»
=5 5 F
Eco-Emvironmental
Enowledge Web

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV

HUANJING KEXUE
‘ BHFEiEEn HEHRREE
— ERE TR EF R EE 2 T40EE
fﬂ 2 BAXA e

mE A 4R R R 20225118

&
%‘_‘ i‘r

Vol.43 No.ll
T LY




w % B 37 #43 % H11 0

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2022 4611 A 15 H

H K
EIRFIMEERAIST 40 FEEE
P Y O A TR ARG TEAGHRAER - eveerreremremee e IR, HRs, s, ZEM, BAE(4801)
S LAY SR M 15 Y PR BT O A s EHa, Foem, TRR, BER, AFf, HBE, ZH, 2% (4810)
MK R B A4 B A e AT T BT IE IR oo ve e ERE,HEBW, T18(4822)
KA G AT T s M SZIS A HTBIJEL AT I +vvevee e ZHy MIE ) R E(4835)
B KA T AL IR A TR TEHE IR +vveeveeeere i Wb, BRAIE SRS, D4(4845)
TR T E R AR R R B B TR EE B TR E GBI v
........................................................................... EEW BTN, BAEE R, MRK, REX, Fhd, KB E(4858)
B R B S B AR G TR G v v v v oo e B, &Lk, ﬁﬁ;}ﬁm%g)
USRS G [ TOE ) (i Ik TH, Kk, Aok, T, 23, HRE, ER, 15 (4876)
o E T A ST TS R BRI veveeereeer e BR—, B, TR EITE, # A (4888)
AR R G B B BT A B v veevveee e WA, BAA, HED(4905)
2015 ~2020 4F 5 5 M X A B HERGE B AN FRARAE v eveveeree e & CEATE, EWAL, X5 (4914)
FUIE T R 540 BRI IS YA ERE o veeeeeeermee oo BE HE4924)
T8 T VM LR OB S YR - veeee e s, e, FAE, AR, RER, THI(4931)
ST - T sl p s i AR R 2 IR 25 A R IR SR AL -oooeeeeeeeeees B, AR, R, TH, TEA, T (4939)
TS VI T Y R I 25 K8 SR SRR AL v eemerme e B, BE, EO8, AEE, FEIE(4950)
T TV A LR T P B A A A B ARG B AL oo vvvvee e Bk RE W B TH(4961)
DRI A 23 T S TR BB KA R M2 BT e eevvveevemee oo B, AR, TEE, KA E(4971)
TR o A EOE R AR KPR AR Bk D AR YD BB oo vooeoveremeenmeenmnenenenens Wi, A, Pk, x| EH(4982)
%%?2%%@%%%@K%W%%ME%% ......................................................... BFX, B, BRI, KRR, E15(4992)
Bt
2019 SEFKBWFRIE 4 IR B TS YT BB A BB TRV IR AP o evvvveeremeesmmmns s PR BRr, AA, 4RSI (5000)
PRI 1% PM, LA M, K IR HETELES TURBERHIE R IULEL - eeevssemmeemeesss et
........................................................................... WG, AA thiE, BEE, KEE, BREH, ZWE, FHE HX(5009)
PRIX ABIX PM, TS BB 25 +ovvvves e B, BS, BAE, GHEE(5018)
I RUALAR BTESX HHE J AR TTAL o veeveeees e, LT, R, KEK, THRE(5030)
T RSOK I RGP HOBREGIABRITAG s Hugh, How, BRE, RF, KX, #H%(5040)
TRIL TSR 28 ] R SR R AR BN wovveooevneessenemmsceee bR, 8, HRR, $AR, BA, HTE(5053)
KIT 5 F R R A e 2K TR B A A T IRAEIE S BRI v eveveeeeeree e AEE, 2K, 7, T, TEF(5064)
TS SR K TR A JLAK TR «oeeeeveereerremremre X BRA, HiF, EN, THEE (5073)
HF KA SHEZ BRI ST KK SR AR BRI ZE oove e
....................................................................................... EEE FH AL BYF ERHK, FEK, KRBEE(5084)
FHL UK BE BRI REE AT RO GIREIR FRIER e REwve, KR, €55, FTHE, AFE, ZEF(509)
R I, A, 3%, HEE, EF, AEL, 2EH(5100)
e LIRS I AN SR LS PO Y 5k $he, AEE, AR, FET, PHk, 08%, FA(5115)
FELHIK TFAS + REERETT KT BRSO RL A RATREREB AT -ooveeveevesessess B, HRFE, BEE, HHE, KEE, KA (5123)
rf [ AR H—E AL BHE EOBHE  Meta 43HF  +ooeereeeeeeeeeeee e oz, 2, 288 SBEd, a8, BLH(s5131)
TALAI R 3 [ A e e B B R AN AL ZURHESN BB  Meta 4] ++eereeereesemsmmessenie s
................................................................................. AER, B KK, BE BER, TEA, REE, TEE(5140)
R R MRS HEXT AR M D RSE A 2R 338 CH, RN, OHERLII N - oevvervenenos WniE, A%, 5, BEE, F4HK, K H(5149)
Z:Iﬁ];k%%{t{;?il&*“ﬁﬁﬁﬁﬁ& ;}@%l&@ifgﬁﬁ{kﬁ*ﬁﬁ NO ;FHNZ O:Hfgﬁj(ﬁggjum ............................................................
.............................................................................. FEamA, HEA, BEN, Bk, ZHE, HAF, LEE, £5(5159)
TR KL R LR RIS s AEF, BTG, B, R, HXK, B, #HR(5169)
T EBK (8 000 1 GDM A0 (38 M (X B+ T 4 R I 25 4075 BOETEAR LA vvevvreemsmensesemmsieiesess s,
............................................................................................. SR, BB, R, BEW, FE, 4T, EEE(5180)
HF GIS 0 B AT K T A BTN - veveevreeeeeereeeneeeeseminesses e, Hdndn, W, 4% E, By, BE(5192)
ARSI 2B DCRPE LI G (IR oo T, BEW, TH, MEW, TEKA, ZKE(5205)
Tt A T A ¢ 14 0 45 B LRl Aty % - BV S A BB BT S BB «vvevveemmemmmmmmm
....................................................................................... EHk, BB BEW, RE X, AFE, £UE, THIK(5214)
LS AT IR R R KRR A BT RO D ARIREREROIIR oo R, MR, B0, FAE(524)
W BEREEAS EAE IR /N S8 K RN ERBIREIE <o WAL, X, BW, BT (5234)
TP I F MU RIS T SOBTE A SIS - AR, HEE, i, BB, BHE, 2, KET, HA(5244)
HT InVEST A1 GeoSoS-FLUS A5 BLAY s inf 5 DX e kit 2 A8 AAFAE B HERE AR R SERECAGILIL - oooeveeveeemeoremomseneieeeseeenee
................................................................................................ GEN GEE k# FER, £5H, B/ X(5253)
B4 B B R RSB RARE - WA, kiek, (%, BEG, B, HTF, TES, RiE, THE(5263)
+ I T RE N M) 2 REVETRAIR IR T+ vveereveeermmeesmmns s MAESE ) BfEE, Bk, RO, BHIE(5274)
BTSN )30 AR A B FE ) S BT 2R PRI < vvememeeeee e HBEE EHK, R, EHT(5286)
3 Aepad N R N B s A NS Rl AR B e A T W AR FHE, B, REE, DEW, KR, T2(529%)
o R T B R HE R S [ AL R ZS A7 «ooevvreeem e W E B4, N&EF, o/, HiE%(5305)
ff’?{iﬁ&}ﬂiﬂf@g“z +26"%ﬁﬁié*$@ﬁi}ﬂ?§ﬂ[%ﬁ@ C02 mlﬁ]@ﬁFﬁléﬂz’ﬁj ........................................................................
.......................................................................................... WAE, THE, KK, k44, EFH, EXR, K#H(5315)
T E SRT Y FTIEBUE TG HEIL «ooveeerverrrereriee s W, kA, LE, BTH, B, £I12(5326)

(FEERPEVIEIT I 90 (4821)  (RBERLE)VAERIINI (5213) {5 R.(5052, 5191, 5273)



)
a".l_;[lrﬁ I BB R = 55433 55113 20224F11H

Eco-Environmental
Knowledge Web Environmental Science Vol.43,No.11  Nov.,2022

R I HEAR % % #4854 O PS40 (4 R £ CHL,
N,OHE A B9 22 A

BRIGERE , Ko™, ddh ", MIEIE, Z2aFk, )k

(g K%M EY2 B, O 570228)

FE. MR ER T R S (CH, ) FIAR AL T (N0 ) HERCRT A 1Rt AR5 i A e 107, X6} b 7538 [ 30y i X CH, FIN,O
HERCRF 58 (A L ELAT T (08 T . AR 1 4 RO ACAL B . B4 AL (PK) . ZUBEHIE (NPK) | A4 T 50% A HLIE
BARALNE (NPK + M) #1 100% A HUIEEAR (M) |, AKAEFIAE 23R 5 i N AL BR , A 7% B ZEAS [t A 2544 CH, AN O By HERL
AL R AR AE K FKRE = i CH, FINOHERL I S5 S5 0. SR FH 25 P i 25 - SOME (0 3 00 e RS S 4 1 -3 CH, N0, [l
WEAEY =8, A 2Bk IR (CWP) AR = S AHEUHE B (GHGT) . 451380 . © BB MRFE S 4 FoE AL T +
S CH, 09 2R 20125 0.9 ~2.7 kg-hm 21 5.5 ~8. 4 kg-hm 2, 5 NPK ZbFEAH HE , BiHZE NPK + M R M AL BE CH, 27
HER 53 F98 70 35. 3% 1 7. 6% T2 NPK + M Al M A3 CH, SRFEHEBCRE IR 37. 5% M1 55. 1%, Hoh FLFEZE M Ab 38
R EIKOF. Q) BT R AR 4 RIS AL BN N,O /Y SREVHEI G 53518 0.5 ~ 3.0 kg-hm > F10.3 ~0.5 kg-hm=*" A x}
NPK Kb F BHZE NPK + M Fl M AbHEFRA 33. 7% Fil 16. 0% AIN,O BAVHERCE: o NPK M 4b3E K 3 i 52 5 ﬁ%&ié NPK
+ M ALBEN,O BRI HEBCE FAK 23. 5% , M AERHIEMLO. 1%, (HY AR H) B K F B 4 ﬁlﬂﬁﬁﬂemﬂﬁﬂi*ﬂ%ﬂﬁ%ﬁm?ﬂ;ﬁ il
43 055.6 ~37722. 5 kg-hm > FI5 850. 9 ~ 6 994. 4 kg-hm 7, 55 NPK AL HEAH L, NPK + M il M Mﬂﬂﬁi"ﬁufﬂimﬁ% Nt N
KEFE GWP 3 508. 0 ~ 1 864. 4 kg+hm = ,NPK + M Fil M 4 FRAH X NPK AE57 735 T 1 25.7% $u5 7% , H:H NPK # M MEL@ i
ET L fﬁiiﬂé%wﬁm GWP XJ i GWP E’Jir‘iﬂ“ﬁ 69. 2% ~78. 1% ,N,OX} 5 GWP B’Jfﬁﬁk’%ﬁ 77.3% ~85.3%. ﬁﬁﬁiéﬂlﬁr
FiZ GHGI ﬁjﬂujo 03 /~0.09 kg- kg'lfFHO 04 0. 2% kg kg ,5 NPK Mjﬁﬂth ﬁi*ﬂé M FI'NPK + M 4b3E{# GHGI 3. & T
W 74. 59% 0 54. 1% @'*a NPK +M A1 M 4k 2, G};ICI IE%%' TR 44. 0% F1 20: 8% Horh NBK o A BRIR B 2 5. 2 n’ﬁzl !
Y R §wﬁk@éﬁhﬁl%%ﬁ 1&HE%n7ﬁﬂﬂE@ﬂﬁﬁ(NPK+ M)TT’ETW@@’F&%?’WF&E‘ZT Rl AR Wk R R FEE@J?@HE#E

Jiti. :
J 4

SRR - [ R 5 éﬁéi TR ﬁm}ilﬁﬁ%ﬁﬂcﬂﬂ %‘%W’E o b X -

'#lﬁiq X16 XHRFRIRE: A XEHE. 0250- 3301(2022)11 5149 10 DOI: 10.13227/j. hjkx. 202112213

v _.-
- —— -

Effecl; 'bf Different Fertilization Treatments on Methane and Nitrous Oxide Emissions

from Rice-Vegetable Rotation in a Tropical Region, China

SHAO Xiao-hui, TANG Shui-rong* , MENG Lei “ , WU Yan-zheng, LI Jin-qiu, GOU Guang-lin
(College of Tropical Crops, Hainan University, Haikou 570228, China)

Abstract; The study of the effects of different fertilization treatments on soil methane (CH, ) and nitrous oxide (N,0) emissions in rice-vegetable rotation systems is of great
significance to supplement the research gap on greenhouse gas emissions in tropical regions of China. In this study, four fertilization treatments were set up during the pepper
season; phosphorus and potassium fertilizer application (PK); nitrogen, phosphorus, and potassium ( NPK) application; half application of nitrogen, phosphorus, and
potassium plus half application of organic fertilizer (NPK + M) ; and application of organic fertilizer (M). There was no fertilizer application during the following early rice
season. The objective of our study was to investigate the rules of CH, and N,0 emissions under different fertilization treatments in the pepper growth season, and the effects of
different fertilization treatments in the pepper growth season on rice yield, and CH, and N,0 emissions in the following early rice growth season. The close static chamber-gas
chromatography method was applied to determine soil CH, and N,0 emissions. We measured crop yield, estimated global warming potential (GWP), and calculated
greenhouse gas emission intensity (GHGI). Our results showed that; (D the cumulative CH, emission under the four fertilization treatments ranged between 0.9 kg+hm = 1o
2.7 kg+hm ™ during the pepper growth season and between 5.5 kg+hm > 1o 8.4 kg-hm ~* during the early rice growth season. Compared with NPK, NPK + M and M
reduced the cumulative CH, emission in the pepper growth season by 35.3% and 7. 6%, respectively; however, NPK + M and M increased the cumulative CH, emission in
the early rice season by 37. 5% and 55. 1%, respectively. There was a significant difference in cumulative CH, emission between M and NPK in the early rice growth season.
@ The cumulative N,0 emission under the four fertilization treatments varied from 0. 5 kg+hm = t0 3. 0 kg+hm =2 in the pepper growth season and from 0.3 kg-hm > 10 0. 5
kg+hm = in the early rice growth season. The cumulative N, emission was significantly decreased by 33. 7% in NPK +M and by 16. 0% in M, compared with that in NPK.
In the early rice growth season, the cumulative N,O emission was decreased by 23. 5% by NPK + M but was increased by 9. 1% by M. There was no significant difference in
the cumulative N,0 emission among the four fertilization treatments. (3) The yields of pepper and early rice under the four fertilization treatments were 3 035. 6-37722. 5
kghm ™% and 5 850.9-6 994. 4 kg+hm ~* respectively. Compared with that in NPK, NPK + M and M significantly increased pepper yield. The GWP under the four
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fentilization treatments in the pepper-early rice rotation system varied from S08. 0 kg+hm =2 to 1 864. 4 kg+hm ~2. Compared with NPK, NPK + M significantly decreased GWP
by 25.7% and M insignificantly decreased GWP by 5.7%. The pepper growth season with the four fertilization treatments contributed to 69.2%-78. 1% of the total GWP,
and N0 contributed to 77. 3%-85.3% of the total GWP. The GHGI ranged between 0.03 kg+kg ™" and 0.09 kg-kg ™" in the pepper growth season and between 0. 04
kg-kg ™" and 0.24 kg-kg ™" in the early rice growth season. Compared with that in NPK, both M and NPK + M significantly reduced the GHGI by 71. 5% and 54.7%,
respectively, in the pepper growth season. In the early rice season, NPK + M significantly decreased the GHGI by 44.0%, but M non-significantly decreased the GHGI by
20.8%. The peak in N,O emission in the tropical pepper-early rice rotation system appeared after fertilization, and N,0 emissions primarily occurred in the pepper growth
season. However, CH, emission was mainly concentrated in the early rice season. Considering the overall enhancing effects on crop yield and mitigation of greenhouse gas

emissions, the co-application of chemical and organic fertilizers (NPK + M) can be recommended as an optimal fertilization practice to mitigate greenhouse gas emissions and

maintain crop yield in pepper-rice rotation systems of Hainan, China.

Key words: C sequestration and mitigation; global warming potential ; substitution of chemical fertilizer with manure ; rice-vegetable rotation; tropical region
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Table 1  Basic properties of soil
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PK HI NPK +M ZbFH (P <0.05). B M 4 FEN,OHE
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(RINOFHER AR, 1 HoAth 3 4> Ah 3 % 4 3N O HE 8
L THRARK-

AL B ZE N0 SR FRHE R R/ NIT 4 NPK
>M>NPK +M >PK[ K 5(a) ], NPK, NPK + M A
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25 4b B OBR AR 2 7E i 7E 3055.6 ~ 37722.5
kg-hm > 2Z[8] ,NPK, NPK + M FlI M 4bHiAH b PK Ak
PG E AN 494. 1%, 1 134. 6% F11892.2% (£ 2).
NPK + M Al M &b BH4s NPK Ab #2381 109. 2%
1 68. 1% . F 8 25 45 4k B[R] 7= 8 /N7 247 : NPK
+M >M >NPK > PK, H:H NPK + M 4bHAH e PK Ak
FHZE S B NPK + M 1 M ZbFH%EE NPK AbFH =1
FHGh, HaR 3 W E 2 5.

| l‘lg 6 Chatnges in NH, -N and NO; N cqt_}nt}}sv‘in gef;per season and early rlce!saason under dﬁferqﬁ fertlhzatlon lreatments J '__.--""‘

SRR & AXBINO; -Nagﬁguﬁhﬁw

/\fﬂ@lf%ﬁﬁ(ﬁ%%tﬁ%w GWP m;@
508.0 ~1,864. 4 kg+hm (£ 2). NPK, M Fil NPK +

M AbFRAR R PK AR FE S HE N 267. 0% . 246. 2% Al

172. 8% ,NPK + M kb FRAH X} NPK &b B i 35 FRAIC. 3
WU TR 69.2% ~78. 1% ) GWP (& 1EW Z41)
NOTTHRK 77. 3% ~85. 3% [ GWP ($ 444y ) .

BB 40 B GHGL R/NI iy : NPK > PK >
M > NPK + M. AH [t PK Zb3, M Fl NPK + M 4b 3§
GHGI S &A% 49. 1% 1 68. 0% ,M F1 NPK + M &b
FHAH % NPK 4b P GHGI {H W % F % 71.5% A
54.7% . BRE R AL B GHGI K/NIF Jy: NPK > M
>NPK + M >PK. NPK, M Fil NPK + M 4ZbBEAH 1 PK
RE3R GHGI 43515410 484. 2% . 351. 1% H1227.0%,
KAEFE GHGI 3555 T PK AbFE. NPK + M AZbFHAH H
NPK AbPE GHGI {2 % TR 44. 0% (£ 2).

F2 AEABELERIENF=E, CH, fIN,O SR BRMBEESEHERCEEY

Table 2 Crop yields, global warming potential of CH, and N,0, and greenhouse gas emission intensity in different fertilization treatments

bt R GWP TR/ % L2 SRR (GHOI)
b3 /kgehm =2 (GWP) e =ik /kgekg ™!
*hm 72
Sl B R (T E) /keh Bl W NO CH, Bl e

508. 0 +68. 0c
1.864.4 £238.8a

PK 3055.6+£348.5d  5850.9 +571.8b
NPK 18031.7 +1406.4c 6080. 1 +561.8ab

NPK+M 37722.5+924.5a  6994.4 £70.9a
M 30317.5+625.5b  6569.2 £379.2ab

48.0+0.09b 52.0+0.09a 64.4 £6.8b
78.1+0.04a 22.9+0.04b 85.3£1.5a
1385.7+271.4b  69.2 £0.06a 31.8 £0.06b 77.3 +4.4a
1758.3 £170.6ab 70.1£0.07a 29.9£0.07b 79.2 +2.4a

36.6+6.8a 0.08+0.02a 0.04+0.01c
15.7+1.5b 0.09 £0.02a 0.24 +0.06a
23.7+4.4b 0.03+0.02b 0.14 £0.02b
21.8+2.4b 0.04 +0.01lb 0.19 +0.03ab

1) RIRING T8 R b B[] 22 53 . 2% (P < 0. 05)
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Table 3 Correlations of CH, and N,O fluxes with NH," -N, NO; -N, soil temperature below 5 ¢m soil surface, and pH

CH, N,O NH," -N NO; -N 5 em Tl pH
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N,0 1. 000 0.291* 0.368 ** -0. 140 —0.421*
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NO; -N 1. 000 0.114 0.245*
5 em Hi 1. 000 -0.114
pH 1. 000
1) * F* 432K TE P <0.01 A1 P <0.05 /K XU _FAHC P i 35
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