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SN LR R X RS 22 S AR P R I, AR AE 20
A1 40 t/hm? i Fi] % 14 4 28 2= GWP Al GHGI 4 . %
FHVER, R E g, R eI P A
FRIIR 8 F A 2B W 5 oh iR & AR AR HE IR S i A sk — b
W7,

JEEER SR (BRI AERE) Zi
HE W) o3 FR R A DL R R 4K 2 (1) — R A R T i AN AR
FoRI— KRS THEHRY. BEREA R KNE
AR RN Y BB AT, 7] DA A - 33 i R 7 i 3 - g A 1tk
Ji, demm L pH M E N &R, S LR, 12
FrHHEE ), FEEEmre B, SRR s R
FR A I & SARHE IR 7L b, SUN 260 Bif ek B,
A3 S BEER (N IR HE T NLO HERL, % CH, HERG™ 4=
e AP

AL REZ R AE RGN AN B, TR AEY R
5 78 B R e ] 5 TR A e L 5 CHL, A NLO HETBG i
IR 25 A VR BTG 24 S R AL A iR S N AR =
SARBRIE, B TELE A VP e AR 4 R B R ) RS A
VE R GUIR = SRHERBU K 0.

1 RS

1.1 RIEXER

PRGN T I 22 X8 (30°25° N,
119°45° B, HuAbWriT A vadbis, J& F vy 2= RS
i, PR ELI N 1614 mm, FEWRKEZRAERE4H
a0 A A, EF8EKH 158 d, - FHRIE
16.6 'C, EFITFEY 241 d, 4 H B %55 1900 h LA
b, RHERMETEE AR L. KA HBENE
MRS ET A 1.
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Fig.1 Dynamic changes in daily precipitation and temperature
during the rice and wheat annual rotation cycle in 2021-2022

1.2 RIEWIH5HEEE

A AR R CEYR AR FEIR ) (1 H [R5
A A B A R R B R S IR LR 1. AR T AR
Vi NI R e AR A TREA R A 54t BUKAE
FEAT IR RE SR 600 C AR AL . TR IR 2 5
BICR BT IR B, A=A R R JE B R TE e T 35
1 2 mm FALER, JLEEAFLIE R A 2. AR AT

FRT 2020 45 7 A 11 H—x PR3] 1:3% 0~20 cm #HE
2, FLAMR. M 3 RER, R 18 4
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Table 1 Field experimental treatments (thm?)
Qb3 PRSI & JE& BE R 7R N &
Treatments  Application level of biochar/  Application level of humic acid/

BOFO 0 0

BOF1 0 0.6

BOF2 0 1.2

B1FO 20 0

B1F1 20 0.6

BIF2 20 1.2

F2 HEVIRMEERREARBLM R
Table 2 Basic physical and chemical properties of biochar and
humic acid used

iH BB 2R pH
Item Organic carbon/(g-kg™')  Total nitrogen/(g'kg ')  pH value
AW
Biochar 140.9 5.9 8.51
Hﬁg&-ﬁﬁﬁ- 325 4.8 7.71
umic acid

H 2020 4 7 AFFG, BTl /NX AERS # /KRG BRI AR /N
FAT— RAENCIEAE AR, FEEEAE (AN . B
A CBL P,Os 11D #AE (BL K0 i) 433128 270, 75,
150 kg/hm?,  FE AE AN 23 BE A ) IR FH & 2408 135 kg/hm?,
FEAER A Mk REHE A (N :P,0s : K,O N 17 @
10:17), BIERMHREEMEAM. FFEME (UN
). B (BAP,0Os 1) #E (BLK,0 1) 405k 115,
72, 38 kg/hm®, FEAE A4y BE AR ) IR F & 430k 81 AN
34 kg/hm?®, FEAER A LR R E AR (N PO; !
KO B 18:16:6), BREKHIREMBWIRH . Arf i
AR R ARy 2. P R R B i A 2 ok
FA B — 2, FEARRUE T L IER B R S R,
BRI T LR R

AR TR B, K FE T 2021 4F 7 H 8 HE K,
11 H 11 Bk, &AE L 128 d, FEEF/E H R &
TE AR 2t 5 AT, KRR K BT IR, /B
WG HEKAGH, 2 5Pk EHEWE, (RFF LN, FiE
WHEF K2y, F 2021 47 A 17 HIBAE; /NETF 2021 4F
11 A 27 H4EHP, 20224 5 A 25 HUHR, 448 W3t
180d, IBAERFIE]N 2022 43 A 14 H.

1.3 H@REESNE

AARRE SR REIN A 2021 4E 7 H 16 H & 2022 4
SH25H, FIHESEEAINERE. KEMNEE
K AP SR BE R B B TR) A 7 R 14 d, it AR 5 38 2448
KRESAAR, AL (A 82 LE 08:00-11:00. RAEFE I N
50 cmx50 cmx50 cm (YE#AK AT B 50 cmx50 cmx
100 cm (fEPAEK G o SRAESARR, 78 6 M8
T, DURAIE TR 3N BE R 25 5. SRAEAEBHAE 04 10,
20 1 30 min J& A 60 mL 73 5F #5 4 HURS 9 SARKFE S, IR
F] 5256 = Jim v B A (X (Shimadzu, GC-2014, H
A Mg . CH, K #s N FID, RE N 200 C, RN
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A5, BRAONTR; N,O Kl 28 ECD, Kl &% 15 TR 3 SRR B 2 B P R IR = AR HE TR
250 °C, EAEEE 55°C, WA NES. (GHGD tHE L= (4),
FKESAR RN, AR S8 N IR AR s Xonar = Xowe/ Y (4)

AR PHIE AR T 5 om BYLHRRIZ . RTVSRIE 0~ e X0, FiR R SHEGRIE, ke/ke: Xow NEHEHRL
20 cm = 2 R SO0 RS UK E . pHE, NH,-N Al BRI, keghm?; Y EM R, ke/hm?,

NO; =N & BEJEATISE o e R BER AT 25305 S Excel 2013 HEAT J5UG HUHR 19115, FJH SPSS
pH (R pH iR OKELE2S 2D MBEBIL ) 4514047, A Origin 2018 SPFEF. SRR %
ik (625 nm) MEIMPBATE (275 1220 nm) BUSE 9 g o5 b7 A 49 53 08 B 1 % - S S AR T AL ME R . CHL
R NHONAMINO, “NERE . KRS RVNAEHORET, R g N,0 b KRR R SR A S8 GWP A
SRIME 0~20 em LRHILBIEATACLER: pHERM  Guorpgmm, Al LSD Wekoie Rl A 81 2 57 1 5 44
pH itz (KA 2.5 0 1) B JIENE R IR E, SEH Pearson 26 HE4F BT b B0 CH, 1 N,O HEjGE & 5 1
E%@?@?'@ﬁ@ﬁ?ﬁ,f’t‘zzi}ﬂ\u%ﬁ*ﬂd}ﬁ 5 %&%ﬁﬁim”ﬁféﬁo igfi,f/t,ri}ﬁ E"J*Ha"i'l‘io ZIKi EF‘FE%‘ i% I:F‘ E(J i&ﬁi&j% 3

AR ZELRRIMAMIR, FERATR WHSITIH. BTSN, BH AT a0.05.
1.4 BRI
CH, Il N,O HECE SR A (1) 1HE. 2 HER50MH
F =phxdc/dtx273/(273+T) (D 2.1 HIEEMERES
A F 9 CH, 5% N,O fUHEHGE R, mg/(m>h): p Jbii HEMIR—ONTRNE, RIS, R B A

R T AR (VF L, kg/m®s h RFFFBRE, b Resg 7 AT AR e b i H s ek ALY, PRfICH
m; do/de SRR B PR A R A MO MGE R fE ki A, SRR R pH L TR K R AR

uL/(L-h)s T AR RE R FEAR A 1)~ 350, C. FEE LR, E 3 A, AYRE SRS T ES
CH, 1 N,O 2FHBERE A (2) 15, pH fH (P<0.05). LW LbRIHFIA,  EA M v bt

" F. +F, P, REREWR BN L3 P A LA, s R T A

f=Z; g XU i) D A RN TR SRR O BLUERY, i 3 T,

AR B PR TR T IR LS R (P<0.05) .
WEFRW], JEHER S A KENAHURERA P, AT
LA D - 3 0 R 70 B RS I IR LR S &, e

X £9 CH, B N,O 1) BFFIGE R, mg/m® n AXFE
SR D RFRERE, (6, —1) NPT URCRREI 18] () 8] R

%ﬁy do . e . -
NN . +EE SRR, mE I WM, EEREERE TEE
A == S g [1] , n o 2y
R (ﬁlOOaRFELm EEHNYT (GWP)Y, THE I AL S B (P<0.05). A GRUGth. Al L X

S22 L pH . AE. HABIAESENLESE
Xawe = Ecu, X25+ Ey,0 X298 30y, T 2 B ) 0 2 R P 1A PR S it
R Xowp HERA RS, UL CO, BT, kg/hm®e PGB, TR 3 B0 Bk 38 B, —
EcnJ& CH, BB, kehm’ Exofm NO BBUE 50 A Al B0 O B BLASCR,  thy 7T A
Bk, ke/hm: 25 F1 298 49 B CHy N,O B6Heh CO, LB A BL Rk I FRBEFO 2 A5 e . ELUA B R AL
OO0 250 o T 5 5 R AT I
T3 AEAIE 2021—2022 FREZTRIELIEBUMRMTEHTL

Table 3 Variation in soil physicochemical properties and yield under different treatments during rice-wheat rotation cycle in 2021-2022

FEZE Rice season 7% Wheat season
s R 23 ng AR - I 23 we AR PR
Treatments  Organic carbon/ Total nitrogen/ II-)I value Bulk density/ (K }i 2 Organic carbon/  Total nitrogen/ II-)I value Bulk density/ Yield/
(gkeh) @keh P (g-em™) £ (gke) @gkeh P (gem?)  (kghm?)
BOFO 17.03 Cb 1.33Ca 5.42 Aa 1.27 Aa 9229.3 Aa 18.01 Bb 1.02 Aa 5.29 Ab 1.11 Aa 3469.9 Aa
BOF1 20.08 Bb 1.53 Ba 5.45 Aa 1.15 Aa 9086.2 Aa 18.67 Ba 1.26 Aa 5.36 Aa 1.15 Aa 2975.2 Aa
BOF2 20.84 Aa 1.58 Aa 5.62 Aa 1.16 Aa 9491.7 Aa 20.84 Aa 1.46 Aa 5.51 Aa 1.14 Aa 2671.0 Bb
B1FO0 21.84 Aa 1.52 Aa 5.65 Aa 1.20 Aa 9601.4 Aa 22.46 Aa 1.54 Aa 5.63 Aa 1.10 Aa 3199.9 Aa
BIF1 21.92 Aa 1.60 Aa 5.50 Aa 1.13 Aa 9851.0 Aa 20.43 Aa 1.50 Aa 5.57 Aa 1.07 Aa 3505.0 Aa
B1F2 21.96 Aa 1.62 Aa 5.54 Aa 1.12 Aa 9759.1 Aa 21.45 Aa 1.56 Aa 5.63 Aa 1.13 Aa 3642.9 Aa
B HkE ns ns ns ns ** ns * ns ns
F * * ns * ns ns ns ns ns ns
BxF * ns ns ns ns ns ns ns ns *

M *FIR P<0.05, ¥R P<0.01, **FIR P<0.001, ns FoRRAREZER: BRREYREIE, FRREHRAE: [F—5H AR RS 7 RERoR R — R it
FAKF N EHEBRIETNEARPEEREE (P<0.05), AR/NGFREZFRRFE RGN EKF T ARG &EAR PR ZEREE (P<0.05), TH.

Note: * means P<0.05, * * means P<0.01, *** means P<0.001, ns means insignificant difference; B means biochar treatment, F means humic acid treatment; Different capital
letters in the same column mean significant difference under different humic acid application levels at the same level of biochar application, different lowercase letters mean
significant difference under different biochar application levels at the same humic acid application level, the same below.

WRRY, EVROEH R REEDRARAERK, 3 RIECRIE, REEwr=Ermie . ERRE,
i s E R TR o (B 0, BfED =8P BHFck BRI 1a BRGSO AEP0R A T RR S AR A /K R AN 7
Bl, SRR T LB SRR AR, IREE R SR PR R ERN (P>0.05) . AW R M JE BE N NG It X 25
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T /N R IR N 1.0%~5.0% (P<0.05), Xf/KAE™
BRABERW (3. EVWREIMG AR Y P BT
MR A, SEMRAEA., R R, FhE
TEMIF RS R R, WHEMAKRYE, 5/hFERHIE
YIMIEL, AW as it K Rg = B s A B,
2.2 CH, HI

CH, 1 N,O HEBUE L 2 firoR . R EAE A
[F] kb HE R 2 CH, HEBGE AR AT, AR 5 A BT
CH, HEjiE & B 5 m (P>0.05), &R B %
FA% T CH, HEBGE & (P<0.05) . BOF2. BI1F0. BIFI
A BIF2 4bHE CH, HEBUE & 1 34 75 KRR #0556 28
FHEFL, 235915 42.99. 55.82. 41.7581 43.21 mg/(m*-h),
BOFO 1 BOF1 [ E 35 M IMAE R ARG 2 35 K, N
50.40 A1 52.13 mg/(m*h), [t IR/ H4EFBARHEBUK T
(K 2a).

— —a—BOF0
T70 Lk i —e—B0F1
o fE2 Rice season | 72 Wheat season ——BOF2
‘g 60 | H - BIF0
£ | —-BIF1
E&j g 50 L : —<BIF2
E !
=200 5
5 g N !
=g % :
220 | :
5 P2
6 10 + , l
ok e oot
-10 L P L L A
2021-07-08 2021-09-08 2021-11-08 2022-01-08 2022-03-08 2022-05-08
H H Date
a. CH,HFiGH &
a. CH, emission flux
0.30 -
| i
025k F&Z Rice season |7 Wheat season e BOF2
Fl-F2 H — BIF0
—— BIF1
0.20 -l — BIF2

f=]
f=}

N,O HEJBGE 2
N,O emission flux/(mg-m >-h™")
o < IS <
=) —
W W

(=}
T

2021-07-08 2021-09-08 2021-11-08 2022-01-08 2022-03-08 2022-05-08
H ¥ Date
b. N,O HF7i &
b. N,O emission flux

e Fl: FEAE, F2: i8AE.
Note: F1 means base fertilization, F2 means topdressing.

B2 TR 20212022 F45 E 4B 4R CH, A= N,0 i#
=5
Fig.2 Flux dynamics of CH, and N,O under different treatments
during rice-wheat rotation cycle in 2021-2022

KA K H15] BOFO. BOF1. BOF2. BIF0. BIF1 Al
BIF2 ) CH, “FIHERGEE /35 9: 17.961 13.38. 14.15.
16.50. 11.78 A1 13.18 mg/(m*-h). £ % 4b B %) #5 2= +
B CH, 2R ERA REFm (P>0.05), JEHEKL
R E KT CH, 2R (P<0.05), MR AEY)

WX CH, 2R EANGFAERZFLZHEAERH (P>0.05)
(£ 4), FFRE LN CH, HEHGE & (1) 38 10 51 e 5

A—F, AR AN E TR AL BN CH, HERGE B AR H
F5 0 (P>0.05). BOFO. BOF2. BIF0. BIF1 1 B1F2
b B (P E I PR /N A S AR 112 KRB, W 751
2.78. 3.43. 1.93. 2.10 A1 2.88 mg/(m*h), BOFI1 [#]I&{H
PI I NEIRFE55 122 K, N 1.72 mg/(m*h), PH)5
WD BAERFBARHEBUK T (B 2a) o /NEAK R BOFO.
BOF1. BOF2. B1F0. BIF1 fl B1F2 [ CH, “F-¥JHEGHE &=
SR 1.14, 0.66. 0.86. 0.65. 0.70 F10.85 mg/(m*-h).
A R N JE B R AL B ) N 3 PR T %28 CH, B HE R
(P<0.05), JEFHER AW ok 2 (B % CH, BFHE R A7 1R
BEZHAER (P<0.05) (£ 4),

FEZE S A0 CH, B AR AR Y Rl 22911~
343.05 kg/hm?, F L AFE ) CH, RAHEBUE AL TS
il 20.41~40.04 kg/hm?®, F57% W Z CH, 2R
1k 78 Bl 252.58~383.09 kg/hm?. CH, FE i 3 E A i 7
FaZE, HREEZRAE RS CH, B HEE R 89.5%~
94.0%, 1M % 2= CH, HF il & AX & 2 HE &= 1) 6.0%~
10.5%. TEBEANFEZECAR AN, AR A IR I 2 2
FRAR T CH, BFHECE (P<0.05), A= % Al bt iR ot
FEZFAEF AN CH, BERHBGR s AR B E L H
ER (P>0.05) (£ 4). 5 BOFO AL, HUiE A9
IR BB AR DA S — 3 IR a3 FEAIC T 3% CH, R,
FEIE S8 11.1%- 21.8%~25.8% F1 24.7%~34.1%.
2.3 N0 HEi

FE 2 FCAF JH PO AN [A) AL R A H NLO HECHE & 1) A L
AT, AW R A SR AL HE X NL,O HERUE &% A &
FZR (P>0.05). FEH BIFO. BIF1 F1 BIF2 b3 ff)ig
HITE KRB G 8 RHIL, WEAE 518 0.190. 0.142
A10.135 mg/(m*-h); BOFO. BOF1 1 BOF2 &b¥ (UL 437
HBLER ARG S 200 13 A28 K, 435105 0.036. 0.092 Fll
0.143 mg/(m*-h), BEJE D> B4R EARFBOKT (B 2b) .
JKAEA K1 BOFO. BOF1. BOF2. B1F0. B1F1 1 B1F2
1) N,O ~F 247 HE Al & 43 % . 0.020. 0.034. 0.030-
0.038. 0.032 F1 0.033 mg/(m*h) (% 4). FFZE N,0 [
Hes 3 B TR AR KR A K B RT I, L5 R A H AT
T HEACRES, LEPUUREIER N E, TR
B AE DAY R KR TR E =, AR
T AR A P 3 B A ) R AR A 3RS, IR T NLO HETE:
=, M BEMEHEKINH, AER AT E S, N0
HEBUD o it F A 0k BB FE R X R 2R NLO R HEE Y
R A R (P>0.05) , AW 5 AN B R 0] RS 2=
N,O 2R EAE R E L EIEH (P<0.05). £ BO /K
T, IR B E RN T N,O RAHEE (P<0.05),
5 BOFO A kL, BOF1AI BOF2 4 # () N,O BRI HE i & 2>
AT 65.7% (P<0.05) F1 40.9% (P<0.05) . fE FO
KPR, AR EZEREINT N,O RRHNE, 5
BOFO X} b, BIFO ] N,O RFHEE T & T 45.3% (P<
0.05) (F£ 4), FZFAF ALK N0 HEBUE & 121k
5 VIR FE IR AT N,O HERGE & 5%H
BEZW (P>0.05), HPE X NLO HEBUR 520 A 17 7E
SBELZHAEM (P>0.05). BOFI. BIF0. BIF1 Al BIF2
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2023 4F

AR PR IR I AE /N RN E S 112 K d B, WEAE 5 5
4 0.043. 0.044. 0.031 #10.046 mg/(m*-h), BOFO Al BOF2
b BRI A H AR /N3RS 2 26 R, 4N 0.023 F
0.021 mg/(m*-h), Ffijei b B 4RO (B 2b) .
/N2 A4 K A BOFO. BOF1. BOF2. BIF0. BIF1 Al
BI1F2 [ N,O ~“F¥JHFBGEE 73 708: 0.012 0.014. 0.009.
0.016. 0.010 A1 0.015 mg/(m*h) (¥ 4). FZEF Y N,0
HeCE A, HRE R ] R 2 A PR A AR AR, 13
FRCE TR AR 0SS, 3 NLO HEHE IR 1], Bl <
AT 3 N,O HECE B #T N, 7EE AR A B A,

B o R R > BERR K. B2 4 AT, AEYIR AL
EWIN T &2 N0 M RBHE (P<0.05), J&5HEEE A
X #22E N,O R ER A RE % (P>0.05), £
W ANJES B IR X 22 28 N,O B A HEAE 1 52 M A7 78 B 35 A8
HAEH (P<0.05). 7£ B0 M1 B1 /KFF, WhnfEskmEs N,O
FFHE R B 2 e (P>0.05) . {E FO Al F1 /KF
T, AR N,O RAHER RS LR E v m (P>
0.05), fEF27KFF, AVREFEEMN T N,O ZRHK
# (P<0.05), 5 BOF2 %ttk, BIF2 {) N,0 2FHE &
THE T 42.9% (P<0.05) (£ 4),

x4 TEAIE 20212022 FHZFLIEEHA CH, M N,0 #E . CH, #1 N,0 ZFHHE .
CH, 1 N,0 Xt GWP By&x#k. GWP #1 GHGI

Table 4 Flux and cumulative emissions of CH, and N,O, contributions of CH, and N,O to GWP, GWP, and GHGI under different
treatments during rice-wheat rotation cycle in 2021-2022

Flux/ Cumuliiij?liffilssions/ Xj GWP o 5k
R (g ma ™) (kg ) GRS REURE Contributions to GWP/%
Treatments T AR ke wipnm | OvrkehmY) o GHGU(ke'ke ) e LA
CH, N,O CH, N,O CH, N,O
BOFO 17.96Aa 0.020Bb 343.05Aa 0.44Cb 8708.9Aa 0.95Aa 98.5Aa 1.5Ca
BOF1 13.38Ca 0.034Aa 259.84Ca 0.74Aa 6715.7Ca 0.74Ba 96.7Ca 3.3Aa
wBE BOF2 14.15Ba 0.030Ba 272.94Ba 0.63Ba 7010.2Ba 0.74Ca 97.3Ba 2.7Ba
Rice BIFO 16.50Aa 0.038Aa 320.35Aa 0.65Aa 8201.2Aa 0.86Aa 97.6Aa 2.4Aa
season BIF1 11.78Ca 0.032Aa 229.11Ca 0.58Ab 5899.8Ca 0.60Cb 97.1Aa 2.9Aa
BIF2 13.18Ba 0.033Aa 259.67Ba 0.58Aa 6665.3Ba 0.69Ba 97.4Aa 2.6Aa
B ns ns ns ns ns * ns ns
F dkk ns Hkkok ns dksk dokck ko dk
BxF ns ns ns wk ns ns ns ns
BOFO0 1.14Aa 0.012Aa 40.04Aa 0.49Aa 1146.8Aa 0.33Aa 87.3Aa 12.7Bb
BOF1 0.66Ba 0.014Aa 24.43Ca 0.48Aa 753.1Ca 0.25Ba 81.1Ba 18.9Aa
FZ BOF2 0.86Aa 0.009Aa 26.55Ba 0.40Ab 783.1Ba 0.29Aa 84.6Aa 15.4Bb
Wheat BIFO0 0.65Ab 0.016Aa 20.41Bb 0.60Aa 688.5Bb 0.22Ab 74.1Cb 25.9Aa
season BIF1 0.70Aa 0.010Aa 23.47Ba 0.42Aa 713.1Ba 0.20Aa 82.3Aa 17.7Ca
BIF2 0.85Aa 0.015Aa 28.88Aa 0.57Aa 892.8Aa 0.24Aa 80.8Bb 19.2Ba
B ns ns *k * dk dkk sk sk dkkk
F ns ns * ns *x ns ns ns
BXF ns ns *kkok * sk ns dokck dsksk
BOFO 19.10Aa 0.031Ab 383.09Aa 0.93Ba 9855.7Aa 0.78Aa 97.2Aa 2.8Cb
B BOF1 14.04Ca 0.048Aa 284.27Ba 1.22Aa 7468.9Ca 0.62Ca 95.1Ca 4.9Aa
Rice-wheat BOF2 15.00Ba 0.039Aa 299.49Aa 1.03Ba 7793.3Ba 0.64Ba 96.0Ba 4.0Ba
. BIFO 17.15Aa 0.054Aa 340.75Ab 1.24Ab 8889.8Ab 0.70Aa 95.8Ab 4.2Aa
rotation BIF1 12.48Ca  0.042Aa 252.58Bb 1.00Bb 6612.9Ca 0.50Cb 95.5Aa 4.5Aa
BIF2 14.02Ba 0.048Aa 288.56Aa 1.16Aa 7558.1Ba 0.57Ba 95.4Aa 4.6Aa
B ns ns * ns * ** * *
F kkk ns *kkok ns EE 2 dokok ko dok
BxF ns ns ns Hk ns ns * *

W FE R BARTL A R i X RS 22 581 R N,O EARHE

W) AN B B R N AHIE FE rh i = U S P R

oy
ey

BN 0.23~4.54 kg/hm™7, KR ge b, ERERERE
M N,O ERHE N 0.93~1.24 kg/hm?, Kb T XA T H
ZWo FAFEHHN N,O-N (0.93~1.24 kg/hm?®) [ &
i B (385 kg/hm®) ) 0.24%~0.32%, AbT aERAR L
ARG 0.03%~2.00% 70 PP,
ERANFEE AN, YR MEER N,0 2/
HER B LR E M (P>0.05), AW A 5 1% w7
FEAEFE MM N,O REHEBCE I 520 £71F 15 35 28 BAE F
(P<0.05) (£ 4). 5 BOFO AL, Bt B A= 4 o 5
JE§ B IR LA K 35 YRR 3 0 T 3% NLO i BB HEE,
AR5 33.3% 10.0%~30.1% F1 7.2%~23.7%.
2.4 FEEBEYRMBEESEHBGEE
GWP FoR i =S MM LA IR A0, GHGI RoRil
FAAIREE . W6 N,O Fl CH, £5& HiR08 . S kTt
R DL SR = SRR R B 5, AT DASE B T

Was. fEREZ, EYRAMFEST GWP %A BEEmW (P>
0.05), M JE FE R Ab B 2 25 P& T GWP (P<0.01), “E¥)
AN FEERNT GWP WA B E L HAEH (P>0.05) . 5
BOFO AH bt Bt FH A= 47 o 555 L R DA e — 3 TR it 3%
PRI T FE2E GWP, [&IE 514 5.8% 19.5%~22.9% Fi
23.5%~32.3%. XA GWP AL TEE A 5 899.8~
8 708.9 kg/hm*, KA GWP MK EI/MEK A : BOFO.
B1F0. BOF2. BOF1. BI1F2 1 BIF1. CH, &fEZ4A
RN TR, H o GWP B BT Rk R T E N
96.7%~98.5%, N,O X} GWP BTk (AL IEE A 1.5%~
3.3%. fEFZEH, AR AEHRAA IS B ERKT
GWP (P<0.01), AWx )G FEER X GWP /718 i & 1)
ZTEHAERH (P<0.01) . ZZF=& 4K GWP 240G H
688.5~1 146.8 kg/hm’, A[FILLEE GWP MK E/ME KA :
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BOFO. B1F2. BOF2. BOF. BIF1 #1 BIF0. CH, fE#Z
X R A T E RS TR R A B TR A ARG, H Ak
JEFEN 74.1%~87.3%, N,O X} GWP 5k % 281k yu
N 12.7%~25.9%. {EREANTEZFCAE RN, AEYRAE
VEPR ALY B Z LT GWP (P<0.05), =¥ % Al i
X GWP A R EZHAEH (P>0.05) . fEZ&AF)E
W GWP [Z2E1LTE LN 6 612.9~9 855.7 kg/hm®, AN
AbFE GWP M K 3 /N K X v : BOFO. BIFO. BOF2.
BIF2. BOF1 Ml BIF1. F&Z %/ & 0 % 4b 22 CH, X}
GWP HITTERRTE A 95.1%~97.2%, N,O % GWP 5Tk
RIAATEE N 2.8%~4.9% (£ 4),
REASAEHEBGEE (GHGD 7] AE Wb IEAS R <
EHE S P B G HEs . EARK T, EEANMEER
AR J& 3 P AR ¢ RS B R VN I XA E P 7 B i A i 3
GHGI [ IR Z KT CH, HEBCE kb . R 5 1E R

W GHGI AL YE N 0.50~0.78, A= 5 A1 4 iR Ak
PR R ZE LT GHGIL (P<0.01), A4 5% FJE 5 e ot
GHGI AR R E L HAER (P>0.05),

55 BOFO A0 b, 7E 78 22 & 1E J& B P9 5 e FH A= )
we B A R LA Je o YR Mt A BRI GHGI B g 43 i A
10.2%, 17.3%~20.2% H1 27.2%~36.2%. BOFO. BOF1.
BOF2. BIF0. BIF1 1 BIF2 ) GHGI 7355 0.78. 0.62.
0.64. 0.70. 0.50 F10.57, BIF1 AbBEHAK (R4,
2.5 INEETF

FHEE S WA, TERBZRAERIIA, CH, A1 N,O HijiusE
B TR ESKEWAEREMRLR (P<0.05),
CH, HEifos & 5 13 pH [E AR R E A KRR (P<
0.05), N,O HEBUE & 5 -3 pH 1H % 4 & & M %t
(P>0.05) . fE&ZEd, CH, M N,O HijjuE &5 5%
SEMBEESR G EVFELEFEMILKLR (P<0.05) .

£S5 20212022 FEFELIEEHAA CH, F1 N0 HiiiB 2 SIS RE FHMEE S 12

Table 5 Correlation equations between CH, and N,O fluxes against environment parameters during rice-wheat rotation cycle in 2021-2022

IR T &= Rice season 725 Wheat season
Environmental factor ke CH, AMIEA N0 FlkE CH, HAMNT A N0
g y=1.32x-19.65 y=3.10x—48.72 y=0.03x+0.46 y=—3.22x+17.03
Soil temperature (R=0.175, P<0.01) (R=0.164, P<0.01) (R*=0.078, P<0.05) (R*=0.060, P<0.05)
48 pH {t = —4.40x+38.66 y=23.09x-95.82 1=—0.83x+5.43 y=5.97x-20.55
Soil pH value (R=0.076, P<0.05) (R=0.018, P>0.05) (R*=0.078, P<0.05) (R*=0.022, P>0.05)
TS K E y=67.16x-28.71 »=0.10x-0.03 y=5.12x-1.51 y=55.42x—12.25
Soil moisture (R=0.168, P<0.01) (R=0.065, P<0.05) (R*=0.166, P<0.01) (R*=0.074, P<0.05)
TS A S E y=—1.81x+23.06 y=—3.14x+45.80 y=0.07x+0.26 y=1.72x-1.20
Soil NH,"- N content (R>=0.041, P>0.05) (R=0.021, P>0.05) (R=0.105, P<0.01) (R=0.377, P<0.01)
TEBSA SR y=0.17x+10.87 =0.32x+24.00 y=0.09x—0.39 »=1.07x-2.03

Soil NO; -N content

(R=0.078, P<0.05)

(R=0.050, P>0.05)

(R=0.269, P<0.01)

(R=0.225, P<0.01)

3 W
3.1 AEACIERT CH, HEAAI S0

AW CH, AR RBCRZ BN & . PRI |
JRRERAL, LIRAE A R S R R B, KEM R
BA A % R A -3 CH, HEC . ARiREe R, St
1 a AL S AP R 8 35 RS T Rg 22 5 R TN CH, &
FUHEBCR . AR R TS N5 20 CH, HERCER: PR 1) 32 22 [
B 1D L pH A& e A 3 78 BR 1 2R 55 v
BEoE, T A R S A A AR R I SR B PR B
Hxt pH E 2L R BUREY, AR R, Hh3#E 2 W,
VIR pH H N 8.51, N5 L4 K) pH {E1E 5.29~5.65
Z0a), $m T RIER pHAE (R 3), MTIE pH EAZL
S 77 FRGE TRTE THE SXAN A BESRUF, AR IR VS IRt H e A
A T P Y AR PR R RE B B B ) SR — 8, DRt
% CH, WIBZREIsE, s> 7 133 CH, BRI 2) &
Bem AN, 4 CH, FALTHFEZ B B IR A M TR
BERE P . AWK BiAA 2 AL, N AT DAk 5 )
WAIREL, R ERERE R A bR 3) +
YRR A RN, HU S5 00, YRR £ 2 3 b
PR I IR, AT RAME v 3 CH, FA i R 1
JEAD . T A A e BRI AT DU gk IR, 4R
mHERER A S ED. O REREYBS RN, AR

ALt R BRAEIA, R RIG 95 1 3RS R
SEACRE ST, GNP e AL R RO PR A R, T e
Fife T =R,

SSRGS RIS A i AR AL
FR IR AR ge b, 20 1 a BRLSRE
FHR 35 PR TR0 AR A CH, RBHE R . AR
W, JEBHIRAEAE N T S AR g b R e (R R
SUN 25V R TR I, B ORI B (R FH mT LA 7= HY e T
REAHUEY, Hih TR RS SRR T
FIER A A R, AT BUR R 9
X H eI GAAT 7 A  E RL
3.2 AEALIEXS N0 HEMAISZAE

A, 2 1a bR e AV R A 8N
N,O 2MHHEAES, BERG 725 N,0 R
TR . VIR N,O HES R R EE R A 1D £+
e pH E FF . LTI BEFOR I, AR ) L
N,O HEBCAI G A0 A AT 43 pH BT+ e e 2 1 38 o i
AR AR S A 0 = FE A VR3S, et 1 3
EIHERE K NLO 197 A FEASIRIG,  AEWDIR I IN 2 2%
P ¥ Z LK YN L% pH E, X W] e AR YR (2
N,O HER I EEF K . 2) L3S /KEI . VRN
TS KR PN T SRR R A A N,O
HEBC vk, AR SIS LSS &t D et 1%
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SAEAAE . S8 RS KE T NO BHE B e,
AR T, EVREERS T EZERNLIEEKE,
NO BEEHESKERRENIEMKKR. 3) HHEx
A 1958 . CLOUGH P w78 R B, ZE 4 3% 38
T R AEACPE A R T T R, (R T NLO HET
BbAk, AW R TH R R B R 2 4 3 NLO 1B &
fiff TR 38, SRR N,O B R AE /15, N,O 1)
Hl e AR X 1 B

TEARRIEH, 23 1 a BRib 5 10 IR A 15 e 1
JAWIN N,O R A . SUN 25U B 5t % 8,
A BRI AT, IR IR - 5E N,O REHE
EE T 4% F1 35%, JE K2 TIRE G E AL S
N,O HEURE B35 IEAHOG, AR i 53 T T35 1k
WEHAL, FEMEHET NLO Hi*. 4, CARPENTER-
BOGGS 2 W 50 R B, J B R 7T LAY s ke A 0 1) 22
PERIGEYE, XA REHE— et T 3% NL,O HEk.

3.3 A EIAIEXT GWP F0 GHGI HYFZAR

AR F, F5Z GWP Al GHGI #)2& & T2,
TEARITERZE CH, HiEE m T2, X5FH 5
Wb FHARIRE AR, EBNEZRAERYN, £2d1a
WAL J 1 25 9 ¢ 0 JG T g 14) Y 3 B T GWP Rl GHGIL.
ERGH B E R ERAE RS CH, fEi R EH A=
RN KN, A R MR IR AT 1 a R )G, 78
7= GWP %R (5.8%~32.3%) ME T 5 —F (8.2%~
43.6%) 1 2L B A Ra A . 0 AR A R R T B R X
SR T B AR P 2 T I o e P 4 BIR 16 o = B O 55 1
P, EBANREERIEAN, FOE MR =S A GWP
TR CH, 425 S0, BIET 90%. VIR
VRSN 5. A T CH, XF GWP 5Tk %, —# 2
S ELHER, Kk, ERERERGEESA
IR 7T P S % E A SG0E CH, IR

R CE W 7T Es B, AW =AY =T %0 &
N 22.63 thm?, 24 it Fil 836 Bl N 10~20 t/hm? i 25 4 16
55 20 B AR B e K. A Mleta 20 #r 45 L 10 i B 340k
E, HEYR i EA#EE 30 vhm? 1, GHGI #9#/b>
S I A e P R RG0S, H 5 AR R it
BT 30 hm® B, 728 N E GHGI Ik & 2 T fF#
HIWL XKW, AR R IR B R A AR Z G AR
KR B A A it R B T 3G . 7E RS 22 R 1
W, 5 BOFO MLk, Sl ZEYm, MR L —#&
VR Jiti A HE ) GHGI F#1E 2 518 10.2% 17.3%~20.2% F
27.2%~36.2%, BIF1 43 (EYRFINE AN 20 t/hm?,
JEVERR R I 0.6 hm®) ) GHGI FEIE R K (36.2%) ,
HA SR IRHEBCR FR 2054038
4 %

D fELERE 1 a i bE, VR EEEIN T REE
PIZE LA MU E & TR I T RS A L
&2, NEFLEAEIRSELEEEW. S HEY
IR BB AR R KRG RN /INGE P B ¥R W S, AR

R T R R A T S5 R T N R R (RN 1.0%~
5.0%), XK B W m.

2) HEYIR AR FE R I PR T 4 CH, HEG (R
T N0 HE, AR A E AR 3 Bl i s 1 3% CH, HE
TR 3 AR T R 22 50 AR R G0 I 25 R 5 0B R = < 4
Hesm B, L VR (1) R R T B e A 4 Rk R
FERR, BIF1 ACFE CAEMIRBINESN 20 thm?, J&FEIR A
TN 0.6 t/hm?) (1454 iR 5 250N AN, 5 AR 3 5 451K
K.

3) HFH 1 a Ja (R0 A 4 0 R BE IR Ak SR RE % B 1K
FEFRAE RG0S5 A0 iR = BRI = AR HEGR B, (H
LR HE RS 8 2 i FH AR BRI B0 T Uk Es k. R,
S 7 3 T JEAS FE TA) AR B0 kI it A R RS R, AR K
B ) RURE b PP A 4 2 TS e e F [ D R 11, 2R
W R0 B B R A FALEE I R A R ER AR S R G
HET B R AL RS AR
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Effects of biochar and humic acid application on global warming
potentials of CH, and N,O in a rice-wheat rotation system

LIU Zhiwei, LIU Juan™, WU Jiasen, LI Yongfu, JIANG Peikun

(1. State Key Laboratory of Subtropical Silviculture, College of Carbon Neutrality, College of Environmental and Resource Sciences,
Zhejiang A&F University, Lin’an 311300, China; 2. Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest
Ecosystems and Carbon Sequestration, College of Carbon Neutrality, College of Environmental and Resource Sciences,

Zhejiang A&F University, Lin ’an 311300, China)

Abstract: Biochar is one of the most important soil amendment materials. An ever increasingly prominent role can be found
in carbon sequestration and greenhouse gas, especially in the methane (CH,) and nitrous oxide (N,O) mitigation potential.
Among them, humic acid amendments to the cropland have dominated the C, N cycling and yield. In this study, a systematic
investigation was implemented to clarify the influencing mechanisms of the biochar and humic after one year of application on
global warming potential (GWP) and greenhouse gas intensity (GHGI) of CH, and N,O emissions under a rice-wheat rotation
system. A field experiment was designed with the double factors randomized block design in an acidic paddy of Hangzhou,
Zhejiang Province, China. Six treatments were conducted in 2020 before the rice seedlings were transplanted as control without
biochar or humic acid (BOF0), 0.6 t/hm” humic acid without biochar (BOF1), 1.2 t/hm* humic acid without biochar (BOF2), 20
t/hm” biochar without humic acid (B1F0), 0.6 t/hm, humic acid with 20 t/hm” biochar (B1F1), and 1.2 t/hm” humic acid with 20
t/hm? biochar (B1F2). The CH, and N,O emissions were then measured in the different treatments one year later in 2021-2022.
An evaluation was also performed on the one-year field-aged biochar and humic acid amendment in a typical rice-wheat
rotation system. The results showed that after application of one year 1) the biochar increased the soil organic carbon (SOC)
content both in rice and wheat season; Humic acid significantly increased the SOC content in the rice season, whereas, there
was no significant effect on the SOC in the wheat season. Meanwhile, there was no effect on rice yield in the application of
biochar alone, humic acid alone and application of biochar and humic acid together, compared with the BOFO treatment. The
application of biochar and humic acid together significantly increased the wheat yield by 1.0%-5.0%. 2) The application of
biochar and humic acid addition reduced the cumulative CH, emissions by 11.1%, 21.8%-25.8% and 24.7%-34.1%, compared
with the BOFO treatment, but the cumulative N,O emissions were promoted by 33.3%, 10.0%-30.1% and 7.2%-23.7%,
respectively. 3) The estimated gross GWP of CH, plus N,O among the treatments was significantly reduced by the application
of biochar and humic acid. The reason was attributed to the reduction of cumulative CH, emissions. In addition, the biochar and
humic acid addition significantly reduced the GHGI during the whole rice and wheat season, in terms of greenhouse gas
emissions and yield. The application of biochar and humic acid reduced the GHGI by 10.2%, 17.3%-20.2%, and 27.2%-36.2%,
respectively, compared with the BOFO treatment. The lowest GWP and GHGI were achieved in the B1F1 treatment (biochar
and humic acid were added at the rate of 20 and 0.6 t/hm?, respectively) among all the treatments. Consequently, outstanding
performance can be expected in biochar and humic acid after the application of one year of the GHGs mitigation and carbon
sequestration. A beneficial measure can also be utilized to improve the grain yields with less greenhouse gas emission in the
rice-wheat rotation system.

Keywords: biochar; humic acid; greenhouse gas; GWP; GHGI
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