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Abstract; Asymmetric diurnal warming is one of the main features of global climate warming. Nighttime warming clearly
impacts rice productions as well as methane (CH,) and nitrous oxide (N,0) emissions in paddy field. Silicon is beneficial
element for crop growth. Silicate supply obviously increased yield, simultaneously decreased CH, emission in paddy field.
Some reports have been available concerning nighttime warming or silicate supply effects on CH, and N,O emissions in rice
fields, but it is still unclear regarding the effects of both coupling on the emissions in paddy field. Field simulation
experiment was conducted to investigate the effects of silicate supply on rice growth, yield and CH, and N,O global warming
potentials and emission intensity under nighttime warming. An aluminum foil reflective film was used to cover rice canopy at
night (19:00—6:00) for nighttime warming excluding strong windy and rainy days under field conditions. The experiment
was designed with two nighttime warming levels, i.e. nighttime warming (NW) and control ( CK, ambient temperature ) ,

and two silicate supply levels, i.e. control (Si0) and Sil (slag fertilizer, 200 kgSiO,/hm”). The results showed that
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silicate application could alleviate the inhibitory effect of nighttime warming on root activity, the dry weight of aboveground
and belowground as well as yield in rice. Nighttime warming significantly increased CH, cumulative emission, in contrast,
silicate application significantly reduced CH, cumulative emission. The CH, cumulative emission in the treatment with
silicate application under nighttime warming was 48.12% , 49.16%, 61.59% and 39.13% lower than that without silicate
application at tillering stage, jointing stage, heading—flowering stage, and filling stage. Night warming or silicate application
could promote N,O emission in the field. Under nighttime warming, N,O cumulative emission in the treatment with silicate
application at the above—mentioned growth stages and the whole growth period was 78.17%, 51.45%, 52.01% , 26.14%,
and 40.70% higher than that in the control (without silicate application). This findings suggest that silicate application was
helpful in alleviating the stimulative effects of nighttime warming on the warming potential and emission intensity in the

paddy field.
Key Words:; paddy field; silicate application; nighttime warming; methane ; nitrous oxide
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Fig.1 Effect of silicate application on rice root activity under nighttime warming
CK; &%} # normal temperature control; NW ; #Z[H]3 3 nighttime warming; Si0: AHfifi no silicate application; Sil; Jififif silicate application;
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Table 1 Effect of silicate application on shoot dry weight, root dry weight and yield in rice under nighttime warming

Qb3 WA= Mo b ESTE kT HE P
Treatment Root dry weight/g Shoot dry weight/g Total plant dry weight/g Rice yield/ (t/hm?)
CK+Si0 3.32+0.97b 25.93+6.09ab 29.25+5.93ab 10.89+1.74a
NW+8i0 3.04+1.06b 18.95+5.24b 21.99+6.15b 10.43+1.56a
NW+Sil 4.21+1.49b 31.11+£5.93a 35.32+5.05a 11.17+1.64a
CK+Sil 7.76+2.46a 29.53+2.22a 35.07+6.78a 12.48+0.46a

[A]l—F i 5 R Al /INE R R s A FRIA] 25 573 8.3 (P<0.05) ; CK: IR 4T BB normal temperature control; NW . % [A] 34 i nighttime warming;

Si0: ANjififit no silicate application; Sil; JfifE silicate application
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HERCE B W T, AR (64—114 d) , 2/MEREWE ), 7655 77 d A1 106 d A H 805 Yk 0 HE R 1
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DU b b B A CH, HEE B R AR R - NW+Si0>CK +Si0>NW +Sil >CK+Sil . JCIB R a4 iR 5 75 | it
FEXIREAR CH HEl 788 R RS AET  it Ak e FH P X5 CHL, HE G £ 4 43 BE T H51 07l A 00 R 20 - i 22
13590 LA Tt ik AR 27.85% ,52.86% .60.41% F1 10.79% ; FEAR [ 34 1R 458, e ek A% A% CH, Hlk i B 78 R
= H W AR 2> B 41.87% 47.28% 57.15% K11 37.08% ,
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[ 8 Y AL 3 LB R BB AL BRAY CH, HEGE B0 5 T 5 9.87% .63.83% .32.49% 1 57.85% , I WL, Jita fef: v 4100 i
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Fig.2 Effect of silicate application on CH, emission flux in paddy field under nighttime warming
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Fig.3 Effect of silicate application on N,O emission flux in paddy field under nighttime warming
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HE N, O MHERL, PR A A2 2k N,O BHE L, = FpAbHRXT N,O A9 f2 2F 2 BE K UK S NW+Si0> NW +Sil >CK
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2.3 PRIEHEIE T b AT RS CH, AN N, O 45 A4 B 1 BT HER A 52

2 W& I KR A A B B R EAR A CH, 23R e 0 BE R, 24 5 Ak B R
) 50% 25 A7 5 FEUCRAR 1T 2R FIE I il | 245 209%—30% ; -3 AL R A1, H o5 A B I HE il o 1
1%—2% ., it 57, AR T CH, M Bt HECE 88w . EARMERESSIF T, AR IR A B CH, 2
TR , 765 BE A 3R 0 1l -3 6 100 R R S i s I R 4 A= T, i) L X RS N 47.07% L 48.41%
53.66% .120.75%F1 59.71% , £ Jb 355 %f B[] 25 55 35938 0 KO s FERRE 2% A4 T, IR AT iR AL 3 Y CH, 23T HE
R TE AR B K A B, 40 ) e BB AL BT 6.40% ,95.79% .60.82% .55.91% F1 36.51% , 443 BE Y]
A, 454 B 5 ) 22 5 23k i 2E K- (P<0.05)

TCWHIR 5 A5 iR RN CH, A SR HERCR: . 765 R B T ik b B CH, RITHHER & 7E ik
A F AR AT, 23 Hoxs BRIGEAIR 28.28% 61.46% 63.30% 13.81%F1 37.61% , BRUEI - A AN %&b P 5
Xof HE ] 25 57 227308 W 3B /KT (P<0.05 ) s FERC [RGB A5 14 i ik A B CH, BT HERCEAE Bk A= B 1, 4300l e
ASHEREAL FRAYFRAR 48.12% 49.16% 61.59% H1 39.13% , 4>E & W) CH, B3R A HERE ) A 46.67% ,
ZE SR B, AT R R R R CH, ST HER R R W RS CH, ST HHERCER: | it ik T 92 03 [ 1 1R
Xf CH, HERC AR HEVE T
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Table 2 Effect of silicon application on CH, cumulative emissions in rice paddy field at different growth stages under nighttime warming

S PR A T 2EFEM
o Jointing-booting Heading-flowering Grain filling-maturity Whole growth
Tillering stage .
Ab stage stage stage period
Treatment Hech: Hec: Heli Fil6 Hecs
Emission/ it Emission/ it Emission/ it Emission/ it Emission/
) Percent/ % ) Percent/ % 5 Percent/ % ) Percent/ % )
(mg/m”) (mg/m”) (mg/m”) (mg/m”) (mg/m”)
CK+8i0 1715.71+110.84b  48.49 1169.31+56.02b 33.05 73.84+3.37b 2.09 579.24£12.51¢ 16.37 3538.09+168.73b
NW+Si0 2523.33+43.85a 44.65 1735.38+34.85a 30.71 113.4+10.63a 2.01 1278.68+166.58a  22.63 5650.86+156.45a
NW+Sil 1309.18+58.23¢ 43.45 882.30+4.62¢ 29.28 43.58+1.50¢ 1.45 778.35+45.24b 25.83 3013.41£99.19¢
CK+Sil 1230.48+92.90c 55.74 450.63+2.84d 20.41 27.10+1.06d 1.23 499.22+14.25¢ 22.62 2207.43+80.37d

[F] — SR 5 A [/ NE S B b BE) 22 5% . 3% ( P<0.05)

3R 3 A, FEKRE U A 0, 45 A BRI AR I - I N, O HEC e s, i 2B B I 35%—50%
P RRAR EIIR 2 , 2915 20%—30% , 7 BERI IR AR, (A B B 5% —15% , 1 [A] 14 e ol it ik 2
AR A N,O 7E4 4 & W0y Bt i, FotiaE R N,0 RatHEs R, 76 Ll A F I A F 5 5 Lt
St BEFF 5 237.25% 50.73% 37.50% 29.80% F1 48.44% , H. 5%} B 6] 2% 5 243k 5 2 /K s H k47 1 18] 14 18 Ak 3
B N,O0 ZitHEucE 20 9 A PR 5 121.64% 93.43% 118.28% 12.81% 1 60.97% , 4 HE 3 - 201 41 |, 4% ik 34
5%} ] 22 S 2 0A EKAE  BEREIR it AR A UEARE B N,O BT HE R, 7E iR A B e F W 5
Xt HETF i 78.17% 51.45% 52.01% 26.14% K1 40.70% , H B BERH AN YRS B[R] ik g 25 5 0 vl I i fik
ARG PE = N,O S THERCE: , R R34 IR T e nT 3 A N,0 RitHEiia . N alkE , —Fhibi
XIREH N,0 2t AR R R NW+Si0>CK+Sil >NW+Si1>CK+Si0,

2.4 D[RV IR T A X A P ek s S R HE IO B 1) 5 i)
MK 4 F R R (CK+8i0) , R A7 [A) 3G U (NW +Si0 ) FIA 8] 3G I T ik (NW+Si1) &b 2 i % H
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CH, (R 38 1R BTN HE O BE o5 HL# T, 2905 53%—65% , 1 H BEAT it ik b B ( CK+Sil) BAE N, O 0l 5 oA
1, M 55.94% , JCIEHATE S A, it hd ¥ S 3 KRG CH, 09 38 TR v SR HE B W IR IR AR it e Ak B
(Sil)AFH CH 38 i AR HE R BE ARt (Si0) 1K 37.619% 1 45.56% ; 7 (A1 R Z5 144, Sil AbFEfY CH, 3%
TRV HE IR FE L Si0 AbFR MG 46.67% 1 50.22% , JCIE k575 , 12 6] 34 I 45 b 3 B vy CHL, A 338 108 08 4
FHECREE . 7 Si0 Z50F T, NW A FH 14 5 H 38 I8 Vs S5 RN HE 3o B2 LE IR0 BB (CK) 785 59.71% F1 66.83% ; 1E
Sil 45HF T, NW A3 4 I8 v SR HE iR B LL i TR0 R ( CKO) B85 36.519% F11 52.55% .,

F3 RWEBERTHEEXNERN,O SEFHRITHRENZ N

Table 3 Effect of silicon application on N, O cumulative emission in paddy field under nighttime warming

" PR TR £ HEIR Y] EEFEW
SrEE]
_— Jointing-booting Heading-flowering Grain filling-maturity Whole growth
Tillering stage ;
hb3 stage stage stage period
Treatment Hefc: Hfici: Heflc: HEfici: Hefici:
Emission/ it Emission/ ritt Emission/ ritt Emission/ ritt Emission/
) Percent/% 5 Percent/% N Percent/% ) Percent/% )
(mg/m”) (mg/m*) (mg/m*) (mg/m”) (mg/m”)
CK+Si0 11.71£2.40¢ 5.87 45.41+2.17¢ 22.76 44.29+2.72¢ 22.20 98.08+5.98¢ 49.16 199.49+9.84¢
NW+Si0 25.95+7.89b 8.08 87.84+10.13a 27.35 96.68+13.09a 30.11 110.64+3.08bc 34.46 321.11£25.89a
NW+Sil 20.86+3.21bc 7.43 68.77+1.69h 24.50 67.33+4.22b 23.99 123.71+11.67ab  44.08 280.67+18.05h
CK+Sil 39.48+8.85a 13.33 68.44+11.85b 23.11 60.90+8.05b 20.57 127.30+9.48a 42.99 296.13+22.82ab

[F] — SR 5 A ] /NG - e b BRE) 22 5 . 3% (P<0.05)

55 ANt A YR BE AL BRAR FU ( CK+Si0) , Hofth = A Ab B4 B 3 A2 0F N, O Y384 5 v S M HE R B2, Sil b
TR PO B TR PR HE R | 23501 Eb Si0 AR PR 60.97% 1 68.13% , 11 NW A 3 %) 38 5 E: AR HE il 5 28 | 40 1)
P R 0T HR R 48.449%F1 29.52% ; % (1341 T ik A0 FE (NW+Si1) (1934 TR I S FIHRBOREE | A IERE TR R
( CK+Si0) {5 40.70% 1 37.18% .

VAR T IR PT E EEE CH, AN, O (24 S IR v S HE i B | it ik o] BRI CHL A N, O Y &5 41
TV A RHE IR B | MR AT AT R AR () 3 R CHL, AN N, O £ 3R S FHE oo B AR VR

F4 HEEETHEENTEE CH, 0 N,O iR BB NHEMEENH N

Table 4 Effect of silicon application on the warming potential and emission intensity of CH, and N, O in paddy field under nighttime warming

ARG IES T3 AR b Percont/
iR GWP/ (kg €O, eq/hm?) GHGL/ (kg €O, eq/t) Pkt Percent/7%
Treatment - N . N y

CH, N,0 A3 Total CH, N,0 A3 Total CH, N,0
CK+Si0 990.67+47.24h  528.64:26.08 ¢ 1519.31x26.80bc  90.96x434b  48.54:2.39¢  139.50:2.46b 6521 34.79
NW+Si0 1582.24243.81a  850.9368.6la 2433.17:59.41a 151742420 816136581  233.35:5.70a 6.3 34.97
NWHSil 843.75:27.77c  TA3T8x47.82h  1S87.53:75.12b  75.53:2.49c  66.58:4.28b  142.12:6.73b 5315 46.85
CK+Sil 618.08+22.50d  784.74:60.48ab 1402.8248.50c  49.52:180d  62.874.84h  112.38:3.80c 4406 55.94

[)— BB 5 AN RN S 3 A AR TR 25 57 (3 ( P<0.05) 3 GWP . 2 BRI R34 Global warming potential ; GHGI; i 2 S AAHE 5% & Greenhouse gas intensity

3 itig
3.1 GIEHGHRE T AL XSRS H CH, AN, O HEH ) 50

CH  HEC 252 A 38 v ™ g B8 N R g e AR T 52 i 70 R B CHL 7™ AR A0 J5UFE T A% IR SR SR 858 T
A7 B CH, B AE A AR AT BT AT, b oA A e IR ™ A A A B A
PR AL USRI ARBRIFSE S AL e, R IR AR A B Z 145 AF T, LA NOS  Mn™ Fe™ Fil
SO VER L T2k, X it 7 BhpR e R A7 4000 1A Ak T W /K DR SRR I A7 R 17 CHL T %
gy HE K G 5 1 -39 S B, A8 S A3 () T, 7 CHL RS PRS2 ], F e S 1k 1T 1 1
5, 2L CH ARV AR (B 2) o B )i A A2 EAS T CHL AR (181 2 3 2) , R T (1) B I 1 Tt e
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TRAKAEAR ZR 0 7 (1) AR PR 3 H e Ul 557, Wb B2 T s (i 9 2 AR R 0 i g ik 38 - 48 v ol 7™ CHL, T 4
ftag 2l R PERIE Y e CH,HERC; (2) A8 I CH, HERCR 57K R A= 408 s HE ™, 18 18] 348 3R R AR K
FEH A=y fn = (32 1), BRARAR AR X i 0 18152 , Sk CHL = AR BRI 2 il Rk S ) CHL HER, JR R ]
REFET . (1) CH, A LR A K W fid pH (E R 6.6—6.8 , e HH 318 pH Ry 6.2, il A (1459 75 Ak I A i AT e
SIHE 3% pH FHRE AT b, A BT be A Btk e 7 H 3R, SR A9 i S CH, T 1935
P, TR CH, A=A 00 5 (2) B REAE h &k AR SO0 3 AR TE /KRBT TR L T2 44 (R 1k HY Be R4
AL, T AR CH,HERC 5 (3) Htird ] (2 KRR R A K B AR R TE 01 (38 1B 1) AR Rl AR
b7, $ AR PR B AL B TG ek el A, NI CH, HERL S

FH 6] 38 5K R0 N, O HERCRY EE N K, R AL THK &M T, N, 0 HERHXT MK, 5 R AR BEA
FITF NO; FEL B AL AR (N,) A 54 i R FEHEZK A9 FE 309 e, 830 <0 R 4, 38 7 NH-N il NO;-N
i, A AT N0 FEARIHER ) TR, N, O B HE (i 32 B A R I, W K 4k AR N, O HEE #5
fi%, 8238 F 0 3) . AlE N,0 SitHeilca & F—MeAg i, JER T REAE T2 (1) A6 R K - v g
- WK AK A BET , TIRAC R MGE AR R 06 A E A HLRR 7 e 1k, o Al AL RO Ak i i 2
Ak A ) IERE N,O P2 A HERC; (2) A8 FH a0 SRR B 5K, KRG R A S Y] | 457 10 T K 4k 2k
SR 4 JE AWK A5 1B KA AT N,O HERC, B L, W [R] E K38 N,0 S HHEicE ., A H N,0 £Zk A
TR R A R Y A AR Y BRG] R NLO B (3R 3) JRIFAE T (1) R N,0 HEs
A RS IE A IR T A T e s B AR RS A A SRS AR A T, AT A N, O 7 AR HE K
(2) TR TR PR R AR i A= (3R 1) AW AP o R B AR R R D, B A R e e,
N, O FEA PR TR 2 R, ikt T B AR RS N, O HERL, SR v BEAE T . (1) it fk o] A2 AR AR B AN
R TPEIE R (3R 1) AR S A R A 2 5 10 S i A ALY, [RIEE A HLA 2o g AN AN T 4
fLe T IR T FE SRR, SR TR R AR BT T B, 1 — 25 S AR A T, AT A2 2 N, O HERL ) 5 (2) AK R A Ak o
N, O HEff e Fg AR MK AT R HE R N,0 A 80% LA I 5 i /K R A ARHERC A RS TNt
Fik AT 42 R K FEAR 2R 05 J, T R K AR AR RS 2% NL,O eI (I8 1)

3.2 BElEE IR T MEREXTRE I CH, AN N, O 3 iR AR HE i 5m JBE 1 5 i)

AHFFE 25 FF M | O TAIHE IR R RERS FH CH, A N, O X 384 TR B RN HE R B (1 BTRIEA AT 24, %5 7 50% 22
fi(F4) JRHATTRRE T, BAR CH, A Bt HEBE ZEE KT N, O, (H 507 T2 19 N, O JIr 7 A= 11 ik 25 3000 #) )2
CH, 1 20 5, RHAERRGS GHGL 1 R/NG IR AR i A H ) KARERL CH, AT N, O AT FL#E
ISR T eI P R AR CH, A N, O ARG IR TSI HE R B | 5 R AT BE7E . (1) 2 I 38 1 i B4R
#E CH, AN, O Ak, WA FEE R S RHEGR E 5 (2) GHGL 248 HA7 ™ f2 1 GWP 7[RI HEIR FEAIR 1K
R i /0 T S et AT B CHL AN, O AOHERCR BE . il fik ] d 35 R AIK CH, A3 I v S HE i e B
HIHGIN N,O MGV FFHEBOREE (£ 4) |, JE R W] RETE T it ik F SR W B2 R /KA 7 1, (HAR B 8] 25 S 0T ANt
Z A CH, AT N, O A9 386 I I 3R HE R0 52 CH, A N, O HERCE: (5% i B8 K it fe 6F CHL, I3 6 41 ) A e
N, OHERL A2 VR , B S e 320 LB R v SR HE AR 3 b (R, i ARG 30, e A v i s Ak 5 A
X CH, Al N, O B34 35 v S AR A BRI AT REAE T2 (1) A0 it A A0 49 ok A 35 A5 280 RE (Si0,)
13.8% , 1M1 J& 5 it A PRSP 78S RN 8 BB 5 0 P 2500 (S0, ) 2 40 2 40.7% M 27.72% , HU& & 45 W A0 45
EFEYIIE; (2) A5 e RS | ki SR CH AR DT EXER TR AR N, O 3 i 2 A —2
X R A N, O 3 5 R B I HIVE T, X SAE YRR AR 1 N, O 38 i RIS RS

A 255 1 R v A AN HE R BE R R i Aok A7 30002 g 1 TR) 38 R 6 A B CHL, A N, O 2355 38R 1 4R HE ik
S EE AR EVE T (3% 4) (HBEREXT CH, A N, O 254 30 R S5 FHE e BE 52 i), S5 a0 ABF9E A BT AR TR, Aok
WF 58 T 0 — A S ERE AR RIS A % B St F B 25 % CH, AT N, O £33 T T S HE o B 7 A S TR i 5
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M (2 E A ), 22— 20 0 S A o e e 6 o o 1 NS, A B A 50t 2% A A1) 5 o R D 3l % 200 ) e
TEH.

4 it

TEARYT S ANTE I R Il i T 2 A A TR 0t o /K RS AR R 005 0 Bl 4 P, A A B S A TR B
Fea B AT 2 (A 1 =I0F A i O W& v S & 17120 2 1 it N 2 i 19 & 7 S
P A T A SO A A ) T X A R 1 T R R AR A

TEKARAE R R HEE 2807 4 R BEAYAR F CH, HERICE & HEF 2 : NW +Si0>CK+Si0>NW +Si1 >
CK+Sil, AHZ,4 Fh4bBRIE] N, O HRACHE & 22 5 R 2 AN, ACHE 3T T I N, O HEBOGR I (R, HAx W /K IR
WIRYHRBE AU, B T 0, WEITTHHECR A, CH, AU TTHRIZ T N, O, B2 [m) 3% it ol B i fe it CH, HEH, Mk
AR REAR CH R, Bk v A7 S 22 i A TR 4 IR CHL HEBC AR HEVE 5 5 CH S TRIAY 2, 55 00 IRAH L, Hofl
ARBEEIfEE N,O BUHEIL, M BRIGIR AN HER R B, BB B RS I CH, A1 N, O A STRREEAS A >
Rt 50% A7 5 SR b RIS IR AT 8 2 fe 0F CH, AT N, O B8 2585 1 I 105 3R HE GO 32, T ot Ak T g ARG
LA NI TR S RNHE A 1 B e ek T 0 i R T 00 R Xt 2 45 1 R P A M58 B A (R BEARE I
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