5559 % 45 4 M + o W) Vol. 59, No. 4
202247 A ACTA PEDOLOGICA SINICA Jul., 2022

DOI: 10.11766/trxb202009110515

TEFE, ERF, BB KR, D, KRB, e KRR CO, Mk EEFmi X fi H CH, HE msEma ], 354, 2022, 59 (4):
1057-1067.

YU Haiyang, WANG Tianyu, HUANG Qiong, ZHANG Guangbin, MA Jing, ZHU Chunwu, XU Hua. Effect of Long-term Elevated CO,
Concentration on CH, Emissions from Rice Paddy Fields[J]. Acta Pedologica Sinica, 2022, 59 (4): 1057-1067.

KHE XS CO, iREHATXTEE CH, HEMHIE I

Figrtl ERFL F oH, R, B8, 4B, # 4"

(1. SR TSR R E R E R E (P EBAGE R R R T ), MR 210008; 2.4 ERl2EBE R, JLET 100049 )

1 E. KA CO, MBET il sl A A I CH, HERG . IR ARHFERII R CO, Ve B T X e T CH, HE M HAH 1
AW, XA RN X A A5 5N AR I CH, HERC w1 B S 258 S RIS, CO, Ve BE @ % Ff T CH,
HERC 2 S oL, AKFEELEETT 10 LA LB EFEH FACE ( free-air CO, enrichment ) 5, SR 2016—2017 4F1E 4
KL (ACO,) FIRS CO, HEETHES 200 pmol-mol ' £5F (ECO,) FHRGH CH, HERGHE & 7 F o8 R R FR ot S8 Ak TR RV
£, IR Meta Z3p M7 g i 5E CO, BEZ£ 4R RAR H CH, AR HAR G E MIREE - RER5Em . 2238 XTIk ACO,
AbBE, KA ECO, A HRAEAF IH CH, HERLFEAR 28% (P<0.05), 7 HUE i i - L FEAK 39% (P<0.05), [l H b S L TRV F
JEREI 21% (P>0.05 ), Meta 734 R, BEAE CO, BALAFERRAYHIAN, KA CO, W BE T dI e - CH, HRRCAN™ F BE T i
T EER SR HEVEIZ WG , X T B AL BRI 9% - BE A SR R I A . R, Ak T, KIRR €O, Wk
FriEn xR R CH, HEL, XX i K R R AT SR 1R 30w B S 5L,

KR COMETHR; CH,HER; REH; PR AL FLe biE; Meta 7387

HESES: SI13173 MEFRERS: A

Effect of Long-term Elevated CO, Concentration on CH, Emissions from Rice
Paddy Fields

YU Haiyang" %, WANG Tianyu' %, HUANG Qiong" *, ZHANG Guangbin', MA Jing', ZHU Chunwu', XU Hua'’

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:  Objective Increases in atmospheric CO, concentration have certain direct or indirect impacts on CH, emission from
rice paddy fields. So it is of great significance to have an in-depth study on impacts of long-term elevated atmospheric CO,
concentration on CH4 emission and related microorganisms for assessing and managing CH, emissions from rice paddy fields in
the context of future climate. Method To investigate effects of long-term elevated atmospheric CO, concentration on CH,

emission and its mechanism, CH4 emission fluxes and abundance of the methanogens and methanotrophs under ambient CO,
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(ACO,) and elevated CO, conditions (ECO,) in rice paddy fields were monitored during the 2016-2017 season, with the aid of the
Chinese rice FACE platform that has been operating for more than 10 years. Moreover, meta-analysis was conducted to determine
quantitatively effects of elevated CO, relative to duration on CH4 emission from and the abundances of methanogens and
methanotrophs in rice paddy fields. Result Results show that compared with ACO,, long-term ECO, significantly reduced CH,
emission and the abundance of methanogens by 28% and 39%, respectively (P<0.05), but increased the abundance of
methanotrophs by 21% (P>0.05). Meta-analysis shows that with the increase in duration of CO, elevation, the effect of elevated
atmospheric CO, concentration promoting CH4 emission and the abundance of methanogens gradually decreased, while the effect
on the abundance of methanotrophs gradually increased. Conclusion Therefore, it could be concluded that under future climate

conditions, long-term elevated CO, will reduce CH, emission from rice fields, which is of great significance for mitigating the

greenhouse effect brought about by rice cultivation.

Key words: Elevated CO,; CH, emissions; Rice paddy; Methanogens; Methanotrophs; Meta-analysis

IKFERME R RS CHy M EZENCHHERRZ —,
2y e Ek ol AR IE S CHy BEHERL R 14%
(10%~20%) M, K5 CO, el THEs J2 A Bk 37
R B AGHS 4, AOCE KRN AR ET, X
FEH CH, HEith B mER W WAFRE AR
CO, e B2 FHE X Rt - CHy HERCHY 520 B AL, X
TN A R BRI ARL TS 5t P AR A S R4 CH, HE
WCE R S R A EEE Y.

A 20 2 90 4FAL, KA CO, e i Tt i % A H
CH, HERCA 5 A5 B £ 52 [ bR e, K
FE SR, KA CO, MR BE Tty il 35 38 Jin s/ CH,
Hel B it o Meta 43018 B, RS CO, MR T Al i
T 0 CH, HET A N 34%~43% ™ HALH AT
AEJE KA CO T IR KRG A 1R, s
RS W AN 7 0 45 7 TR e S T, i B i =
e e D P (2 CH HE Bedh, KK
CO WREETH i 250 N, BT REFE IR merd (HI 5
iR M OREEG) SERs N ER, A hR
A pmod ( FUGE RN ARG ) i Kmi RS, ik
T KA CO, Mk B T AL 2 CH, 7 A2 1) [RIB 7] il
Ml CH, Ak, MmifEdEREH CH, HEi. A i
RKEW, KA CO, WET A T REMKRH CH,
Heite , R DR AT BEJ& K CO, B TH i AR B A=
Yy e WA 3t 1T O, AR PR AL, Mt 1
CH, ALY, BRifT, ZH0ET RS Co, W BT %t
FE - CH, HECR mi A AFF 5% 35 22 4 b T 200 3003800
( CO, FEZRARPR/NT 5 4F ) U 1215 1721 i P =K
WM (CO, BEZRAEPR K F45F 10 4F ) MBFFRAUA
— U HRE, Tokida ZFEP*LE it WL CO, iELLHE 7%

10 AE AR TR, KA CO WL T oK 3 fe ot
R CH, HE, HARSEALHI I AR IRA A . PR,
KA COL R T B9 A3, R 5 R A5

ABFFMRAE A BRI L 47 I 1) f < A v 1 VAR
FACE {8565, i F ) A, M S E
HIAS— UM BRI TR CO, M EE T 4%
PE RS CH HEHGE B, FFXA RS CO W ETH
i 2R R CH, HER I 45 R T 5 0 i
TRV T CO, e T v % A B CHL HERIAY 52 1) K
HREYIRLE], A TR (13~154F ) RS CO,
Y JEE T X e T CHL HERGE W S L], SRk
ARk AR R AR A A A X A Pl 3 AR ) 52 i 88t
Bt ST o

1 MRSk

1.1 ARXER

AR H P E RS H FACE ¥4, SESA6 T
TRE M T /NG EE (119°42'0"E, 32°35'34"N ). %
i DX T BT 2 KR SR S, SRR N S m,
AERRR 15.1°C, AEHREK R 980 mm, 2L E K
T 1100 mm, 4 H BB EKT 2 100 h, 4EHT05E )
220 d. REHBEE T 2010 FRTENRE—Z S0 1R,
2010 4F 5 U KRS —AC N B Al . LR
fib3E L, LAV N 18.4 gkg', &% N 1.45
gkg!, pH (H,0) 5 6.8,
1.2 REEiEt

G IR EET 2004 45, B4 3 4~ FACE B fil 3
AXFIE ( Ambient ) B8l FACE J& M1E /IS5,
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HAE 12m, “FHBITRAF CO, i fFim FACE &
Hiik COy MR, FFimad [ fE /G b iy 4 3 1) vh
WAL CO, M, TRIEH A ML 0 265 01 Pl 1
TLIEES X5 CO, YR BE AT S Wl AN, AR 4
KA CO,MBE . KU, IR LA S K A 7o )2 i3 )
CO, MBS 45F A s AT E N CO, BRI ] Al
M, KRS 225 F ] FACE BN CO, MR- +F
Bent FRPE 5 200 pmol'mol™'. 4 FACE &l Al L K
FACE &l Xt i BB 2z [a] a9 ] B K T 90 m, LABA{R 4%
FACE [ CO, BJixt HiAb B T >, F4& Cco, &
ZEmE—fEh 6 H FAIZE 10 A ), 4 H &0}
MHHMEHE.

ARG S 2 ANMEEEL: (1) IEH KA CO, Hk
FEARFR( ACO, );( 2 YRS COL ¥ TH s AL B ECO, ),
Bk F A R ROB 23 5, KRR AR E S 6 H
20 H, BENEYEITK 24 9, B2 1, SR
B4 11 H 3 H. HIEXLMEE R 2016—2017 4EK
Fr A 2 R) A5 B R Y b R R A e AR 4
’ﬁz, %HE%FQE%HE (ﬁ’?ﬁlﬁkﬁj\ N : P05 : K,0=
15% : 15% : 15% ) FIRZ (& N 46.7% ) FL ATt H
it Al 225 kgrhm 2, i HEROA AR 3 B — v e
WA, FEE. FEN 90 kghm 2, AL =ANH)
W, EAE 40% . SEEAE 30%. FEAE 30%. Hik
FE 1] 7 S A8 B it 1 L6 1

£1 20162017 EFEZHE S E

Table 1 Management of the paddy fields during the rice seasons in 2016-2017

HH R Agricultural activities

H ] Date (yyyy-mm-dd )

H ] Date (yyyy-mm-dd )

FENE Basal fertilization 2016-06-16 2017-06-19
34 Rice seedlings transplantation 2016-06-17 2017-06-20
4y EEJIE Tillering fertilization 2016-06-29 2017-06-30
T#JE Panicle initiation fertilization 2016-07-28 2017-07-28
i3k Harvest 2016-11-02 2017-11-03

FELEHE K Continuous flooding
"% H Midseason drainage
TIRAZEF Drying-wetting alternation

HE/KV% T Final drainage

2016-06-16—2016-07-31

2016-08-01—2016-08-08

2016-08-09—2016-10-11

2016-10-12

2017-06-19—2017-08-01

2017-08-02—2017-08-09

2017-08-10—2017-10-14

2017-10-15

1.3 SEHERRESHN

CH, B il R AR B WAL, FEIRM Bl
AP o SRAEFE o A H RN AR P56 43, = 3
7 0.6m, JEHEFHA 0.122 5m? (0.35 mx0.35 m ),
JEKFE 0 TR B A K B A (RBE R 0.04 m), H
TR G WIIN)Z o SRR A A S AE e A
HACFAEEE (0.3 mx0.3 mx0.15 m) |, JEEEE T
Ui 5 HER WSV . KR K, FEIRESRRA
AN AU D SR i ao A 0 45 B R Bl o R R A
BE, M@ R AR NSRS A 21 mL 225 B
W, AR 12 min SRAE 1R, FLEREE 4 K. REELE
S G O A TR N SR R i 7
i) e /N o K i A Z iSRRI B Ry 3~7d, Z
JEWIMRIRE A 10~12d, RAFEEFE] R 8: 00~11: 00,
SRRV, DU A R DA R 3 T K 2 TR DA AR
CH, HF i £

AURERE S A A S O B A 8% (FID ) 19
LSS AR (Agilent 7890B, &M ) 5. #E
RIS 60°C, 25Kt 400 mL-min ', Hy A&
45 mL-min', EWSWHE 5 mL-min', #5N,,
K 4RI 300°C . CHy AREUMA b [ R
W feft .

14 FREEMRRESLEEESHT

THAETH 18 B (/BRI ). 7 A 28 H (7
BERRI ) Mo 8 F 10 H (2R ) SRAE L 3EREAL . ]
%F#HL ( Automatic gland freezer dryer, Labconco
Triad 2.5L; Kansas City, MO, SEE ) B 4k
F-50°CH# T #i & FastDNA“SPIN Kit for Soil ( MP
Biomedical LLC, Ohio, [ ) 17 & rh it B 4542
B+ 4 DNA . # FH CFX96 Optical Real-Time
Detection System ( Bio-Red Laboratories , Inc.
Hercules, ) (Y& 7500 & & PCR 43#r. ™
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HIER DI RESRE N merd H951%)°8 mals-mod/merA-
rev, 1B AL DI RERE I pmod M5 1H) 2 A189f/
mb66 111242,

1.5 Meta 9 #7

1.5.1 Ak s KM Web of Science (http: //
apps.webofknowledge.com/ ) Fl 1 [E HI M ( https: //
www.cnki.net/ ) #1 & &R T 2020 4F 7 A Z R FIAT
PSR SCE . SRHER O : FHT . CHy, CO ¥R T
FEHGETR . H AR A . XA AR I O SO R
DU ARMEREAT R E: (1) KRS COL BT Ak
H (ECO,) MIEH KA CO, WEEAFE (ACO,) )
CH, HEif . 77 H b B sl R o AUk TR AR 7 =F B b 2
[F] I B4R TE 5 (2) CO, BEZE N [A] 6 25 41 18 Bl it
HoA SCER BB A o e AAT B PR UERIAF TR S 29 T
(£ 2), BiERMNOFEABFAENTY 14 4> S50 Hb 51
1 180 2%, Horf CH, HERCAI BT SR 92 2%, 7
FH e R V% = B O RIF B0 49 4%, W e S AL B REVR
F WA R 39 4%

1.5.2 ZOw{E KM Metawin 2.0 #£17 Meta 43
B, LAY InR=In ( Xeco,/Xaco, ) TR (H
InR, o, RACERWN Y, Xeco, Fl Xaco, 73 ALK
BE— LI FE BR Y KA CO, Y BE T v Ak BHULIN AR 1 E
RS CO, W EE AL FNLIAE . AOW AR TG . T
HH ARG 1 55 A 3 A% B R RO R, T
PP 3] 95% 8 15 XA (95%C1). FIJH AR

AERRXT CH HERCR: . = HBE R 5 . H ik
DAV R DL P LI s2 i B2 B2 . EF 95%Cl
HERM KRR CO, B2 AF RIS B35, Ak,
W R 2
1.6 HESHH

CH, HEjifs 33 A X

F=pxrxHx (273+T) /T (1)

Xrf, FO CH HERGE R, mgm>h; p hbrdiik
AT CHy W%, BUAN 0.714 kgm™; r Ry sifiz i
]2 PRI A CH, WeBE 28 fbde, pL'd 'y H R4A
RAEIA LR, my TR NERE, C.
CH, 19215 HE T e 2R B UL I (L3 F 1] )

BRI 245 PR 3 AN EHE R EE, HIHR A
LUNE

T=Y[ ( Fj+F;) /2] x ( D;—D;) x24/1 000 (2)

K, TR CH METEHECE, gm”; F A Fu
GRS RS i1 UORFERT CHy 2 HEGHE & |
mg'm >h's Dl Dy 53 9REE i AN i+ 1 YORFERT
], do

B b R K 43 BRI Origin 8.5 5 SPSS 20.0
o

ot

2 4 R

21 KHXS CO,REASXEE CH, HEMH

A

2016—2017 /K AEA K2, & A0 2ERTH CH, HE
OB ETT AR 1 R, 2016 4, £ AbH
CH, HEGHE = 7EK RS ARG B W i, {1 LR
HARHET AT (BARJ5 5 37 K ), ACO, il ECO, 1
A A3 98 27.7 mg'm >h ™' Fl 18.4mgm >h'; H
RHET S, ACO, 23 CH, HEMCGHE &G NI, i
ECO, AbH T a3 g iy TR 2e B Jm 45 Ab 3
CH, HE7GE & IS Al (BARRJESE 57 K),
I iF ACO, F1 ECO, I HE ik W {8 4 51y 22.2
mg-m >h™' fl 8.2 mgm *h'; FifiJ5, CH, HEHGHE & %
FEEARIKE, T JE BHET Y CHy HEBGE & LT8 0
(&l 1a). 2017 4F CH, HEjloE 5215224k 5 2016
AEFEARMFE—H, ACO, Fll ECO, M5 — N IEMH (7%
FHIFE 36 KX) /5~ 46.7 mgm>h!' Fl 39.3
BN (BHJEEE S6 K ) 43l
11.7 mg'm >h"' F1 16.4 mg-m >h™" (& 1b). CH,HE
s & I R AR PR AR AL, 2017 4F CH, HEGE &
W1 = T 2016 4F

2 3 A[Hl, 2016—2017 K4 KZ, ECO,
A3 CH, HFBCE & 5T ACO, Ab B ( P<0.05 ).
2016 A1 2017 4F CH, HFBUR 22 780K, XFHA]
M, ECO, ZbFEH ACO, AbHER) CHy HEMCE K
11%~54%. 256 2 DRERMIINZES, ECO, 4b#
CH, HFiui 2 B # K T ACO, 4bH 28% ( P<0.05 ).

mg-m’z-h" R
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Table 2 Information of field experiments in the literature
COE#H  CO T CH,
Ihc TG Hb A A 8= AERR e EE HEnlk PHEEE O WEREEE %S0k
No. Site Coordinates Facility =~ Duration Elevated CO, CH, Methanogens Methanotrophs Reference
of ECO, /a / ( pmol'-mol™) emission

1 mR4ER, £E  82°19'W, 29°39'N SPARs 1 330 f [6]
2 I, M 85°56'E, 20°27'N  OTCs 3 156 H [7]
30 Bk, BA 140°07'E, 36°01'N Climatron 1 329 f [21]
4 W, AR 140°07'E, 36°01'N Climatron 1 300 f [27]
5 AT, HE 140°57'E, 39°38'N FACE 7 183 f [8]
6 BN, HE 119°50'E, 30°20'N Climatron 1 310 H 1 H [28]
7 H#F, HA 140°57'E, 39°38'N FACE 3 200 1 H [9]
8 I, HA 140°07'E, 36°01'N FACE 2 181 1 H [18]
9 AT, HAE 140°57'E, 39°38'N FACE 11 199 i [29]
10 W, hE 120°33'E, 31°30'N FACE 4 <150 H H [30]
1 Bk, HA 140°07'E, 36°01'N Climatron 1 200 H [31]
12 i, HA 140°07'E, 36°01'N FACE 3 200 f [19]
13 XBE, WEA 8°44'W, 39°02’N  OTCs 1~2 175 H [10]
14 ®™a, THE 115°54'E, 28°36'N Climatron 1 205~214 f H f [32]
15 AF, BHAE 140°57'E, 39°38'N FACE 10~11 200 i [22]
16 FM, P 112°09'E, 30°21'N OTCs 4 53~61 i [12]
17 WA, hHE 120°33'E, 31°30'N FACE 4~6 82~113 e} B [13]
18 VLS, E 119°42'E, 32°35'N FACE 1~4 200 e} [14]
19 k%, THE 120°28'E, 31°37'N  FACE 2~3 200 e} [15]
20 B, wEE 126°53'E, 35°10'N OTCs 3 277 e} [16]
21 #F, HAER 141°00'E, 39°40'N FACE 1~3 200 e} [17]
T8, HHE 120°28'E, 31°37'N FACE 1~3 200 el [17]
22 EHTEAET, JEHEE 121°15°E, 14°13'N OTCs 1~2 300 f [5]
23 VL#ER, THE 119°42'E, 32°35'N FACE 1 200 A [33]
24 YLER, PHE 119°42'E, 32°35'N FACE 1 200 H [34]
25 YL#ER, 119°42'E, 32°35'N FACE 1 200 H [35]
26 AR, P 119°42'E, 32°35'N FACE 2 200 H f [36]
27 VLER, HE 119°42'E, 32°35'N FACE 6~7 200 f [37]
28 VLEB, HE 119°42'E, 32°35'N FACE 6~7 200 H [38]
29 W, HhE 120°33'E, 31°30'N FACE 3 88 H [39]

WIET R ARG “A” FamSCHk TPl IR G K05 . Note: SPARSs stands for soil-plant-atmosphere research chambers; OTCs for open-top

chambers; Climatron for growth chambers; and FACE for free-air CO, enrichemnt. “Have” means that relevant data are available in the

literature.
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H ] Date (yyyy-mm-dd)

. ACO, /R IEH KR CO W FEALFE ; ECO, Fm KR CO, METHE AP, T IH . Note: ACO, stands for the treatment of ambient

CO, concentration; and ECO, for the treatment of elevated CO, concentration. The same below.

B 1

Fig. 1

R CH, HECH 19 =15 22 1k

Seasonal variation of CHy fluxes from the rice paddy field

x3 CHHMEE. mRREMRRELRFEFE

Table 3 Total CH,4 emission and copies number of mcrA genes and pmoA genes

. CH, HEil e it merA FE 5 DKL pmoA SR ¥ DL %R
£y Year i CH, emissions mcrA copy number pmoA copy number
Treatments
/ (kg'hm?) x10% ( copies'g™ dws) x10°/ ( copies-g'dws )

2016 ACO, 228.3%15.8a 3.41£0.16a 5.66t1.4la
ECO, 105.8+7.9b 1.93+0.14b 5.99+1.59a
2017 ACO; 351.2£30.5a 1.83+0.29a 6.66+1.25a
ECO, 312.5+5.0b 1.27+0.38a 8.95+2.20a
-3 Avergae ACO, 289.8+7.3a 2.62£0.27a 6.16+1.62a
ECO, 209.1+6.5b 1.6010.15b 7.47%2.06a

Bl —FRE/ING b RN W] — 4R b BRI AP A B 5 25 55 (P <0.05)o merd Fl pmod 53 3| 37 7 B ot T By fil 5 AL A Y e 41k

WIIRESL A . Note: Different lowercase letters in the same column indicate significant difference between treatments in the same year ( P <

0.05) . merd and pmoA indicate functional genes of methanogens and methanotrophs.

22 KHIXS CO,REFASMF~HITEMBPRE

CHEEERFEENZ M

AN T s 1R T = - 347 ) 7 B o T A o S Ak
R 3R 3 TR .2016—2017 4E KRR K 2,
ECO, b3 H e R A 7% F BEAIR T ACO, b B, XTLH
ACO, AbHE, ECO, AR 7™ B e 1 B 7 3= B e K
31%~43%, Hr 2016 43k B E K (P<0.05), *f
TP 7 B ot TR 7% =F B 9T 3B, ECO, b 3IL T
ACO, AbFH 39% ( P<0.05 ). Hbe A LB BEE EREH)
M) i s A 55 7 R G TR AR 7% = B2 e #5ME I, ECO, Ab 3
e EAL RIS R T ACO, 4b#, XtH ACO,

AbFE  ECO, Ak BT H ot 80 Ak TR R Vi = BE 1 N 6% ~
34%; ZEAPAER 2S5, ECO, Ab B H e E b
PREVE F B ACO, A0S 21% (( P>0.05 ), #HK
S RWY, R CH, 2295 HERCE 5 7 H e o A
HH e S A TR R 7 =F B2 O R A B A DG OC &R (r 43
M -0.308 F1 0.378, P>0.05), Ifij ;= FF 4 B BE 74
F= B 5 W Ge AR TRV R 3 M DG (=0.643
P<0.05 ),

e DAL 5T FAS B 2 850805 T 15 31 RS0 CO, vk
FETHE AT CH, HER A 3 98007 3 -5 7= H ot B A
Jor LA DR R V% 3 B B DR B YOG R (L 2 ). X LB IE
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T a) PP A, b) Mbe S (R = s 2,

¢ ) 77 T 5 R T e S o R RE V% R 2 9 LR A 325 B o R

COIREFHEAL B, A FIRIEH KR CO, MJEALHE ., Note: a) abundance of methanogens; b ) abundance of methanotrophs; and c ) ratio

of the abundance of methanogens and the abundance of methanotrophs. E stands for the treatment of elevated CO, concentration, and A for

the treatment of ambient CO, concentration.

B2 KA COLMRPETHRI AT CH HEC A IR 5 7™ Y A i 0 Y o 4 T A =2 2 8 il 8 1) 56 3%

Fig. 2 Relationship between magnitude of the increase or decrease in CH4 emission and magnitude of the increase or decrease in the abundance
of methanogenic and methanotrophs as affected by elevated atmospheric CO, concentration

R CO MRBEARAT, KA CO, WRBE T 254 T Fed
FH CH, HE % 18 a0 M B2 5 77 HR o DR 9 = B2 A9 385 sk
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Fig. 3 Effect of duration of elevated CO, concentration on CH4 emissions and abundances of methanogens and methanotrophs
from rice paddy fields
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