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Absfraci ’ffreffects ofbiochar application on soil nitrous oxide (N,0) Td methane (CH,) emissions in a lypical rice-vegetable rotation system in Hainan after two years were
mvestlgatjﬁ( The aim was to clarify the long-term effects of biochar on greenhouse gas emissions under this model, and it provided a theoretical basis for N,0 and CH, emission
reduction in rice-vegetable rotation systems in tropical regions of China. Four treatments were set up in the field experiment, including no nitrogen fertilizer control (CK) ; nitrogen,
phosphorus, and potassium fertilizer (CON) ; nitrogen, phosphorus, and potassium fertilizer combined with 20 t-hm™ biochar (B1) ; and nitrogen, phosphorus, and potassium
fertilizer combined with 40 t+hm™ biochar (B2). The results showed that: (I compared with that in the CON treatment, the B1 and B2 treatments significantly reduced N,0 emissions
by 32% and 54% in the early rice season (P < 0. 03, the same helow) , but the B1 and B2 treatments significantly increased N,0 emissions by 31% and 81% in the late rice season.
The cumulative emissions of N,0 in the pepper season were significantly higher than those in the early and late rice seasons, and the B1 treatment significantly reduced N,0 emissions
by 35%. There was no significant difference between the B2 and CON treatments. @) Compared with that in the CON treatment, B1 and B2 significantly reduced CH, emissions by
63% and 65% in the early rice season, and the B2 treatment significantly increased CH, emissions by 41% in the late rice season. There was no significant difference hetween the B1
and CON treatments. There was no significant difference in cumulative CH, emissions between treatments in the pepper season. (3) The late rice season contributed to the main global
warming potential (GWP) of the rice-vegetable rotation system, and CH, emissions determined the magnitude of GWP and greenhouse gas emission intensity (GHGI). After two
years of biochar application, BI reduced the GHGI of the whole rice-vegetable rotation system, and B2 increased the GHGI and reached a significant level. However, the B1 and B2
treatments significantly reduced GHGI in the early rice season and pepper season, and only the B2 treatment increased GHGI in the late rice season. @ Compared with that in the
CON treatment, the B1 and B2 treatments significantly increased the yield of early rice by 33% and 51%, and the B1 and B2 treatments significantly increased the yield of pepper
season by 53% and 81%. 1In the late rice season, there was no significant difference in yield except for in the CK treatment without nitrogen fertilizer. The results showed that the
magnitude of greenhouse gas emissions in the tropical rice-vegetable rotation system was mainly determined by CH, emissions in the late rice season. After two years of hiochar
application, only low biochar combined with nitrogen fertilizer had a significant emission reduction effect, but high and low biochar combined with nitrogen fertilizer increased the
yield of early rice and pepper crops continuously.

Key words: tropical region; biochar; rice-vegetable rotation; nitrous oxide (N,0); methane (CH,); global warming potential(GWP)
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Table 1  Basic chemical and physical properties of soil
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Table 2 Fertilization schemes /kg*hm™
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I HE TR 0 HE O R 22— 8, CK. CON. B1. B2 4k
A HE i i 0 O - 12.3 ~ 491, -30.72 ~
442.67. - 6.30 ~ 304.07. - 1.46 ~ 401.68
g (m?+h)™". CON A1 B2 4b B i) HE 0 (A 2 3 = T CK
FIBIALFE(P <0.05,/8 1).
W 2R N,0 8 B HE & 09 & IR BUY S CON >
Bl > B2 > CK,CON(1.66 kg*hm™) i & & T Hth 34
i B (P < 0.05) , Bl (1.13 kg-hm™) F1 B2 (0.77
kg+hm™) 4b BEAH 42 F CON # KA jita JE Ab 28 53 550 9 /b 1
32% H1 54% BIHE , CK (0. 40 kg hm™) A~ it % HE b 24
AR WD T 76%. T AR 2, B1(0. 34 kg hm ™) Fl
B2(0. 47 kg-hm™) 4b H i % 7% T CON(0. 26 kg-hm™)
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I CK(0. 15 kghm™) 4L B (P < 0. 05) , %f kb CON &b B,
B1 Al B2 20 B340 T 31% F1 81% 14 N,0 HEjig & , CK
b HRYE T 42% 19 N,O HEJL . B N,0 R BHE K
& 5 ¥ CON > B2 > B1 > CK Ay K/NIFF , CON(2. 60
kg+hm™) il B2(2. 35 kg-hm™) &b ¥ g 2 % F B1(1. 70
kg+hm™)Fl CK(0. 24 kg hm ) 4 (P < 0. 05) , FHEE T
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4 I| i { # undgr"dlﬁ"erent treatments .—
2.5 AR W R HRE CHL O B 3 B
e

R | R 2 RN ZE CH, HERCE B FRE 77
TEW] 25 B L CHLHEN B4 P E RS 2 L 4 Ak 3134
S 2 AN G AE , B2 kb B Y 16 (5 B L 35 #) 35. 98
mg- (mh)~", FLRE 2 4 4b LAY CH, HE b 5 4 v 45
Ay BERH N2 A AR, CON AL 34 CH, W 5 25 3 T

LA _;/

MR, 44 A3 CHHEHGE SR AT, B4 AL T
5/ - F P 8h, 4% 4 B CH, HE iR B 2
5 (E3).

AR 2245 CH, B FHERC R &, M fs 22 CHLHE
i T RRE 2 R ZE (P < 0.05). RRE &
CON(9.36 kg-hm™) &b Bl 3 v F Hifth 3 4~ 4b 2, B1
(3.46 kg-hm?) . B2 (4.31 kg-hm™) I CK (0.95
kg-hm™) # X F CON &b B 53 5 98 2> T 63% . 54% F
90% 1) CH, HEL . W A% 2= v, B2(310. 97 kg-hm™?) &b
MW E R T H A 3 4> &b 3, XF K CON (220. 27
kg*hm™) 4b B, 8% fin T 41% &9 CH, HE it , i Bl
(216. 10 kg* hm™) 1 CK(170. 62 kg* hm™) &b 3 43 51| Jik;
T 2% F123%. BRARZE CH, 2B HE R 45 4b B 2 6]
T E 5 (E 4).

2.3 RURE-BEARE B LI A S S AR L

LR AR B £ o (NH, T -N) B8 22 1L
ﬁﬂl’;ZIS(a)Fﬁ/T T ENH, N ﬁ:ﬁ»—% LR

# T, Hﬁ%%ﬂﬂﬁﬂﬁ’& SATTEE LN E‘-%agﬁﬁuﬁﬁ
EﬁA;HEFE&f’z ~5 4}, CON(98. 13 mg &) . Bl
(144.95 mg* Lg‘) ﬂ*ﬂ 2 (178.32 mgfg ) !L oy
o (NH,* WLQ@EE®WHH:%ﬁfﬁCW
(153. 49 nfes kg Bl (1,38 58 mg-kg™) Al Bz{TA 14
n%@>cmmﬂm#$mﬂm — e T
oL, %a é GON130.76 mg-kg") PRI (126! 71
mg- kg )%u Bzg:lo 50 mg- kg])ﬂLEﬁii%%w(N-H" -N)

) EGV{E%BEHELTE@AEHEF. B ZE CON(106. 60
mg-kg™) . B1(113. 65 mg-kg™) FI B2(106. 51 mg-kg™)
A w (NH, " -N) 1) 5 0 1 B 7R 5 3 B B )
[ 5(a)].

ARG L MRS AN B 2 4 NO, -N & ' sh A ARk
WEs(h) s, B ZENO,-NSREES TRERE
AT 2= (P <0.05). BAHZ CON(13. 42 mg-kg ") Hl
B2(29. 61 mg-kg™") AL H ) & (NO,-N) 75 jifi A BEJE 5
OB U (i, BT AL B0 AE it A RE IR JS K B 0 (R

fliAbFE (P < 0.05),35 2. 85 mg+ (m*-h™). 7E B A Fh 11.76 mg-kg ™. B 2% 45 40 BRI NO, -N & &30 -
2.0 35
a 0.60F a
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Fig. 2 Cumulative N,O emission in early rice-late rice-pepper season under different treatments
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Fig. 3 CH, emission fluxes in early ric e1‘I'dle rice- pepper

season under different lreatmeTts L~
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i35 T H ML AE 4 FE CON AR it 40 IE &b 3 CK
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5 (P>0.05). BB 25 b 3™ 5 09 & AR 0T
B2 > B1 > CON > CK, Hith B2 i % 2 T HoAth 34> kb 7t
(P<0.05,%3). 7£ 100 a RUEE T b4 4% b P 338 75
WA R 2 5 M T CON AL B, B2 B 5 1 T
GWP [ {H , CK & 2 FEAC, B1 W JC W & M 22 = (P >
0.05). T Pk 14 3 785 34 1) o ik R0k 7, M A 2 DTk
T 77.62% ~ 93.24% (4% R PP A 2= 43 ) , CH, BTk 1
81.27% ~94. 89% (1& A HAkSy) WA 4.
CON f)uﬁ@ﬂlﬁliﬁfﬁ*ﬂ%(}m%ﬁ%'mﬂ:
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Fig. 4 Cumulative CH, emission in early rice-late rice-pepper season under different treatments

*R3 FESEAEBEYFZE " /kg-hm™
Table 3 Crop yield under different treatments/kg* hm™>
o : t
BRE(TH) WA (1) AR (i )

CK 5850.87+641.81c 3 727.30+603.00b 3454.11+119.11d
CON 7994.17+562.27b 5487.80+870.35a 5240.71+238.21¢
BI1 9212.50+335.46a 6 062.70+671.70a 8019.88+495.88b
B2 10 181.40+758.40a 4990.80+877.60ab 9528.57+238.21a

DA R /NG SR 378 AN [R) A B ) 22 52 3 3 (P < 0. 05)

2.5 B 5 AR YOG R

AH OGP 43 B 26 5 45 R R W], + 3 N,O Al CH, #F
R W A (P < 0.05). + HE NHS-N HI
NO,-N & &t 5 N0 HE i &2 % & #F FE M X (P <
0.01),5 CH, 2 i3, H XA NO,-N & & 5 CH,

B E A E (P <0.01), 5 NH,-N & £ 4 %
AR E. £ pH S CH, & B F IEM (P <
0.01),5 em i 5 CH, 2 W 3% 1IE A%, H5 N,0
PSS N TE

RS2 B8 A + 8 N,0 . CH, 2R HE ik & 51 9 7
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Table 4 Global warming potential of N,0 and CH,,

and greenhouse gas emission intensity under different treatments

GWP 57 ik /%

BENE CRAAS) BN | REAE CHERR ), JEIE | BT | 6 B AL CBRARL 5

CK F 7R AN it U0 25 6 B4R 38, CON 267 it 0 41 I AL 3, BT KRR

AR AL FLHE 20 t-hm ™ Az 49 5 b B, B2 3R W0 I LI 40 t-hm ™

G /b g LEE

B5 AEALERRE-ERE-HHZENH -NFINO,-N
SEMNHEENL

Fig. 5 Dynamic changes in NH, " -N and NO,™-N contents

in early rice-late rice-pepper season under different treatments

i ERAL M BT AR G PESS SRR W] (K 6), BA
7 N,0 Fl CH, 5 FUHE il & 52 M W 35 1E A G (P <
0.01),Jf H5 N,0 fl CH, R HE i 2 5 M Al & 2
5 A B 3 IE A DG 6 &R (P < 0.01), CH, R EUHE K
5 AR R W AR SE (P <0.05) fEM

- u%ﬁﬁfiﬁ A e S HEHCR E (GHGD kg - kg™
LR W M N,0 CH, A W B
CK 4621.65+510.77¢ 3.12+1.78¢ 93.24+10.72b 3.64+0.53¢ 5.11+2.37¢  94.89+8.97b  0.03+0.02b 1.19+0.29b 0.05+0.01¢
CON 7193.03+1533.93b 10.14+0.68a 77.62+19.83b  12.24+1.80a 18.73+1.19a 81.27+20.17b 0.09+0.1a 1.03+0.28b 0.17+0.03a
B1  6525.22+345.31b 6.47+0.45b 84.36+4.71b 9.17+0.78b  14.49+1.23b 85.51+4.19b  0.05+0.00b 0.91+0.08b 0.07+0.01bc
B2 9022.42+807.31a 3.46+0.89b 87.72+8.58a 8.82+1.05a 11.86+1.39b 88.14+10.02a 0.03+0.01b 1.60+0.14a 0.08+0.01b
DA [RGB e s AN [l hb B A 22 5+ .35 (P < 0. 05)
O el L et w1 s 5 A HLBA pH 23 5B 2 (P < 0.01) fNA 3%
200 - l [ \ l \ l \ 1 (P <0.05)IE M. MWHERE 4 F ,N,0 fil CH, &
180 - FUHE il i A M i 2 IE AH OCHE (P <0.01),N,0 5
160 (@) NNt pH . A HLIT 43 3 5 B 8% (P < 0.01) AR % (P <
| 0.05) I A 6 % & . CH, 5 pH & i % IF 1 36 X 5
i (P <0.05). B b N,0 BB A 5 3 2R
& sof R mmzmaaéaé%(mepn o5 A
jg: Yy 7o E%E*ﬁﬂé(P<0 05), Epﬂ‘é}&iﬁj\
ol maéaé%(P 0. 0-01) ﬁa%Fﬂi'ﬁpHﬁﬁ @*ﬁa@
220 J rf' ' ‘ =
] (o 3.1 i%ﬁr@fﬁ‘p\m/ﬁ’mﬂm&m Aﬁwﬁf*’
L Mop N0 HE g S g
| zlsmazq':cm %m@m@uﬂmﬁé Hﬁaé
{ 8 ol I fsinzk,o Zm HERCREGY 51 1. 66, 0. 26 il 2. 60
60| T kg hm? U S T RSB MRE (P < 0. 05,
“f 2) 3% 5 F SR SR T 9 45 S — B, 18 A X
"l : AR R T JR3E T N,0 HERCRE B, — T
AL [ Shy 7R 2 7K S R AR 0 T S A3 R 4 400 3
2 ¢ 5 ¢ ¢ 2 5 ¢ ¢ AT 45 N0 TR JFUA N, , 53— J 1T ph T 0B 28 it 20 o
5§ 8§ &8 8§ §8 8 8 8§ B L2 N0 PR AR B T A0 R AT A T
A (-5 -R) N,O FOHERE . 17 5L FE 7 N,O B AHE MR L I 25 25 1
(a) NH,"-N &%, (b) NO, -N &% 4t s #f 3k M 722 2 45 R 3R 7m BEAE |

Ji ] 2 L B R R AR 1)y 8 ~ 12 11, 32 X M RN 2= 1Y)
SR, 36 IR IR L T 5 R PR EE AN FTF N0
DRSS R G A A 4 ST % N SR O DA = R
FAER R BB RE /N Z R AR IR R N0 SR HE R 1Y
I FE 45 5L A 5% v G Hb X Z A - U VE R &
N,O SR HE 4 w3 B TR AR B KA
I FH 803 R A A B il A TE 25 S, R ) 0 B R
A B 5 M AR AS R TR 20 177 5 30 NL0 HE RO 22 52,
B )11 APV S K B, R ) KR AR AR AR 2 NLO HE AL
BT - AT (1. 42 kg-hm™) > i 32 - HL AR5 -
M Ff (1.32 kg-hm™) > 5 £ B - BLRS - g A5 (1. 27
kg-hm™) , X} b A< AFF 52 B -4 R - B 5 N,O HE il =
(4. 52 kg*hm™) XA .
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Table 5 Correlations of N,0 and CH, emissions with NH4+ -N, NOy-N, and environmental factors

N,0 CH, NH,"-N NO,-N pH 5 cm 2R
N,0 1.000 -0.160" 0.364" 0.303" -0.154 -0.062
CH, 1.000 -0.079 -0.209"" 0.635" 0.320™
NH,"-N 1.000 0.072 0.157" 0.026
NO,-N 1.000 -0.454" -0.240"
pH 1.000 -0.356""
5cm iR 1.000
1)*+RIRTE 0. 01 5l OB ) A Mk i35, #RIRTE 0. 05 2 (BUR ) , AH G e 35
®6 N,O.CH,ERAMES=EMLEELEROMEEYE"
Table 6 Correlations of N,O and CH, cumulative emissions from yield and soil properties
FLAE R N,0 CH, s pH AL AR AL PR
N,0 1 0.779" 0.259 -0.392 -0.050 0.778" 0.431 -0.490
CH, 1 0.204 -0.449 0.002 0.818" 0.604" -0.207
i 1 0.697" 0.815" 0.218 0.367 -0.483
pH 1 0.784" -0.400 -0.026 -0.157
AL 1 0.161 0.513 0015
- N -
AR 1] 0.854" _;'...-__,f"‘"_(!.q;é_.o
S w st g
giim ™y { pui 1 ; f 0—.336
LA & /3 i . = '
W 7 2 N,0 CH,  _ R pH wom O s wawm  ( Fww )
N T 7 ¥ 3 N ¥ il ! F
N,0 1 0.837" | | 0409 ©  0.739 0.691" 0015 0.206 =1 —,.a%e’-r""
i 1 g | ¥ = -
CH, A 1 0.542 | g -0029% W 1 0.059 —695’57'“
— i i s ) F ' -
L " " 0353 % 047 & 0370 -0.366 .|
[ . | & ) 4 | .* P “_,-“
. pgH ‘= N 0.853" . =0.102 0.224 -0.258 :ir’ﬂ
l F ¥ ,“' A f _'"1 ] P
s f 1 W 01309 0.511 0.030,4"
| I._ oy | St
i I'l u it o e,
= HR R 4 ¥ 1 | 0854 -0.002
’ P N <
o ek 78 ; ii"—' = )
|FUE$!@§ J { . ol o 1 0.291
N B | a3 I '8
gl / 1
BT N0 CH, 7 HHLR HA A H
,-1?@20 1 0.118 0.664" -0.941"" 0.541 0.720" 0.497 0.824™
CH, 1 -0.303 0.014 0.294 0.332 0.286 0.437
iy 1 -0.583" 0.561 0.531 0.441 0.284
pH 1 -0.458 -0.707" -0.500 -0.833"
A BT 1 0.915" 0.922" 0.651"
A 1 0.940" 0.864"
AL 1 0.701"
AL 1

1)##3RRTE 0. 01 5 OWUR ) A SEVE W3, *RnTE 0. 05 45 OWUR ) , A ST 1 3%

A=Wy e At A L E] S, 52 31 H ] XA A B9 5
Wi, B RE P A B A A W ) R B% vhRE
LI S a7 B STTRAY i RE i B TEEOF R 2 AT
6,5 N,O [ HE BT ™. Spokas' "> Hlf 5t F& W] , K¢ A= ) ¢
it A Y — Bt )i, i A XAV T, A= o
90 i A RS il A B9 A B PR R L W RE D T L OF
H AR WAk T4 L pH I RE ), IRA T
BON,0 WY IBAERE ST REAR . X 5 AT 545 A TA]  FEA
WEFE A=W s 2 a J5 W 3 080 RS 2 329% ~

54% N,0 B HERL [P < 0. 05, [ 2(a) 1, 5 2019 4F #7 fif
A= 5 W A FE ) 1 a AT 55 65 SRR LR 2R R AR
SRELAT R4 A e HE R . 3 nl Rl R A g 5 T LA
IR AR T A Ty - R R R R
W BT 2 25 R0 5 AL T T S AU b R i
2%, TR NLO B HETE ™. A , 3 Ak A= By e 36 i T
B AT HL-17 ) 52 1 T 5L vl iy 4 4 0 G 3 2K
WO T A e B LA B R SR T A W R ORI R
4, DT AR NLO RO . W e 2 it FH A= 2% 2 a )i
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BFERINT N,O MIHERL (P < 0.05), & 2R Y e B2 $E
RO T 81%[ & 2(b) ], 31X 5 2019 45 & A= ) s Wi
it A HR] 1 a 9 AF 5% 45 SRR [0 al R 2 i T A 2
KA K, A= 4 e s HE RN B 55, H RU7E - el
BV A 3 FE X NLO 1 HE ™ A 22 Sk s Y 9F
FHOCHEZE R, USR5 N,O HERU: SR 3
EARC (RS FIFR 6) B W mxt L3R ZE BA % B
FH L AE R Z 51, B1AI B2 A B NH, & B 8%, 7l fE
ST A R NH, I B ZEZE T NH, " ] NOS (1Y
Bedf  BRAK T NLO R HERL , M2 T M RE 3 Bt 25 BEE 1Y
Jiti A, B1 AT B2 &k 3 A= W) e BT W R %) NH I8 T B R
BT N0 M HEC [ S (a) ] #E B rh A%
AR BLAE P AR I 2 RRR T 35% 19 N,0 HE
(P <0.05), M B2 w1 4 ) 5 %k N,O JHERSCRAS
HE 2(c) ], X AT BE 5 B2 + 18 iy /K 5% AR Ry 2
Hi A7 T
3.2 AW FH AR S Xk RGHT Hl X R SR R 1 1
CH, HE 7Y 52

A A 6 CH, 09 HE O Fo77 A4 %L4t$uﬁﬁﬁ}%
GPEIRGTA B L2 B | pH UK 738 34
SESEFARSN P i TN tH ﬁkﬁlzzﬁjﬁ 55
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5V, 3% 5 Zhofig B 5 i 45 5 — BT G i 3
25T NO Nl 3 611 (3 5 j%mmﬁ%
m?%mﬁﬂF%@%M)Nwm%ﬁ%ﬁ%%
ﬁ?ﬂ%NOW*EMﬂm@%%GH%ﬂ1m
£¢ﬁ%%%§cﬁm%ﬁﬁmgﬁﬂé
mmm@mlmméﬁ%%%améﬂﬁm*
(P <0.05) 33 £ T2 by 3 Hb X574 28 B AR 2B
Wof T A X 25 /0, [ 500 6 1 30 58 R R a1
H ot S804, TS R 7 B e B 10 3 2 R O R
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AW 5T FAE B, A H A CON A B, BT AT B2 4b
FRUSAN 2 aJ5 , Y9x5 CH, A 3 B9 CHEE T, 9153 501 st
DT 63% Fil 54% , 11 5 8 6 A= 1 e Wit AL ) 1 a )
T 5% 45 A L, 2 Ak A W e A R R 2 118 el s 2R
A KRR AR RGN T g E A R
il T FR B T S Bl DT A T CHL B HE L
A= et BT 2 a ) D8 HEBE ) A T RB SR T
b2 a 1 A o B ER G RGN T KRS 2 R o AL T
A F I AT 7 RV A 7 A e A X B 5
S5 R AR B Y e S T R B T 4 A A
HEFE R AFOGE A& 00 4 HE 4 B BT i, RO 3 v T RS
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- 198 v (Y B BT T . Qi LR S [ 4 A )
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Kﬁﬁﬁm%méﬁ%mmﬁﬁiﬁﬁmHmF
HE TS AT CH, 94800k L 8 7K 43 46 1 F A gy e s +
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(1 375 A A7 7 26 00 0 D T 5 Bk 2 0 e S T ) R
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Sl i 8IS, A5 7 9 Tt A o ol 5 e B0 09 R 4 S
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