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mé &, FAEAKET S b E R BHERER PR
RIEFAAET KEIFREIE K, Geid AP 725 R KN
— PR IR, AT R IEE R, (HAEEA YR
SRS e A i RO o B QAR 2 AR A K S
FEFA R KX — ], FHBARTHIC LG 7 IX 2 b
K HERE T A 5 % T 4 R B, T
SESRAT IR 38 N RS R A AR 98 T i 22 AR H R
AR K HROTTH -

VIR U3 - ALK 8o SR F R Y A NE = PSS N a4
A PRGBS N IS Bl v 1) E A R 4y, i R
= SRR 1 sh & B RS AR E R
B, [HF7TatE ) IPCC (B [ UM 1 S48 1k
LIRS BHRHEEH, RVIER =S 54
BRARIEF AR SR AR 10%~12%, 753K
[, AP FIE = SR & 4 ER = AR
i) 15%, FAEK SRBEKTSHRZHR. Bk
B RO, LS AT B A o 02 - S R T
S AR P A S HEROE B . I
FP R, SR KEEBACEEA L, B KB AL EE
K] CO, HEMUEEIIN 14.78%, N,O HEHGE &1 N
20.81%, +3FNf CH, Wle R B 25 mr
FERIL, I, it F VA A e Ak AR Lk T
1% N,O Fl CH, HEli. [VIA 5 Y (HIA B 5006 T4t



P & BUDLEAK. FREPRKHERN A H R == AR A

FU TR — 251 T 3 HE SR AR T = S AR HE T8O THI I 22 5
PE LS HERURE s 8D, XS AR AT TE IR R UL EL A
X2 KBRS N A A8 R I AR I = AR HEBO T
AR o LA P (1) S ) 8 ] O e =5 N 45 77 3R
3, I WA F K VEERE N 3% CO,. N,O. CH,
He s B DA K 35 pH E L LB A /K R (WFPS)
NH;-N. NOs-N =AM, T EA K5 IR R K
VWX IR = SR HE R A ) 22 e R R, DAY
NFFAE K R K ) A B AR A R AR

1 AR Tk

1.1 g

PRI HCE RO R R 2 2R A e
Hi (35°08'N, 113°45'E, #F#k 81 m), Mg T+
B U R IR AT KR M XA X . SR LA

FEE HIAEHFE (0~20 cm) B KEIR &1 507 [m] 52
¥, HARRKT R 2 mm GHAE A . BT AR
Wi+, FEARFAMEFCN: pH BN 8.39, LA
JR &N 1.51 glem®, 4% 4B A HUR &2 5y 1.06.
1.87. 21.42 g/kg, HASR~ WA HBE. A%k
BN 2.18. 3.15. 4.07. 19.43 mg/kg.

AARI B4 K (RW) N B A 3 2 0%
JETS AR VRS K ACER T T K, FREER K (SW)
NS T RIBBO AR AR 1T HMBELM IR
REER BERE R 5 IRV (COD &4 (1 077444)
mg/L), HiR/K (UW) RN ER I ARNEREHT £ Rl
IK PRI A ARE IR G0 0 1R 2 R K, A8 A
B 0.22 pm JEMEHIE, HAFREEKIZ 15 1)
FL AR RS J £ P o A A R /K B LR 1.

&1 BR KR AR

Table 1 Properties of the studied water mg/L

Ak 2R REE NEEE pH (& SRR A= AL K* AREEE SRS cm™)
R K 2.20 0.80 8.26 1.04 0.90 74.90 2.90 0.06 1570
AR 15.80 0.78 8.29 7.23 6.68 27.10 10.70 0.08 1115
FRIEPEK (HREJE) 23.90 13.20 8.08 12.28 10.44 5.60 33.20 4.84 250

1.2 R

BRI A H AR} 2= BT e B 2 AolkaK
IREE T A RHE I SEEG 0 I 2, 2020 4F 10 H 20 H
FFf, 2020 412 H 14 HEEH, 3 56d. FREUAHY
F 200 g T Ll E A 3T 1000 mL B 7R, 14 A
HiR/K (UW) /4K (RW) [FRFAIR K (SW)
IR E KR R HAFKE (21%) 1) 60%, At
Bk E SR (N P,Os : K,O Jy15: 15115, N
RIRED, HAEARE N 1 g/kg T4, BCT1EIR (25 C)
BRI, AR E 3N ES. iTA AR
B RE 5 50 IR 2K, B SR E R ZAE 0~5d i
EFNEAE M, TSR RE RS SREE R
R, RAR I AR AR, e S BT
M G AE 3P R B OIF A N R R, SO AT
7 KRBT T CRENRIK ) CABRARHT IR 227K
R, [FHASFIEMER S . I 8 RITUHIE NS Edfr
JIE5 - 35 5] LA /N FL DB SR Jad, B 3 RAMK 1R (Fh
KRR REIE TR, RN A KR
TRFFLE H (AR 7K 2 1) 60% 7 45 o
1.3 MEMBESHE
131 BE ARG R E LN =

EEFEEIE 1. 4. 10, 14, 21, 28. 42. 56
RO ARG, BRI FERT Ay 08:00—11:00,
RAFEIT 5 5 TR A RN B =8 R T 2R
e R, —SIERESEM 4, — kiR 30 mL RBA
I S A . BRI A3 T 04 10, 20, 30

min 73 EREE SR 4 R, BAETVESEEN, Al E S
FEFTAN10mL BB RAEN, HAM O (S
2010plus) FEATME « WE Z&AFH: ECD il 4 fE
N 250 °C, (iR N 50 °C, BN E AR T
SIRIEA 40 mL/min RS TESFERAE R ] PR B IR .
SARHEBCE R 5 208

F=Vxdc/dsxp x(273/273+T)/W, (1

A FASKHEEBGESE (mg/ (gh)); V NEFR
B EARAR (LD do/dt Dy BN E) P RS IR N S
R R B AR (ppmih); p NSARTERRS T
EE (QIL); T NSRRI A FIERE (C) W
RNEFTFRE (@),
B 7 W0 R0 2 S SR R OE B0 i e P A
kAN, BB HGE R R RN
TF= 3 (Fiay+Fi)/2%(Tias-T)) %24, (2)

A TF NRE 7 B SR BAHEUS & (mglg)s Fiv
A VAR AR S AR Y HEBGE R (mg/ (g h));
Fi N E—CRESMRN P HEBCERE (mg/ (gh));
(Tisr-Ti) ARUCKRESAEE EURCRAE S AR [E] F
6] (d).

FH T 3 P A=A i =5 2508 1 DT kA 22 50K, O
CO,v CHg. NoOz Ml = SR COp Y AEFIK T
FATRGIE A (GWP). HIAT KT FT A] 51 & SR [A]
JRE _E BT R B CHyy NoO 4 BRI 1 #4433l & CO,
f¥) 28, 265 £, AERMEE A ER N
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GWP=TF(CO,)+TF(N,0)*265+TF(CH,)*28, (3)
HH: TF(COL) N CO, RiHHEBuE SR (mg/g); TF(N,O)
N N,O BitHEGEE (mglg); TF(CHL) N CHy 2it
HepudEE (mglg).

1.3.2 L3I A K E 8GN 2
R ESHER AR ERAE LR E S
KER, IS R B A KRR ISR AR, 1
HAN:
WFPS=VSWC/(1-BD/PD), (4)

1 VSWC N HIR RS KR (R E S /KE>BD) ;
BD At AR &, B 1.51 (g/em®); PD Jy+i%
#ZRE, HUH 2.65 (glem®).

1.3.3 13 NH,". NOz#= pH 18:M) &

BASES ARG AN ERY,
SR pH ER R R, 5 UAIR = SARHEK
YRR R B X LIRS, B RS
B/ T RIERORE R TEER R IR IR R 1A 4.
7. 14, 25, 42, 56 RFESUEZ GBS RN

TIEHCREI S, BT LR E T 4 CURR R A

FREX 2.50 g BT T AF AR 0 25 mL 405 (R =R B4 0.01
mol/L FALE W, B T IR 4% L LL 200 rimin Hif =
% 30 min, I8 S RSN AT OGN E SR NH,'
NO; & (AutoAnalyzer 3, Bran Luebbe, Germany) .
52 pH [ERAHALE OKEHN S DD E,
1.3.4 BIBEHAT ALK Ty ik

f8iH] Excel 2016 130 £ s #EAT Gt MR, Al
HI SAS AR A Rl b B HEAT T5 2203 T

2 BRSO

2.1 AEIELIE NH,-N. NOs-N EhZATE{k

AR A3 358 NH, =N Rl 2 55 77 15 8] A2 44
1 (@) Fin. BEEREFRIEIEG N, 3 Pk s b2
138 NH, N S35 R I Je 35 ko b s . KR
AT, LI R R PR AE KR NH, N, %54k
HNH, N BEI7ER IG5 7 KA B, NH, N (1)
KE R 7 P A R B (AT, HLRZRIEWT
KAR5E4, fEFREFE T G I 3T NH, N S8
Do TEIRF KRR BRI ZLR 2 4~7 d, 5 UW 4bEE
AL, RW. SW AP ES N T L3 NH, N &

(P<0.05) , H SW AbFHIGHETE K. US54 T /KAl

bl , FRBE P 7K FEBE S 1438 NH,"-N =3 02808 5B 2 .
{EFEERT FRAT [ K, AR AREE 145 NH,-N =11
ZESF B NEZR KR

BEERT TR AR K, A0 B 13 NOs-N & &
& Bz (B 1 (b)) o BAEIEN, UW 4
FE ) NO5 -N E KT RW AL FEFT SW AL . ERS 1L«
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SOEAR BT AR 55 7~25 d P, 5 UW AbFEA
tt, RW. SW BB EHIN 7 HI3EdH NOs-N =
(P<0.05) , H SW AbPENGHE R, FRE5H T 7KAH
b, FREEIR KN 38 NOs-N &= IR IR o
B, 7E%5 56 KIEIR4E RN gk B Hok.
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Fig.1 Changes of NH,"-N and NOz'N content in
soil during cultivation
2.2 13% WFPS STk
5% 2 1B AN [F] A 435 WEPS R4k $4 an & 2 fir
e BEANEEFRIN, BACFN) WFPS ¥TEHEK S A i
#K, BACTE RN 7.46%~41.95%. 1 7 KT T,
BKEN BRI o FRRAEAN K HTRR BT S S 35
KE, BT AR T 78 E A 2 57, WK
T A A B 35 5 KB A—FL
50 [ ghFE. e UW —+— RW sw
L

+IHEWFPS/%

5

0 7 1 2 = ® 2 49 5
KrFRm )/
B 2 331 £ 3 WFPS £ ALALE
Fig.2 Variation of soil WFPS during cultivation
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Pl 25 BUDLEAK. FRIERKIEBN AR T IR = AR R

I, BACFHERETRIGEE 25 RikF| R/ ME. B4
ORI T FH 7K A S, I VRE /R OB T DA R A
W25, (£% 25 RUJALIE pH [HEZE T
k%o BFRaiRny, FRIEERAKALEL T3 pH EIKT
MR KALEE, A K AR B v T R K AR R

10 - AbEE: mUW mRW #=SW
bba

aaa
ab2 paa jaa bai -

+IEpHIE
o N E (o2} (o]

4 7 14 25 42 56
B IR 1A)/d

B 3 35k 400 L3 pH AT L asE
Fig.3 Variation of soil pH during cultivation

24 AEETERESHFHIRBETHNE
241 TRRIA L3 CO, Hin il = X AHLHE

R MR &AL HE 3 CO, HEua = W 4 Fs.
B 4~10 RN, JREFEKAE. b SO B AT
P 7 IR IREE . REACAN R . SR A AT TR T
FE 3 ANALFI CO, HEUIE B K I [A] Py MR 2 3G
RW. SW ALb3 ] CO, iU B AE 55 77 f5 25 10 Rk 2
W . 13 pH {H7E 7.5~8.0 JERI WIS, AEALAHTE 1
W5 3% pH EAEEIEMA R, [, pH
T e T B R T PR PR 5 10~21 Koy -3
pH B BRAREEM 1A S A (R M AT 3 05 Ak
i CO, HFuHE B J /D B 57 J5 W 358 pH (EZ 8 T =,
AH R AE VIS e 2 Ty, CO, HFUE = . 5
UW Kb3FHEL, RW. SW ALEE R 1N CO, B HE
OB, E 55N 14.6%. 16.9%, RW 4bHLE SW
A B 2 [AAFAE 2 AR RIR B B35 KF (R 2) o« /M
LR KAH G, FREA K REREXT CO, HFB0HE & 1 in
RO FE NI

4

AP oUW —a—RW SwW

w

A

7 14 21 28 35 42 49 56
BRI A Ad
B 4 32500 £ CO, HEail & T A
Fig.4 Changes of soil CO, emission flux during cultivation

242 RREAH K N,O #2082 T

B 7 1) 25 A BE 445 NLO HESGHE & 40K 5 .
5 4~10 K, NH, =N 7 -3 o R SAR I s i
s A NI EEAT (645 2 AL B N0 FFBGE & 2
FEIGIN. WAL ON A REAT {45 I pH B FEG, BE—

N

[

CO,HEJ i &:/(mg kgt hl)

o

o

R RIEZ, FEEE 10~14 KA N,O
HioE B . [F3, 5 14~28 K, 3% pH EHTH
AT A AR, 3 T8 N.O HEBGE
BN, 25 3% pH E4keE T, RS, pH
T+ 2 A3 A S L) 2 P2 NoO 3 64
NG, T S B NLO HEGE B/ . 5 UW AbBE
FHEL, RW. SW A3 N,O RARHROE & %58,
MRS N 11.9%. 10.8%, RW Ab¥iE SW AbBEZ
MERAPE (R2) . RPFHHTFAMLE, FEK
VXS NLO HEAGHE 5 138 I s R B A B & o

80 _AbF: e UW —s— RW S

g~

o 45 |

X =
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Fig. 5 Changes of soil N,O emission flux during cultivation

2.4.3 T R4 1R CHy 28 2 T AL
BE IR W) % AL B 3 CH, HEUE &= Al 6 B

5 4~10 RPNy, THEPRAERE NH-N, 1fi NH 5
CH, 7E e B B IS PEAL AP AE T P RN, R LI
(] Bt N CH, FF G B39 0 . 2 J5 BEAE R AL SO RE R AT
T Heh NH, k>, B AR3E pH (S E G, 2
T H GRS I P, (7S CH,
AodE s> . 5 21 R, 3 pH EZHTTHE,
72 FR 5 3 P TR SR, (1 CH, O g
MAESE R 51, P FH A s BR 1 1 7 Y e T 1)
WETE. BEARFRIAN UW ALERI) CH, HFB0E &35/
T RW. SW 43, 5 uw 4EEFHEE, RW. SW AbER
REWIN T CH, BAHEBCE SR, IR 717 10.8%.
13.9%, RW &b 3 5 SW Ab#E 2 (7] 22 A AN R . (3R 2D
R EH N ACHEE, FRIATR KBRS CH, HFSGE B
ISR E N .

05

,\ fghzE, —e—UW —a—RW Sw
F o4t

2

203} _

Uﬂﬂ 1

® o2k /AT /. "

4%( \/ - E ]
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B FRI 1) /d
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Fig. 6 Changes of soil CH,emission flux during cultivation
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% 2 CO, N)O. CH, Bt HEsGE = o o 3O3R H 4
Table 2 Cumulative emission flux of CO,, N,O, CH, and global warming potential

oseil CO, 2Rl E/(mg g™) N,O ZEFLEE/(mg g™ CH, 2R 5 /(mg g™) SERIGIR S/ (mg g7
uw 2 495.57#+103.61c 23.5147.33b 1.6640.21 b 8772.21+17341b
RW 2859.714211.44 b 26.3248.64 a 1.843031a 9 886.03+202.18 a
SW 2917.534#63.90 a 26.0448.87 a 1.89#0.28 a 9871.05+165.11 a

A F AR BRI R 2 53 B2 (P<0.05),
2.5 RESHHMBE S HIRIMEEFRIME XM
RIRI &M T, L3 CO,v N,Ov CH, HEUE &
5135 pH fE . NH,-N. NO3-N Z [B] I AH M ar 3k 3
Frse HURKEEBE T CO, HFGH & 5 13% pH {E2 [H]
AERE FMHX KR (P<0.0D) o FAKER T CO,
ffoE E S L NOs-N EAF7E R FH IEAHK KR
(P<0.05) , N,O 5 CH,HERuE &5 5 138 pH {2
[AJA7AE R 2 DU R R R o IR TR ZKREE T N0 5 CH,.
CO, Al & LI B35 IEAH R R 3 FlKIUEERE
T NO Hiil &5 CH, FFGH & 2 [A] R I B35
IEMRKFR (P<0.05)
(3 BEAAHZEEE LEIEE T Z MK
Table 3 Correlation between greenhouse gas emission
fluxes and soil environmental factors

A i3 U
e . CO; N2O CH,
CO; 1
N2O -0.046 1
CHa 0.226 0.760* 1
X pH 0.816** -0.432 -0.100
NH;"-N -0.141 -0.260 0.278
NOz-N -0.208 0.205 0.134
CO; 1
N>O 0.411 1
CHa 0.257 0.693* 1
R pH 0.043 -0.597* -0.806**
NH;"-N 0.454 0.248 0.042
NOs™-N 0.332* 0.193 0.216
CO; 1
N2O 0.688* 1
; CHa 0.665* 0.858* 1
HEBK pH 0.207 -0.509 -0.493
NH,"-N 0.209 0.297 0.035
NOs-N 0.050 0.282 0.073
Ve SRORTE P<0.05 K L REMK: SHIRAE P<O.0L AT LRBEMK.
3% i

3.1 BHUREIKIFEERX CO, HERURE /IR
AR AE 2 8 CO, AR AR,
HUR P, pH P, F508 . Bk yscE S5 im iR
SEE) SR PR A P S LA ORI o MR THHEIGE Bk
A, AWK, SN KA, HAK FRERKE
BeJm CO, ZHHFBOEEA i, 5 A#T e R —
S, ST 5 DR AT A Ay A K HETEE FT DA i 39 i
PR RIS ), SR R K R A 3 e e
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R, R A KRN SR B R K RE RS 1 0 T -5
NH, N (5, AT fe S fE s bR SRS A0 S N IR R AT
HET 5 IR A SR, 2 CO, HEE I N .
AT R R N S R KA LG, AR K
T 45 pH AR B pH (R T e AR, B i 3 5 200,
It AR A 7K RE T CO HEBER B (2 HEAE F - ARW
SW Kb HE 1) CO, HEBUE AR LKA , 25 10~21 K,
RW 4bHEf) CO, HECE =1 T SW ALEE, IR ] RES
+3% WFPS (7} 5=,
3.2 WA REIKIFEERST N,O BB 2 /I

PREZ PR KA S 2 NH, N 78 Hih KRR R,
(et IR AR BT, RSB 2E 1) NOg =N
BB A R MR NLO, RAL . S AL IR
RE¥I 45 NRORT ACRIG R BN, 554 R K EBEAE EE
A KRR K EEAE. N,O HEISOT T3 R I H 2
PEVEF, 5 Shang 2P L) & Chi 2P mF 7t 45 55
HANEE RS LR R E A G, FAK, 7R
B R K REWE R 530 T 4% NH,-N. NOg-N i,
2 UM T e T, P A K T B A T 1
FTRARN=E B, AT et 3 rh R, AN AL
SRAEAAE FH PR ETE 2 ) MR % v Jod & 9K B 1)
NOz-N £x 540 3386 N,O IEJ5 ) N, 8968 1, AT
> N0 I JFER, Fm, HATK. FREEKTE S
RERE S, TTRE R HSMI N 202 N0 HEi .,
o AR R AT B R TR AR K L SRR K EEE Y iR T
H OWFPS, AHFF 3% WFPS (1948 1k Y Bl v
7.46%~41.95%, TEILIE A IR TH AR, A
TR S AT, B WFPS (R A Ak s B 3
1508, H 3% WFPS 5 N,O HEjsili & 2 [ fE 1 1F
MR RPY, TR N,O HER. 5 =E R AT g
SR IR I AR K . FRIE R K EERE = T 4% pH
B, BEIEA0 A5 b 43 pH {E I E N 7.5~8.0, It
YO A A A B 0 B 3E pH B R, 7 B R P A AL
RN S 3 pH A8 f T T AR, M
AT 21 NLO L 1597 Jm W0 3% pH 88 5 £33 B
a3 pH (B RITH i, SEHT RN NLO HERE,
BB FRE AR K FREE R KIS NoO HEUTIR
PERCRA I & (H A BF T B A SR8 R K HE I %)
N,O HEBUIC 35 52, 43 A7 Ji DR Ry 7 8 P /K HE VB F 1=
% EC. AHFEREARETEZ, X5 NO P24
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A RTAEYD S PR AN B 2 o AS[FIBIE TS 45 A
[7], WIe S5 AN FFRAE LK A AR A E A DA K+
HERAUARIG <. M RW ALHEAT SW AL N,O HE
TR, 5577 AT 14 RN SW ALHE I HETBCR: 5 &,
b JE RW ALBEHESCETE 5, W REZ RUONERFRAT 14 R
N SW LB pHAETE &, HAL BIRZE TSR, B S
AR pH EZ BRI/, T RW ALEE WFPS & SW
A, SEHE RW AL N,O HEBE H .
3.3 WA RIKIRERST CH, HEBRZE R0

ARG FRRGE P A AL B CH, HEHGE B3 w1,
A B R R A RS T B 1) & /K 28I, AR BT A%
ST 1) DR AR A, T 7 R A 3 PR AR R P e T,
LK BB E P IR SR . SR AKAHEL, FAEKE
FRYE R K EBE 25 18 CH, BT HEBCRE . b R IR —
A RE N, SR KMIEL, FEAE KRN IR BE IR K REE
N8 pH ETFE, 1 pH BT SR G 1)
A KB T -3 CH, HE. S, 5
HORKAHLL, HBAEKSFREEKTERRZN
NH, =N, B 52430 7 B3k NH, N &, {2t
AL S REHEAT , HRER BRI, FEURMLIEEN
R AL, ATRESE— M CH, HEREY. M
RW AbHEAT SW ALEE ) CH, HERUIE KRG, 2 7~14
K> SW AbHE I HERBCR B R, 7T REAE R S IR R0 Sw
AEEER) NH, -N B35, 1 NH, 5 CH, B AL
TG, T R A AR N A 0,
MG CH, HER . BB T I HERE, SW ALEERT RW
ARFEIF NH, -N 20 2 FEIZ 8 467N, H SW ALEE () CO,
ol s s, LIRS CO, Bk, T
RS CH, HEseE A<M, S80E 21~42
KN SW A EE FHEE LT RW b,
3.4 BRI REIKIFERREW A0

AARI T, FFAR K FRBE IR 7K 235 39 N COL N0
CH, HEfGR, W5 F/KEBARLL, FRAK. FREAE
IKIEBE S E N GWP., FRFAIE/KEHE CO,. CHy HE
RSO T R, AR KR RE N,O HETBUH) R B8 B
2, HT NO REMMHE, WM GWP KE, FE
ZIO IR 2 O (R MY R B B R, (R AR K S R R
IKZ VA2 AN B2 o AR AT 78 45 SR vl 4, K5 AR K
FRIA K T A FE BRI A 36 IR = RS AT e o 4
JE ATy 53— P ER T H N AL SRR, 2RI
N T RE RS 0 ORI B B s . ARES R =
PN 15 FR AT 5] /K U5 T ot 1 33 R = SR HE R )
s, 5 SEBR K HE SR BORZER . 78 LU TR
23 38 HH [ 56 4k PR 1) A R] 7K U5 HE W ) - 38R =
SARHE R o AR BRI A8 AR RE S TR B K
REBRE 2 SHHE R K 5 HEK GWP 23 A
BRI 2 — . HARERI R R K TR R oK 77

SR 7K S K= FRFA IR K S A R T R 2 5 7708 R K E
ZE5t, AR E SR HTR R A FE A
AP ST I FH A 83 () /KA T RER , A2 P /K Hp [ AH
oy P E N TR, PTRES KA GWP, TR 4E
W 9¢ f 2 itk — B A T AR KR [RI 4143 X6 3R =
SARHER I FEA o

4 45 i

1) AR5 IR K B 84 0 3% NH,™-N
A NOs-N &, HIRFHRAKHER N R E Y&

2) FHAEIK G FRIE IR K HE B i 2 (L ik 13 CO,.
NoO. CH, HFil, — IR EZER, HEEK
NoO HERRI e 2 ROR B 2, FRIE IR 7K X CO, Al CH,
HERC e i ORI

3) FBAKE TR K HEBRA) B35 1 GWP, {H
PEL VISP RTE =

SE MK

[1]  #IAEs, RoCH. P ERME AR UK B IR PUIR 5 R R S [J].
o E LRERLEE, 2018, 20(5): 69-76
HU Yagi, WU Wenyong. Review and development strategy of irrigation
with unconventional water resources in China[J]. Strategic Study of
CAE, 2018, 20(5): 69-76.

[2] R NRILRIE KRS, 2017 4 EKF KRS AHR(R]. 2017
Ministry of Water Resources of the People’s Republic of China. 2017
National Water Resources Development Statistical Bulletin[R]. 2017.

[81 2=t X, VL, 55 BUSUIEILTRIE R KRN AE 7RO 35 4

REJTRIRZMA]. ARMVIRBERL 24244, 2021, 40(6): 1 244-1 255.
LI Baogui, LIU Yuan, TAO Zhen, et al. Effects of irrigation using
antecedent reclaimed water and livestock wastewater on the cadmium
adsorption capacity of soils[J]. Journal of Agro-Environment Science,
2021, 40(6): 1 244-1 255.

[4] X%, B3, 2B, &5 AL KR IR GE K REE T 351 R
iR M E G RITHRED]. EREHK AR, 2018, 37(2): 45-51
LIU Yuan, CUI Erping, LI Zhongyang, et al. Differences of nutrient and
heavy metals migration in soil-plant system irrigated by reclaimed
water and livestock wastewater[J]. Journal of Irrigation and Drainage,
2018, 37(2): 45-51.

[6] HOUGHTON J. Climate change 2013 - the physical science basis:
Working group | contribution to the fifth assessment report of the
intergovernmental panel on climate change[M]. Cambridge: Cambridge
University Press, 2014,

[6] WANG J, HUANG J, ROZELLE S. Climate Change and China’s
Agricultural Sector[R]. International Centre for Trade and Sustainable
Development, 2010.

[71  RFEUK, (TR, Mg, & FADKAC AR ZUER &N -5
FAHORARE ] P E R K 2], 2017, 22(1): 94-101.
CHI Yanbing, REN Shumei, YANG Peiling, et al. Effects of reclaimed
water irrigation with different nitrogen fertilizers on gas emission in
winter wheat field[J]. Journal of China Agricultural University, 2017,
22(1): 94-101.

[8] Wik, B, REIE. WAL & & %56 TR TS YL Rr A B g m R 3%
T[], TG, 2012, 40(23): 107-111, 161
YANG Yuanyuan, LUO Bin, WU Yanjuan. The analysis of area-source
pollution characteristics and influencing factors for scale livestock and

129



FEBLHEZK 23] http://www.ggpsxb.com

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

130

poultry farming[J]. Guangzhou Chemical Industry, 2012, 40(23):
107-111, 161.

. FERE O P AN AR R A O L R
YIS [D]. dbnt: T EHRLEEE, 2016.

WANG Guangshuai. Effects of irrigation patterns on greenhouse gas
emission and soil microbial community of winter wheat field in north
China plain[D]. Beijing: Chinese Academy of Agricultural Sciences,
2016.

MRoKAR, $27K4r, SR, 5. 00 o LR = [ HERU R
M[J]. WA MROK 25441, 2013, 30(1): 32-37.

CHEN Yonggen, PENG Yonghong, SONG Zheyue, et al. Biogas slurry
application with greenhouse gas emissions in agricultural soils[J].
Journal of Zhejiang A & F University, 2013, 30(1): 32-37.

RENE, LG, FROTHE, S FERGAEFT A p0 BALRE A/ &
N2O 1 NHz HEBRIRZmI[]. PEAbRMBHER 2 40 (B A RARR),
2019, 47(11): 60-66, 76.

WU Yujie, SUN Yajiao, GUO Xinye, et al. Impact of wheat straw and
tobacco straw biochar on nitrification of nitrogenous fertilizer and
emission of N,O and NHj;[J]. Journal of Northwest A & F University
(Natural Science Edition), 2019, 47(11): 60-66, 76.

JFE, Bk, TEEIR, 55 R Z IS RN A I X KA &
TS BRI LI AROLEN S, 2013, 41(12): 52-54.

ZHOU Xinwei, QIU Yexian, SHEN Mingxing, et al. Effects of tea
polyphenols and urea on rice yield and soil nitrogen content[J]. Jiangsu
Agricultural Sciences, 2013, 41(12): 52-54.

T/, LD Bailey, C AGrallt, . & L0 L8kl 0l 77 1) 16 FH
ZAE]. MYE IR S IEEEIR, 1998, 4(3): 211-218.

WANG Xiaobin, L D Bailey, C A Grallt, et al. The acting conditions of
some urease inhibitors in soils[J]. Journal of Plant Nutrition and
Fertilizers, 1998, 4(3): 211-218.

PHIRAE, BN, RHEEE, S RIS IR IOK | ORERER R E A
HETB B F G 1l = RSB [0 R PR 4 54k, 2015, 20(4):
66-74.

HUANG Jianxiong, SUI Peng, GAO Wangsheng, et al. Effect of
maize-soybean intercropping on greenhouse gas emission and the
assessment of net greenhouse gas balance in North China Plain[J].
Journal of China Agricultural University, 2015, 20(4): 66-74.

LIU Y C, WHITMAN W B. Metabolic, phylogenetic, and ecological
diversity of the methanogenic Archaea[J]. Annals of the New York
Academy of Sciences, 2008, 1125: 171-189.

GOODROAD L L, KEENEY D R. Nitrous oxide production in aerobic
soils under varying pH, temperature and water content[J]. Soil Biology
and Biochemistry, 1984, 16(1): 39-43.

WEI Meng, MA Lan, HU Yuehang, et al. Comparison of methane
production and archaeal community of two rice paddy soils with
different pH under high temperature[J]. Chinese Journal of Ecology,
2015, 34(6): 1 667-1 674.

HOCH, FREUE, R, S S 1% pH A4 CINOs X i
W=t s3], RS IR S ARRL AR, 2017, 23(5): 1 249-1 257.
CAO Wenchao, GUO lJingheng, SONG He, et al. Effects of pH and
initial labile C/NO;™ ratio on denitrification in a solar greenhouse
vegetable soil[J]. Journal of Plant Nutrition and Fertilizer, 2017, 23(5):
1249-1 257.

ZHANG A F, CUI L Q, PAN G X, et al. Effect of biochar amendment
on yield and methane and nitrous oxide emissions from a rice paddy
from Tai Lake plain, China[J]. Agriculture, Ecosystems & Environment,
2010, 139(4): 469-475.

SEPRT, ETHR, REKOK, 55 AFEAYURE T CO ALk
A R 2 R[], AR KA 2E4], 2016, 47(3): 31-37.

GONG Zhenping, WANG Xuesong, SONG Qiulai, et al. Study on
seasonal variation of soil carbon dioxide emissions under different

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

contents of soil organic matter[J]. Journal of Northeast Agricultural
University, 2016, 47(3): 31-37.

NI, ZErheg. JbU7 BHR R BRSO A R D). 1L
TR, 2020(2): 52-56.

SUN Lihui, LI Zhonggiang. Progresses in the research on major
greenhouse gas emissions in the northern dry farmland[J]. Liaoning
Agricultural Sciences, 2020(2): 52-56.

SEN, BURER, FE%E, 5. 5l = 5 SR A TR i
WAR[]. EA%4R, 2003, 23(8): 1 673-1 678.

Y1 Zhigang, YI Weimin, ZHOU Guoyi, et al. Soil carbon effluxes of
three major vegetation types in Dinghushan Biosphere Reserve[J]. Acta
Ecologica Sinica, 2003, 23(8): 1 673-1 678.

RS, B, 5, S EAKRER e R A LR M
MR FE[]. AW ETR 244K, 2010, 29(2): 319-323.

JIAO Zhihua, HUANG Zhanbin, LI Yong, et al. The effect of reclaimed
water irrigation on soil performance and the microorganism[J]. Journal
of Agro-Environment Science, 2010, 29(2): 319-323.

T, XINEE, PO FRAETS AKX B S g o AN B S
RN, KL ORERSAR, 2011, 25(1): 87-91.

ZHANG Mingkui, LIU Lijun, HUANG Chao. Effects of long-term
irrigation of livestock farm wastewater on soil quality and vegetable
quality in vegatable soils[J]. Journal of Soil and Water Conservation,
2011, 25(1): 87-91.

R, SRR, Risil, 45 AEYRALLIESE H LB LT AD NLO.
CO, HEBUIsEIA]. AL IR Rl 224k, 2013, 32(9): 1 893-1 900.

HE Feifei, RONG Xiangmin, LIANG Yunshan, et al. Effects of biochar
on soil physichemical properties and N,O, CO; emissions from
vegetable-planting red soil[J]. Journal of Agro-Environment Science,
2013, 32(9): 1 893-1 900.

flews, SKORA, ZEE, & EKEXAPNERHLTE NO 5 CO,
HE s ma[]. EBHEK 27448, 2020, 39(9): 41-50.

XIONG Hao, ZHANG Baocheng, LI Jianzhu, et al. Effects of irrigation
amount on emission of N,O and CO, from winter wheat field[J].
Journal of Irrigation and Drainage, 2020, 39(9): 41-50.

BRIEVL, TYENT, TSI 3% NoO A NO =AML R R[] L3%,
2012, 44(5): 712-718.

CAl Yanjiang, DING Weixin, XIANG Jian. Mechanisms of nitrous
oxide and nitric oxide production in soils: A review[J]. Soils, 2012,
44(5): 712-718.

SHANG F Z, REN S M, YANG P L, et al. Effects of different irrigation
water types, N fertilizer types, and soil moisture contents on N,O
emissions and N fertilizer transformations in soils[J]. Water, Air, & Soil
Pollution, 2016, 227(7): 1-18.

CHI Y B, YANG P L, REN S M, et al. Finding the optimal fertilizer
type and rate to balance yield and soil GHG emissions under
reclaimed water irrigation[J]. Science of the Total Environment, 2020,
729: 138 954.

AT FRAE KR B I SR AL BB B A BT A [D]. P
VG 22 TR, 2018.

LI Ping. Study on soil nitrogen cycle and habitat effect of reclaimed
water irrigation under the protected environment[D]. Xi’an: Xi’an
University of Technology, 2018.

WU D M, DONG W X, OENEMA O, et al. N,O consumption by
low-nitrogen soil and its regulation by water and oxygen[J]. Soil
Biology and Biochemistry, 2013, 60: 165-172.

XSy, DI, ERE, & AR ORGSR R
N0 HERURISEMA[I]. #EBEHEK 4R, 2020, 39(7): 60-67.

LIU Shutong, MA Zhongming, WANG Zhiqi, et al. Effects of nitrogen
application and soil hydrothermal conditions on N,O emission from
farmland during fallow season[J]. Journal of Irrigation and Drainage,
2020, 39(7): 60-67.



Pl 25 BUDLEAK. FRIERKIEBN AR T IR = AR R

[33] T3, WRflsr, 2=, LHEEEE. KA NH -N IR L1t R[I]. o EFRBIRIAE, 2017, 37(9): 3 506-3 514.
SBCEIE K N,O HE sz m[3]. A B AR AL 3#4R, 2010, 18(1): ZHAI Jun, MA Hongpu, CHEN Zhongli, et al. Review on the
1-6. importance and mechanisms of anaerobic oxidation of methane in
WANG Gailing, CHEN Deli, LI Yong. Effect of soil temperature, wetlands[J]. China Environmental Science, 2017, 37(9): 3 506-3 514.
moisture and NH;-N  concentration on nitrification and [38] ZEWiiE. B L2 aEER X CHy BERERIE X FL M MpLEIiF 52
nitrification-induced  N,O  emission[J].  Chinese Journal of [D]. M ZHI3CHE AR, 2020.
Eco-Agriculture, 2010, 18(1): 1-6. LI Xinxing. Emissions of CH4 and its microbial mechanism in the
[34] WREZE, £, k%R, & FARKGAENLHE L N0 HK permafrost regions of the upper Heihe River Basin[D]. Lanzhou:
Jsemi[d]. FEEHEK 24K, 2020, 39(9): 32-40. Lanzhou Jiatong University, 2020.
CHEN Jinsai, WANG Guangshuai, ZHANG Yingying, et al. The effects [39] XIZriT, #R%, SKENHE, . A HL-THLIEA R ECHE LB #E 3 CH,
of soybean-maize intercropping on N,O emission from soil [J]. Journal HINLO HETBI R[], AR EREE 4R, 2016, 25(5): 808-814.
of Irrigation and Drainage, 2020, 39(9): 32-40. LIU Hongjiang, GUO Zhi, ZHANG Liping, et al. Effects of different
[35] YANAIY, TOYOTA K, OKAZAKI M. Effects of charcoal addition on combined application ratio of organic-inorganic fertilization on CH, and
N,O emissions from soil resulting from rewetting air-dried soil in N.O emissions in paddy season[J]. Ecology and Environmental
short-term laboratory experiments[J]. Soil Science and Plant Nutrition, Sciences, 2016, 25(5): 808-814.
2007, 53(2): 181-188. [40] JAY, GULLEDGE, ALLEN, et al. Different NH,*-inhibition patterns of
[36] GONZALEZROSAS A, MIRANDAGOMEZ J. M, LOPEZVALDEZ F, soil CH4 consumption: A result of distinct CH4-oxidizer populations
et al. Greenhouse gas emissions from soil receiving wastewater, sludge across sites[J]. Soil Biology & Biochemistry, 1997, 29(1):13-21.
or cow manure for biomass cultivation[C]//Biotechnology Summit, [41]] MARTENS D A. Plant residue biochemistry regulates soil carbon
Méida, Yucatén, Mexico, March, 2012. cycling and carbon sequestration[J]. Soil Biology and Biochemistry,
[37] #f%, D, BREAL, 55 WHh b PR E T AL 2R 2000, 32(3): 361-369.

Greenhouse Gas Emissions from Soils are Affected by Irrigation Water Sources

TAO Zhen', LI Zhongyang 2, LI Songjing", LI Baogui®, LI Siyi', GAO Feng', LIU Yuan'
(1.Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2. National Research and Observation Station of Shanggiu Agro-ecology System, Shanggiu 476000, China)

Abstract: [Objective] Reducing greenhouse gas (GHG) emissions from soils play an important role in controlling
the temperature rise not exceeding 1.5 ‘C by the end of the century. GHG emission is complicated, affected by
various physical and biogeochemical processes. In this paper, we studied the impact of irrigation water sources on
emissions of CO,, N,O, and CH,; from soils. [Method] Incubation experiment was conducted indoors in
microcosms. The microcosms were irrigated using reclaimed wastewater, livestock wastewater respectively, with
irrigation with fresh groundwater taken as the control. During the experiment, we measured, concurrently, the
emissions of CO,, N,O and CHy, the changes in soil pH, water-filled porosity (WFPS), NH,"-N and NOs-N, as well
as other edaphic factors. [Result] Reclaimed water and livestock wastewater irrigations both significantly
increased the emission of CO,, N,O and CH,, compared to irrigation with groundwater (P<0.05). In particular, it was
found that reclaimed water irrigation increased N,O emission most, while livestock wastewater irrigation respired
more CO, and CH4; compared to other treatments. In terms of global warming potential (GWP), there was no
significant difference in GWP between the reclaimed water irrigation and the livestock wastewater irrigation;
however, compared to groundwater irrigation, they both significantly increased GWP (P<0.05). Compared to the
control, the livestock wastewater irrigation reduced soil pH, while the reclaimed water irrigation increased soil pH,
both at significant levels. Nitrogen in soil irrigated with groundwater was lower than that irrigated by the reclaimed
and livestock wastewaters. [ Conclusion] In terms of GWP and change in soil properties, reclaimed wastewater and
livestock wastewater irrigation increased GHG emissions and enhanced mineral nitrogen in soil.

Key words: irrigation; reclaimed water; livestock wastewater; greenhouse gas emission; soil nitrogen
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