(273+T) xk (2)

K F O E SRR S o co, HEUH
RHAT Hyke/ (hm® - d) ,CH, N, O HEf s &K ¥ 07y
g/(hm’ - d);p R FR RS TR E KW %K
(kg/m*) ;de/de A 30 min SRS B BEE A NI E
AR [ mL/ (m® - h) |5 H AAE (m) ;T
SRR YT (°C ) sk BB R 8L, Hod co,
4 0.24,CH, .N,0} 240,

NH, HEH #2Rk A (3) 5

CNH';XV
‘t x0.24x(17/14) (3)

X F O NH HEICE R [ g/ (hm? - d) ]; Cy,
R P TR W (mg/ L) 5 VA W AT AR
FR(mL) ;A N 3 2S5 AR R T AR (m?) 5 ¢ Sy WO ]

(h);0.24 F117/14 53 58 B0 0 55 R AR N 2
NH, 538 R %4

CH, .CO, \N,O Il NH, i) Z2FUHERCE R (4)
D,

E=Y(F, +F,)72x(t,,,—t,) %k (4)

K E SR BRHEECE (kg/hm® ) 5 F
CH, .CO, \N,O F1 NH, HEBGHE 5 1., — ¢, 4 R AF ] B
KA A RFEREL b R i 358 28, Horh €O,
1,CH, .N,O 1 NH, & 107,

SERIIREACR R (5) TR

CWP=E iy X28+E\ o X265+E ; X (14/17) x 1%

(44/28) X265 (5)

K. CWP R A BRI # (kg/hm?) | DL 4R
R RIS By JEy o M E 735108 CH, (N,O Al
NH, i 2R R 14/17 9 NH, 2 N B8 28
19% ¥k NHUURR 427246 N,O0 By b, DA N 35
44/28 3 N 2 N, O 1Y#55 2 %k; 28 Fl 265 4351
100 4E RS CH, A N,O [3EIE T H

Hr R R AR I (6) T

NGWP =GWP—-M,,x(44/12) (6)

K NGWP T GWP 5351 4 1 4 BR 1 T 7 4
BRI (kg/hm*) |, L T EALIR 2 5 38R M,
H0~20 em B2 4 E ik i (kg/hm®) 544/12 3 C
2 CO, 4 R AL,
1.5 HESGITHHF

I Excel , Origin SF 3K 4 PR 4750 P8 Ab B | 1K1 3R
221l R SPSS B, R R B 2 5 25 4 i K S b
P22 5 (2=0.05) .
2 GER GO
2.1 ZEEFEERITZH CO,HEMH RN

FEAE A HAR 0 22 H CO, G =R (152 i 4 4]
1A s, MEITRETLUE 1,5 403 CO, HEm %
AR IAR — B, 45 HE A HT Sl 4 I, co,
HERH R — AR T 20 kg/ (hm? - d) , B4 )5 5 IR
HAEAYE R , CO,HERH A7 T8 &, 317 5 Bl 5 7
JE it FH B /N2 AR R PR3 K, CO, HEIGHDR T 3
H N ARSI B 5 45 A0 3 CO, HERGE R 28T
Rekadh, AR HERE R E A Co, BB I
K 1B, FEARECHE A AR AL B ) cO, EAHE & b
it FHALAE AL BRER29. 1% ~45. 3% , Hidh SMRS Ab 3
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CO, 2R e =, 5504 147 kg/hm®, A[EZEAE
T it A A A 35 1] 8 A — 28 1Y 25 5, SMRS 403 CO,

120
100
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1 1 1 1 1

J

CO,HEEE [kg/(hm? - d)]

ffE] (H-FD

—=—BS; —e— BSRS; —a—SMRS; —~ CRS; —e—FRS

0
12-05 12-21 01-05 01-21 02-05 02-21 03-08 03-24 04-08 04-24

SRR B3 T CRS A0 BE B 0E L 12. 6% ,{H
5 BS Fl BSRS 4b# cO, BFHEE LI &2,

5000r
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b T
< 4000r & I b
6 T
= 3000F <
%(
= 2000F
=
B¢ 1000F
o
© 0
BS BSRS SMRS CRS FRS
Kb

FRS.CRS .BSRS.BS.SMRS .36 2 {1, #F L AF/NG S HE 2R 40 B ] 22 57 .35 ( P<0. 05)

E1 AELE CO,HMIER

Fig.1 CO, emissions of different treatments

2.2 ZEEFEAKEKITZRH CH HER A

FEAE A AR SO 22 T CH, HE 5 A 52 i 4 4]
2A i, MWEIHATLLE H, SMRS 23 CH, HETK
BRI FE T HABANEE ) FRS ACBRAY CH, HERGHE
AT AR, 45 A0 B CH, HE A S 0 {E H B0 A [R] R
A, AFALHEAEF Z R CH, REHER
WA 2B s, BS.BSRS 1 SMRS 4b B[ CH, 2

CHHBHCHE 3 [g/(hm - d)]

7
—4 1 1 1 1

Heplc it .35 % T CRS M1 FRS Ab 3 Hivh SMRS Ab 3
ik# 0. 55 kg/hm*, 4351 )& CRS F1 FRS AL FEH) 2.5
f5F0 3.8 £, ANIEALFRY CH, B FBUHE B & Bk g
i, RN CH, M FSHEROR . FRZE R U], SHEA
C it A IS R Bt it FH A A A L A W B8 3% 3K B it £
NES:HE A2 1 CH, HEmce , Horh, 28R et A e 5
il b H E AR PR CH, HER 3 s fch 2 .

0.60-
0.50
0.40+
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B a
T

HO
HT
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AP (kg/hm?)

=1
=
e
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i1 (H-H)

1 1 1 1 |
12-05 12-21 01-05 01-21 02-05 02-21 03-08 03-24 04-08 04-24

—m=—BS; —e— BSRS; —a—SMRS; —»— CRS; —e— FRS

0

BS BSRS SMRS

paszil

CRS FRS

FRS.CRS.BSRS.BS.SMRS W.3% 2 i, # EAF/NG FHRE 2R B R 24 5% 5 3% (P<0.05) ,

B2 FEAE CH HEMIER

Fig.2 CH, emissions of different treatments

2.3 ZEEFEMARKITZB N,O 1 NH, HE A 220

FEAEIA AR 22 T N, O 1 NH, HEBCAY 5206 1
Kl 3 i, AWEIHATLIE 5 A EER N, O HEBGHE
AR FEAR — L, A0 B N, O HEOHE 2R (1) i {5
Y PR T AL )5 . BSRS A1 SMRS AbHEf N,0
SRHE L & B w4 38 1,63 kg/hm® Al 1. 64
kg/hm? , F Ho At b 33 H119.2% ~ 34. 5%, 5 AL B
NH, HEjil s R SR R it e 5 e s, Hos 2202

RS, 5 b PR NH, HERCH S04 (5 H B0 (R4
E—EMZES . CRS A3 NH, BRHECR 5, 18
1 47.96 kg/hm®, bbb B8 5 ) 14.4% ~ 38.8%,
FRS AbFERAR
24 EEFHEXMEZERASSEHMEENEMW
FEAEIA FAE T 22 F S SHE RS R S I AN 2
3R, AR FELL NH,-N I CHREL, & Hak 2
96% LA I, CRS &b 3 1) <8 A HE R i 5 K, 5 5
40. 34 kg/hm’ | LU HABAL 35 1H14.3% ~ 37. 5%, 1] FRS
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AP A HHRUR R AR, 50 29. 33 kg/hm®, B35 FENEPCHE AL S0 in 22 S AR, Forh e AT
MCTHABAL P, FIRZRGE, SMpE e, RO AACAL B R S A HE R R i o W

= 35 — 1.801 a a
g B

7 30 E oo ! I . .
= & l4of b T
£ » ]TE 1.20f —=

on

= 20F, = Loo

¥ = 080F

i = o060t

= 8% 0.40F

Jezam

o, S.  0.20f

z N
= & 50.00r a
° £ D b £
; S 40.00L [ ¢ be
g g2 9 : d
e ¥ 30.00-
i 2
) = 2000t
= =
e B%  10.00-
:[:"’ T
Z 0 1 1 1 1 1 1 1 1 1 Z 0

12-05 12-21 01-05 01-21 02-05 02-21 03-08 03-24 04-08 04-24 BS BSRS SMRS CRS FRS
e (H-H) AP

—m=—BS; —e— BSRS; —a—SMRS; —»— CRS; —— FRS

FRS .CRS.BSRS.BS SMRS L% 2 1, # b AR/NG FRER R AL B 22 5 835 (P<0. 05) o A:N,O HFHU#AR BN, 0 HFEI A €. NH, Hf
JBH A D NH, BRBHE

3 AEAIE N,O F1 NH, B HERUIE R

Fig.3 N,O and NH; emissions of different treatments

#3 FRALBSETHRLE 2.5 ERFABEANZHESIKIGRESE (GWP)H
Table 3 Total gaseous nitrogen emissions of different treatments gz ﬂrﬁ]
wm N0 P Nl RN - Oy S S S A RSB 145 4 RS,
" g/hm) (he/hm) N,O B BEHERO 2 H GWP (1 IR 7, 5 L 35 5
BS 34.51:0.81b 0.780.03b 35.29+0.82h 67:4%~74. 9% . 17 CH, HERCH T 1k 20 H0.8% ~ 2. 6%
BSRS 31.66+1.30¢ 1.04+0.04a 32.70+1.27¢ SMRS ALFY) GWP 35551 587. 64 ke/hnt, 5 BSRS AbFETG
SMRS  32.88+0.10bc 1.05+0.04a 33.930.07he 2R (HI 2T BS .CRS H1 FRS ALHH 3/ ik
CRS 39.50+0.73a 0.85:0.02b 40.34=0.74a F 22. 7% 12. 2%K11 21. 0% ; BSRS AL GWP | BS b3
FRS 28.46£0.47d 0.87:£0.04h 29.330.51d $4I1 20. 6%, 11 BS ALHILE] FRS Ak HUAHIR H & JC .3
FRS .CRS .BSRS BS SMRS W4 2 V&, IS0 n A i don  Zegt, LaRZEIRH , SIARAN AR LY 2K sl e R it
AEFRIR) 22 50 % (P<0.05) PRAE S 7K REREFTA H ARSI HIEY GWP,

*4 TE4LIE CH, N,O NH,HE Rt £ IRIEE#E (GWP) H STk
Table 4 Contributions of CH,, N,0, NH; emissions to global warming potentials (GWP) of different experimental treatments

e CH, HEif it N, O HEjl NH, HEfil 2= cwP
(kg/hm?) (kg/hm?) (kg/hm*) (kg/hm?)
BS 11.57+0.35b 323.79+10.99b 143.73+3.39b 479.09+11.96b
BSRS 13.05+0.47b 432.64+18.63a 131.86+5.41c¢ 577.55+15.86a
SMRS 15.27+0.44a 435.42+16.61a 136.94+0.40bc 587.64+16.25a
CRS 6.05+0.55¢ 353.07+7.47b 164.48+3.03a 523.59+10.77b
FRS 4.02+0.86d 363.04+17.09b 118.50+1.96d 485.56+19.49h

FRS.CRS BSRS.BS SMRS L3 2 {1, [A]—FAS [a] 7 B 3 Ab # /] 25 57 18 3 ( P<0. 05) ,,
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2.6 EEFAEKXITERTIEERENTM
FENE A FE AR X 22 - S8 31 e 2 149 5 i 4 €] 4
Jim o I RT DL Y 1 s e DA K3 /) 1) Ah 334K
Y H SMRS . CRS BSRS . FRS | BS, H:t' SMRS . CRS
F1 BSRS 4b # fY [& B & 53 51 24 295.95 kg/hm”
227.21 kg/hm* F1 205. 96 kg/hm”, 53 %] J& FRS &b B
[ 3.23 2. 48 F1 2. 25 1% ; BSRS &b B A4 [ fk 2t ]
BS AbHEIY 3. 87 £, Wl 152. 68 kg/hm®, I
REE SRR | 5 HA it FH Ak AR K RS RS AT 25 HH Ak
AH L, ZEE B f0 BE A K R Rl #1340 HE A B 257 mT L) 34
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