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Effects of Coconut Chaff Blochar Amendment on Methane and Nitrous Odee

Emissions from Paddy Flelds in }fot Areas 4

WANG Zl—]un WANG ‘Hong-hao, LI Jin-qit g WU Yan—zheng FU Pei-jiao, MENG Lei* , TANG Shui-rong
(College ()f"TI"OplLdl Crops Hainan Unlveraty, Hdlk()ll 570228 China)

Abstract 'Based on the rice- -vegetable crop rotation model, in-situ measurements of nitrous oxide (N,0) and methane ( CH,)

) o 7 &

emissions were conducted in double-cropping rice fields in Hainan to determine the impact of coconut chaff biochar on greenhouse gas
emissions. The experiment involved four treatments: conventional farming fertilization (CON) , nitrogen fertilizer combined with 20
t-hm ™2 biochar (B1), nitrogen fertilizer combined with 40 t-hm > biochar (B2), and no nitrogen fertilizer, as the control ( CK).
The N,0O and CH, emissions were measured using static chamber-gas chromatography during the two paddy seasons, and the global
warming potential (GWP) and greenhouse gas intensity ( GHGI) were also estimated. The results show that N,O emission dynamics
during the early rice season are closely related to the mineral nitrogen content of the soil. The N,O is emitted at the rice seedling and

~2. Compared with

tillering stages after fertilization. The cumulative N, O emission during the early rice season was 0. 18-0. 76 kg-hm
the CON treatment, the biochar treatments reduced N,O by 18% -43%, and the B2 treatment resulted in a significant reduction. The
addition of biochar may promote the reduction of N, O at the early rice seedling stage and increase N, O emissions by improving the soil
NO; -N content at the early rice tillering stage. During the late rice season, N, O is emitted during the heading and maturity stages, and
the cumulative N,O emission was 0. 17-0. 34 kg-hm™>. The B1 treatment reduced emissions by 37%, and B2 increased emission by
only 3%, which is not a significant difference. The peak of CH, emissions from rice fields appeared in the late phase of the early rice
season and prophase of the late rice season. The cumulative emission of CH, in the early rice season was 3. 11- 14.87 kg-hm .
Compared with CON, the CK treatment increased emission by 39% . The biochar treatment may increase soil aeration and limit the
ability of CH, production in the early rice season, as Bl and B2 treatments reduced CH, emissions by 28% and 71% . The cumulative

CH, emission in late rice season was 53. 1- 146. 3 kg+hm ™

, and the emission dynamics were significantly positively correlated with
NH," -N content. CK and BI treatments increased CH, emissions by 52% and 99%, respectively compared with CON, and the B2
treatment significantly increased CH, emissions by 176% . Compared with CON, the Bl and B2 treatments increased the yield by
12.0% and 14. 3% when applied in the early rice season and by 7. 6% and 0. 4% when applied in the late rice season, respectively.
Due to the increased methane emissions in the late rice season, biochar amendment increased the GWP of the double-cropping rice

field, in which the high amount of biochar reached a significant level; different amounts of biochar had no significant effect on the

Wim BE: 2020-11-29; £1T BH#: 2021-01-26
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GHGI of the double-cropping rice field. Thus, the application of coconut chaff biochar for the reduction of greenhouse gas emission,

from rice fields in hot areas, requires further research.

Key words: coconut chaff; biochar; hot area; double-cropping rice fields; greenhouse gas; global warming potential ( GWP)
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Table 2 Soil properties after rice harvest
y Ny — T
S A pH ﬁ/ﬁ;})ﬁ /iﬁil /iyjlfil /fngli:q]l
Gpaicl 5.90 2.7 147. 8 122.5 49.5
CK 5.47 0. 23bc 2.8+0.1b 216.8 £17. 5a 101. 1 £20.9a 29.8 £2.9a
Hg CON 5.36 0. 11c 2.6+0.1b 199.8 +31. 5a 120.4 +21. 5a 20.5 +2.0a
Bl 6. 06 +0.23ab 3.0 +0.3ab 116.4 +12. 4b 117.2 +18.3a 33.3+19.4a
B2 6.19 +0.59a 3.320.2a 128.5 +10. 4b 111.8 +10. 4a 34.4 +11.9a
CK 5.68 =0. 12b 3.0 £0.0b 208.9 +1.0a 114.1 £9. 5a 36.2 +4. 4ab
e e CON 5.53 +0.01b 3.0 +0.2b 113.5 +7. 6¢ 121.7 £22. 2a 26.8+1.4b
Bl 6.40 +0.36a 3.7+0.0a 141.0 +13. 8be 83.0 +9.0b 42.6 6. 1a
B2 6.50 +0.53a 3.3 +0.3ab 165.2 +20. 5b 82.6 +14.0b 35.6 +7.9ab
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Fig. 2 Dynamics of N,O and CH, emission fluxes from paddy fields with different treatments(2019)
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Fig. 3 Cumulative emissions of N,O and CH, from paddy fields with different treatments

2.4 UUZEFEH T R AR S

X ZEFE S R B AR 4 (a) R,
BN, -N 283 7 il IR 5 T v, il e () SiE 452
ﬁ'ﬁTF“ HAEZar 0, B2 Ab A - ENH, -N & i bh

LR TE55 29 d BHIVGH FR AR, Bl IS — B4R AR

7J<¥. B1 il B2 AbFRTE il A 3 BENE /G NO, -N 5 il
T, B FEE T CK F CON Xf IR, B 5 4% Ab 34
NO; -N/KFFEA — S s 2245 Ab BT 0T 2L 7 1t AR
3 h - &, it A FERE S, BR CK A H A Ab B A
NH,-N & & F &, R 218 T B Ir A b3 i
NO; -NEBAEZRME L N[ E4(b)].
2.5 WRAEWEYR P RMAER S5 SK
HERL A6 5

MR BN (F£3), FREERE N,0 HE

T S ENH, -N | NO, -NF 50 B 25 A C
(P<0.01) , 5HE N7 EHHH M BRFZE CH,
Hei 5 148 Eh AR B AR CHE, 55 em R
WEMMIE(P <0.05). BifEZd  fEH CH, HEilGE
w5 T HENH, -N & AR E EAECHE (P <
0.01), [R5+ Eh, 5 em TS BEIEMK(P
<0.05).

W N,0, CH, HEilt e & 5 KA Y&,
FEiE M SR AR SEE R, N, O HERE 545
TR EMHENE (P>0.05). BAEZ CH, HEiE
5 AR R ERAC (P <0.05) ; BEFF
= CH, HEC S i 5 58 pH 2 B FIEAMHC (P <
0.05) , [FIA 5 - 38 ol A5 w7 F A3 A dnb 2 B AH S 1k
(P<0.01,%4).



3936 ¥

i

Bl

e

42 5

PRE

ok

=
S

=
S

o
=
T

40 |

A HENH,-NE it /mg kg ™!

| ()

FHENO-NE it /mg kg ™!

G

L 1 I L I

05-30 06-19 07-09

07-29 08-18 09-07 09-27 10-17 11-06

Hil (A-H)

M4 FEAENSHEE LN, -

NFINO; -N i;b*"“(t(zow &)

Fig. 4 Dynamic changes in NH, -N __,emd NO; -N in paddy soils under dﬂ'ﬁerent tredlments(2019)

£3 WEN,0, OH, mm@;'ﬁisﬂrﬁﬁfumﬁ@ﬂﬁ;&”

Table 3 Correlations of N, 0 dnd CH4 emlsslons with“fiineral nitrogen content and en‘ylronmentdl “factors of paddy fields="* ik

J

‘,.

LS Nz:b cHf | ¢ Ny y—"" NO; -N J}, 3 g },.-a Eh 5 cm j;jﬁ '
NO V. T4 -0.07" ’_H“' /r @“' 0.44 " /ool # T oo el j__ﬁ
CH; y g T A0 -0.13 / fo 100, & \-0.24" 202" 3
NH, N | ‘ i 1 J I 1g I.'f'r'r 0. 14 g010.34° Loz 20.02, r:, ‘
NO§“N po I ¥ i | v y 1 ol —0.25 ' 0.06 0. ¥
PHg e« b | § [ F a L 0.72% -0.39
ey 1 F- i w A g 1 0.03
5 ot gl ¥ | . = 1
H}ﬁﬁéﬂ"' N,0 CH, NH; -N NO; -N pH Eh Sem +if
N,O 1 ~0.01 ~0.05 ~0.15 0.30 ~0. 12 ~0.04
CH, 1 0.33* 0.01 0.21 0.16" 0.15"
NH, -N 1 0.24" 0.25 0.28* 0.36™
NO; -N 1 0.28 0.32" 0.05
pH 1 ~0.03 ~0.06
Eh 1 0.28"
Sem i 1
1) « 2R 0. 05 K- B, o R 0. 01 KV B2
2.6 fEWAEYE o IR EF R HRR 35 -

FURS A W) A W 1 A 4% Ak L B) G 2 1 2 R
(P>0.05). MG =&AL FEAE Y A3 | 5 B A= W)
BRI B1 > B2 > CON > CK. 5 CON X #B AH

L, HAR A BT 1 35 22 5 TN B Ab R A /K A b | A
Y5 B YRR E ST CK XTI (P <0.05, K
5).

=k s s, RAEZ=K ARG & B2 > Bl > CON >
CK, &b 3 25 520K B 3. MR 22~ & B1 > B2 >
CON > CK, = CK B F (LT HE 3 Mili &AL, 78
100 a RUEETT o P Fs 22 SR v e iy Tk %, HE
HHHERE 2 TTER 1 75. 1% ~95. 1% ($%514y) , CH,

HHyfit/ithm ™

HF Wk BEEPE W

REE

[R]— [ FOR TRl /NG g e R Ab B ) 2% 53 8 25 (P < 0. 05)
E5 KBt T. i ESsEmEnEEnE

Fig. 5 Underground, aboveground biomass,

and total biomass of rice



8 1

TR, WM R X RGN, 0 F1 CH, HERL 52 1

3937

TIHRk T 84.7% ~96.3% (S AKAY ) . £ 4k B [a] &
GWP [ IRIFF 4 B2 > Bl > CK > CON, B2 kb4

HTRLA L T CON X (P <0.05). GHGI
B2 > B1 > CK > CON MJIi)F , b $ R JC i 2 2% 5.

%4 WMWHN,O, CH, HBE5kBENE FFEM T EBUHAXME"

Table 4  Correlations of N, O and CH, cumulative emissions from paddy fields with rice biomass, yield, and soil properties
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