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Relationship between Trace Greenhouse Gas Emission and Water and
Nitrogen Utilization under Water Biochar Management in Paddy Fields

ZHANG Zuohe'” LI Tiecheng’® ZHANG Zhongxue’” LI Kai' LI Haoyu' KONG Fandan'
(1. College of Agriculture and Hydraulic Engineering, Suihua University, Suihua 152061, China
2. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
3. Key Laboratory of Effective Utilization of Agricultural Water Resources, Ministry of Agriculture and Rural Affairs,
Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to reveal the emission law of trace greenhouse gases from black soil paddy fields in
cold regions and the relationship between trace greenhouse gas emission from paddy fields and water use
efficiency and nitrogen absorption and utilization efficiency, two water management modes of dry wet
alternate irrigation and traditional flooding irrigation and four biochar application levels (0 t/hm?,
2.5 t/hm*, 12.5 t/hm” and 25 t/hm”) were set. Compared with traditional flooding irrigation, "N tracer
technology was applied to study the seasonal variation of methane and nitrous oxide emissions from black
soil paddy fields in cold regions under water biochar management, clarify the relationship between rice
water and nitrogen utilization and methane and nitrous oxide emissions, and calculate the global warming
potential (GWP) and emission intensity ( GHGI) of greenhouse gases. The results showed that when the
biochar application rate was the same, the methane emission flux of the traditional flooding irrigation
mode was significantly higher than that of the dry wet alternate irrigation mode (P <0.05), while the
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nitrous oxide emission flux was lower than that of the dry wet alternate irrigation mode. The total emission
of methane in the dry wet alternate irrigation mode was significantly lower than that in the traditional
flooding irrigation mode (P <0.05), while the total emission of nitrous oxide was higher than that in the
traditional flooding irrigation mode. The application of biochar had a significant effect on the emission
reduction of methane and nitrous oxide in paddy fields. The GWP and GHGI of trace greenhouse gases in
paddy fields under dry wet alternate irrigation mode were significantly lower than those under traditional
flooding irrigation mode (P <0.05). The application of biochar could reduce the GWP and GHGI of
trace greenhouse gases in paddy fields. The water use efficiency of dry wet alternate irrigation mode was
significantly higher than that of traditional flooding irrigation mode (P <0.05). Proper application of
biochar could increase the water use efficiency and the absorption and utilization rate of fertilizer as a
whole, base fertilizer, tiller fertilizer and ear fertilizer. GWP and GHGI of trace greenhouse gases in
paddy fields under the two irrigation modes were significantly negatively correlated with water use
efficiency (P <0.05). GWP and GHGI of trace greenhouse gases in paddy fields under the two irrigation
modes were significantly or extremely significantly negatively correlated with the absorption and utilization

2022 4F

rate of fertilizer as a whole, base fertilizer, tiller fertilizer and panicle fertilizer.
Key words: paddy field; biochar; methane; nitrous oxide
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Fig.3 Changes of methane emission flux of different

treatments in rice growth period
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DBO 31.07¢ 15.55¢ 36.09° 53.61"
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GWP fil GHGI 5 NUE Z [A] fAH G, T 1838 8 v
AR T R DR I == U GWP 5 WUE DL
GWP 5ANEE Ak L BENE LAY NUE 2 3%
TAHIE (P <0.05) ; A HIJR 2l = <K GHGL 5
WUE 2 ZERAX (P <0.05) , 5EM A FEAE
BEAE FEALAY NUE MR E (P <0.01) . 1%
G /K HE A X T A HUR 2R E SR M oWP 5
WUE DL K GWP SRE R (A& BEAE FEAEMY NUE 2
BEMAMK(P<0.05), 5HELH NUE 24 5 3E 7
(P <0.01); A% H R & =<K GHGL 5
WUE DL K GHGI 5 & B4 BEAR ) NUE &2 B 3%

R5 WHRZEZESMEH GWP 1 GHGI 5/kEF BRMBEXRE

Tab.5 Correlation coefficients between GWP and GHGI of trace greenhouse gases and water and nitrogen

utilization in paddy fields

GWP GHGI
A NUE NUE
WUE WUE —
#®ik FEHE gEn A ik FEHE BN A
38 5 T Tk —0.966* -0.933" -0.934* -0.951* -0.925* —0.975* -0.984** —0.985" -0.996" -0.978*
&5 5 K TR -0.945*  -0.917* -0.963™ -0.905* -0.899* -0.931* —-0.937" -0.993* -0.947* =-0.975™

T+ N 0.05 KPR w2 0.01 KPR,
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AHE(P <0.05) , 5FLA0 FEAR M) NUE 24k W %
TAHK (P <0.01)

3 g

FEZR AU TE M PR K RERIAR X, 5 K B AR
JTE R . AR I A it A R R AE TR A R
VAR = Joe S HE it Bl 35 e T G i K P A =K
(P<0.05), KAFEERW, T I KR A 35
BE 23 2o WY FH A e R 4 3% 3 R0 SR AR R
7, PR AR I JCRL 53 BE D/ D BRI 2 ]
o FH 498 5 /K TR T R, -4 AR i R
BT HEZ L5 O, & i SUTEEZ AL TR Ak
RAS, 2O W BE B 06 PE RS 082, B, AR
5 A MG FE B3 0t A A 45 A 3L ) PR e RT3 2
T/ A 300 I e s M A LR e s %) = 22 R PR
16 EW A I - K Ay i PR R 0, =
KAAAGIE JF R (Eh) B8R | SO fUAE ) i 5 ke A3t
N, KA R R AR H R B HE A SR R R 2
— T EEER T, 5o, S Y i
Fo BRI HE o S A0 BT A0 T 1 340 37 - S S K R R T
R - 33K A3 A /0 i 7 A 1R R e el o SRR 4
S B HECR D KR 2 AL AT IR
Gy, FEOP GRS HR, SHRE LR BT XA
FH - 45 7K it IR 32 AR ) TR it A B B B B ROK
PE R R v A R R, KRS IR
e 25 B e HE R 250k 1. 18 ~ 118 /g
F10.41 ~136 pg/g ™, —F 2 a A e HER 24 5
WE(P<0.05), M AREHEY RS R
MZs G B T R AL, B TR 4 0, %
R R AR T e e S A B AR L
DT 90 W e R, AR AR AR TR AL (/N
— 150 mV) J& F e 72 A (0 B2 45 1) Bh IR, 2
ik, RARSM LM Eh KT - 150 mV B4
AEZE B H %, 24 Eh M — 200 mV [ 3] — 300 mV i,
F e AR L3 N T 10 A5 2247, i HECR A3 n T
17 F5LA R e it o A 90 ok ] LA Jn 32 o,
i, PR R Bh I e R [l AR
YA KE K TR, K TR WA R Eh 1Y
VERIPO Anl LA e A i, 53 Ah, A ok 4>
W B6F - 8 A ML, S 0™ OBE B ik R DR
ARt A W R R 3R T A T 4 B AR T
TR GRS T FERRAR R A H R ] AR T AT
WRRAK IEZ G IR R L AR TARRXIK A
R B, TR AR R R F Y, ahn
TR TOR R TR R AR B P R AR R XK
SR R W, B i T REAE A K 4 R

SERIEAH G AR W SOR

IPCC 45 (2013 4F) 7R, B p= i Ak WA
PR AR TR ZE SR RN 2 CO, 1Y 265 435, T B 77 4
F e 7= A R 28 SRR S €O, 1Y 28 4351, Wil
VETBEASE A EL 0 28 25 T RS = B R 3 hin T By
P A A HE R AR AR T B o e
FRHE B, T A ™ o S AL R HE i A e
Y 1% 2247, Br LAAS HUJR 2 38 2= SR GWP
GHGI =22 il e HE Al Y . AH 8] A= 90 5 o it FH
TR AR AR U HUR R = SR GWP
GHGI o Z X TAE G i K HEMEAE (P <0. 05) i
AW IR ] LA S /> GWP GHGI, GHGI & —
THUE L AR bR, R T AN S VR e AR A A
LA IREZO PN B AR E K 20
FHAICHE A5 % i 2 AR HE R &= R GWP 52 1 43
Bt ST GHGI ARSI M IR AN £, AT
FEH K iz %5 T REAE K Z0RI PR S50 R e | 4Tk
WA GWP A1 GHGI A 5 B VIR & A0 G B 4
SR W o A 2R R TR SR GWP
M GHGI 5 WUE ¥J2 i 6415 (P <0.05) ; Fiff
TR R AR R R L = SR ) GWP GHGI 5 AUIE
Bk JLAE BERCFNFEAL A NUE 355 3% sliil w2
TR,

FE R AR T FE LR + X 56T K BRI B B
SAACT EHE R A T D . ARSI TN R
S F AR ST A H Y Jo R0 R AR S RCHETBOR A, LA KRS
VEK R FH X A R 2 38 28 SR HE il iy 52 i L%
A ) 5 I A BN B = R BRI OE

4 4k

(1) TR SR E A A% G2 1 /K EASE X A Ak
e PR g I i e DA (EL ) o BRAE AR RS 5 65
R 2088, AW sncite FH B A TR 2 e K
TR AR 25 Ak B Y g R o K i 9 S
BB, AR K E A AT R R
i WAL B S0 A Tl £ 300 T 4 5 7 e R A6
ARV S8 HE TR e ey 06 (L DU 7 4419 2 R0 o
B, A=Wy o it i R [ P, R 1 T S e A X
A5 Ak AR A SR HE TG o34 W A s TR G /K RE Ik
LS

(2) £ Wy 5 i FH kA T] I, R 40 1 5
A ) P e A T A2 A 1 8 W /K E TR A 5 IR
(P <0.05) , A= 9 Ji it FH 2 AR ] A, 8 £ i 52
R R R AR P T S R v T A 8 S 7K R
AR Wt i AR 0 A mT LA Sk A T R e AR A
W SRHER R A S A it P AR [ AR A
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LA R A GWP GHGI B FH R T1458
HEKFEWEBL (P <0. 05) , i i A= 9 o o] LLBH &8
I/ Fed R Ui = O L AR AL GWP
GHGI,

(3) A= 9 J5i it )k K T) s 85 A 0 58 5
WA WUE &35 & THE G KA (P <
0.05) , it A4 s il LA & WUE, {545 i /K
WAL R/ XT JEAE- N BEAE-P N EIE-" N () NUE
Bl A= TRt S (A G INI3  , IE 38 R IR
BT AL -PN B NUE AR TAZ 58 i K AR = 3l
SR AP R AT LSS RS AR 0 SEE-P N 9 NUE;
T A VWA 3 il A A ) T T LA AR A
XTEEAE- N FIFEAE-" N (1) NUE , HAH R A= 9 53 7% Jite

FHKSEF T AR G K HE I

(4) TR HE WAL T A HR iR = AR Y
GWP 5 WUE LA & GWP 5 & NE 1A  JFLAE  BEAR
LR NUE 52 8 & AHSC (P <0.05) ; A5 HYR 2 i
FEAMAM GHGL 5 WUE 2B A& (P <0.05),
HRMEEER FEAE BEAE FEALAY NUE 24 0 2 7
K(P<0.01), fEGeHE KM T RS R R =
M GWP 5 WUE DL J GWP SRR Rk BEAE |
LR NUE &2 5 # fAHC (P <0.05) , 5N W
NUE & B E MM (P <0.01) ;7 HIERIRES
1K1 GHGI 5 WUE A& GHGI 5 E I8 {k BEAC Y
NUE 2 B F A (P <0.05), 5HAE  FHAE K
NUE £ Z A (P <0.01)
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