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SR RS BAR -SOM 3575 %) CO, N, O SBEIEAT 1 8 AE AR TR 2 SO0 IN | AR 50 FH A= g ¢ S50 A8 RS HEHE i o 1 52
Wi, RIS 4 NMEPE CK(FTIR) CL(RE AW S 4.5 t hm™ a™')  C2( @ EAY 5 9.0t hm™ a™' ) Fl SR (FEFTIE M straw
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Effects of biochar and straw return on CO,and N,O emissions from farmland in

the North China Plain
LIU Xingren, ZHANG Xing, ZHANG:Qingwen, LI Guichun * , ZHANG Qingzhong

Key Laboratory of Agricultural Environment ; Ministry of Agriculture P.R. China, Institute of Environment and Sustainable Development in Agriculture, Chinese

Academy of Agricultural Sciences, Beijing 100081, China

Abstract: A 6-year biochar and straw return experiment with a winter wheat-summer maize rotation system in the North
China Plain investigated ' the effects of biochar and straw return on CO, and N, O fluxes using the static chamber/gas
chromatography method. The experiment consisted of four treatments with three replicates. The treatments were CK
(control) , Gl (biochar 4.5 thm™a™"), C2 (biochar 9.0 t hm™a™"), and SR (straw return) . The results showed that the
CO,.and N, O fluxes trends were generally the same throughout the whole rotation period. After applying the biochar, the
CO, fluxes increased 0.3%—90.3% (C1), 1.0%—334.2% (C2), and 0.4%—156.3% (SR). The C2 treatment had the
greatest effect on CO, cumulative emissions, with an increase of 42.9%. The N,O flux results showed that the C2 treatment
significantly (P < 0.05) reduced cumulative N,O emissions, but increased the comprehensive warming potential of CO, and
N,O emissions. In contrast, the C1 and SR treatments had no significant effect on cumulative N, O emissions and the

comprehensive warming potential. The correlation analysis showed that CO, flux was significantly positively (P < 0.01)
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correlated with soil temperature and soil water content, and that the N, O flux was significantly positively (P < 0.01)
correlated with soil temperature, soil water content, NO,-N, and NH,-N, but significantly negatively ( P < 0.01)

correlated with soil pH. In summary, the addition of biochar has the potential to significantly reduce nitrogen gas loss.
Key Words: biochar; straw return; CO,; N,O; global warming potential (GWP) ; the North China Plain

CO, Il N, O A F 22 (4 28 S, A O AN IR 2 5 S 4 pR A AR Iy s i I il 2
CO, Il N,O 1 F ZEHEROR , R %8O M AN 2 A RG], ARl A 7 U N,O A
B HECR Y 849% ) DA I AN ] AR A PR 38 SR I HE B 8 BOR 2 40 A AR [ A

AW (biochar ) S i AR W) JSTTE 52 4 LR 7 i S0 2% P 28 i TR EAVE 0 A 7 2 Y — MBI ) LR BE D7 7y
TR FEZSPIT  BFFE R R st A 35 ASACAT DABOLE 398 Ay B4 M 9, 4 255 48 NH-N
FINOS-N (47 e 139 pH (") R w5 R K PERE 45 38 T LAl - 38k % UK CO, N, 0 i
JET R pH RS N S R TR s SR A TR R AR R R Y R DR TR 0T 3 1
Ve RIS S B R FE AR Z A HUBTREAR 14 e P A AW 205, 2 W S oot/ £ e vl
SRASGAPURE S NS SO ATE 31, T A8 ¢ B R IR R AR HE AR 1 DA el 7 |+ 4
HAVG 225 A AR S SR TE SR 8 A AT B 5 — R T

AT PR M R AT A — i 2y X070 R A3 T T DAY /D 398 3% 2 JE LU 25 & 19 o -+ 3% pH
{E, 398 e RK AR AL BE 0, T L 8028 T RAE M 0 1, B B T L rh 2 LA R ) 2R S T
JET ST RIS F X R % A HE O 5 M A R RIS AR 05 5 A REAFIA H AR 1 n 13 o,
HERL, 17 Naser 552 BF5 45 5 s REFFIE H RES D CO,MHERL, R BT 45 KR, BEFFIA 1 AT B G FAIS
N, O HEC, fEAA #8 5r WT 4 RE RS FFIA HRERE B4 TN N, O i HEiic =20 AT DL AN Rt A= 4 i 2 A FF IE
T, % 4 CO, N, O HEBCHIRA MR 224 1 R S8 A Ul b A i — R Bk, T HL G T AR Wy ¢ 55 R AT 3 T X
CO, \N,O HEM B SR i o AT 5, FRUHCAS SCRE T e AR AU A T 20 2 47t JH A ) S s ) i it [ b 24
L HEERIR NOS-N NH;-N F i DL 3EpH EHA5F A2 AL, #RZTIE A R 2 09 A= By s 5 R AT ik [T X €O, (N, O
HERCHI R0, LU 08 5 A A3 R G000 e D RE /b S A A T 2K | S8 BRI i = AR IR 4R 6 R o
A

1 #MREFE

1.1 0 s A

WIGTE ARG Fa A B A S Hral &k e 525k (117°58'E,36°57'N) JFRE 1% X 4K 17.0 m, J& TR
R A e, 435 H HE 28327 h, H B 62% , 5 F- 340 12.4°C 4R B /K 5 600 mm , FELEH 7R
6—8 1, Ay MESFIK Y 75% ., VEWIRIME 7 R/ N2 - FOK AR, T HERAR b 2 R AEIE 12,2007 415
it A LA BRAL P PR L 1,

F1 HEALENEREUMER

Table 1 Basic properties of the top soil before experimentation

pH AP £ Bl TR AL
FKEb=1:2.5 Organic C/(g/kg) Total N/ (g/kg) Available N /(mg/kg) Available P /(mg/kg)  Available K /(mg/kg)
8.1+0.05 10.8+0.1 0.7+£0.02 48.0+2.0 11.5£1.0 210.1+9.0

1.2 R R
HER A Wy 5 ] FRFEFT SRR 360°C 44 F , 250t 24 h AR 52 BBl iU BB R I T3 T 4 il
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AT KA FRA R BN (0.297 + 0.05) g/em’, SR E N (65.7+1.2) % , & & &} (0.9+0.02) % , F 3%
BRSO (1.6£0.1) % , A %00 & #5 (0.08+0.003) % ,pH 4 8.2+0.05, Btifl/NA MR BF 4 22, F KM FlY
FRHL 958

1.3 gt

FENLSEIG IR T 2007 45, 38 4 AN 0P A HRENL A0, 3 IRE R, BA/DIX AN 36 m*(6 m x 6 m)
FLAKN Sy . CK X B ARS8 HURE AR HE AR M R Ab 38 C1:4.5 t hm ™2 a™' s S AR R AL ] €2.9.0 t hm™ a™'; SR
FEFF s e, A A B BT E N 200 kg hm™ a™',P,0, 52.5 kg hm™ a™" ,Ks0°37.5
kg hm™ a™' A I PR 2 BEAE N 2 W R 85 , 0 I A BRFRBR . A=W — KWK, Z4F0 . R B AL Ak
Y T - B 03 e 25 4/ N2 RN KRR RUIE—PAE A ZEIE 2R B T B AL AN I 4040 Sy B — 1k
it FH

AGRE T 2013 4F 10 H—2014 4 9 A #47, FRAEMBOGRIG , 4V m AR BEFIAE 4 A 405, #6147 15 em IR
FEERE . FEFFIE R b —Z=AEYOR FE UM % (A B 3—7 em) it id 72X SR TG BEBF I B0 IR, 12X50 10
[i] FH i) S AR A SRS i Oy , 2/ A2 T 2013 4F 10 A 8 H BEA TR A4 I it iedt & Fh, 10 A 9 H#EK,2014 4
3 1 28 HIBIEHE/K 6 A 5 HISGK; KT 2014 4F 6 A 13 H#A TR HE SEAL et #6F 6 A 20 H ¥
K,7 H 27 HIBIEEEK,9 A 30 HIGR
1.4 WEFRIR Sk

(D) IRESAEE  RHSEREFWIGE . 2013 4F 10 H—2014 4 97 F 45 8 WL — 7, Jiti T 3E 7K 5 fn a7
KbE S RAE 3d, RAEFE IS N 43 em X 43 em X 50 cof BY, 43 em'X 43 ¢m X 100 em, B/ A1 F R A K
SR FEM R EE 50 em B 100 em, SRAEAR A i SR ORI AR (PC A in i e, i PVC AERLIE , I
FEILAR A B4 A R RIFL , AR PR UEEE A AL 57K 43 AT LSS 4, 76 45 Ab BN X o i
1A 78 FOKR AN 3G FP Z S5 A 8], S 77 A8 P B RLEE T i 2 R SRR A0 1T P 8 T AR 28, Bk
SRAE R RC AR T 7K, B L SR I I P T <o SRAFI [ A 9:00—11 1 00, Fij IR 58 3 BT, ot Ao [1] B 1 s 3 £
P2 HAEHHEROK S SRAEERHESR AR AR -, 43 BI7EFI4E 2 )5 0.10,20 min 130 min, ] 100 mL 7
SR 60 mL SUATE AR A B 5L % ]2 HEAE S 4151 ( Agilent 7890A ) I & S AAME & N, O Fl
CO, M, N,O kil g5 4 ECD (AR EMIES ) , CO, Kzl &84 FID (E MG R 8% ) o Bk E SR
i R RIS TR) A5 0 SRR AR AR PR L R L5 em A 10 em - JZ 0, M 3 SR 468 485 U B 00 o {300 =2
(IM624, L 504 NERAT IR Al 4 st o COL M N, O HYHREGE AT

F =pxV/AxdC/dt x 273 /(273 + T)
KL F o CO,MN,OHEHGE R (mg m>h '8 pg m>h™") ;p AFRAEIRAS T CO,E N,0 % (0.5 g/L F11.25
g/L) 3 VIRREEFR IR (m® ) ;A I RAEFR ISR N 1Y 3R TH AL (m®) 5dC/de 2 €O, 3% N, O HHERH R (mg/h
5 pe/h) s TR R TP S A N IR EE (C)

CEANAEME S GWP . fE 100 a B B R B9 AE b b, 3 CO, [ GWP 4 1, 0] N, O KAy GWP
298179, RN,

GWP = Rey + Ryox 298, K1 R, Fl Ry 531378 CO, M N,0 EBHEICR (kg/hm) , GWP 0724 CO,-
eq kg/hm*,

SARRERRAE SRR 2R T B R A R HE N Y 0—10 em HHERE Y BRI 5 30 Bt . 4% pH L)
KA oK,

(2) HHEH A (NH]-N \NO;-N) R CaCl,iZ$2——AA3 5173011 ( Braun and Liibbe, Norderstedt,
Germany ) 72 22 | FREL 10 g i 2 mm G A3 £ - ERE 5 BT 100 mL 3R, A 50 mL 0.01 mol/L ()
CaCL W, %% 1 h, b U8 UEWVR VRORAE o I K DBV A , (o I S0 3N 0 A ( AA3) Tl %E NH;-N \NO; -
N &,
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(3) 13 pH{E  H pH 1T (PHS-2F, AR B BR A |, i D) M o Krad 2 mm 57 1457 fif
AR AT SRIEFREL 10 ¢ £FEET 50 mL BEARH, A 25 mL 7K, W& B G, ABEFEER R 5 min,
SRIGERE 1 h, FH pH 1HIZE .

(4) F3EE KR R EEATIE S BRI 10—20 g 3 2 mm 575 AR 6 - 300RE 5 0 R AT A
FE A HE TR SN FE AT R LR E RS A 0.01 g, FREFRR S BCAE MR TP 7E 105°C T HEEE 24 h BUE S E)
BER, 7 IR,

1.5 HdEadr

SMTE R N H I, R AL A il 1 Matlab 7 SRR 2R, R SPSS 20.0 4k
[ag:0] One-way ANOVA Fb g5 b PR A] 4 SRR AR AN SR 1 Y 22 5 0 v ,Person 3¢ & B M AR HE i
S R R A e R Microsoft Office Excel 2010 234, i /K F-%4#E P < 0.05,

2 HRE5HH

2.1 HHEREE LUK T pH MITEHLAE M SIS
HIPE 1 A] DL AN VE RN 45 A 2 I B2 )R A R A AR — B, A4 BRZ A G . 35 22 5, H/NAE &=
T EAT, S ORI R B IEA — 2, B/ANERRT 5K, INEFRF I HEL, 5 CK
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N Kk
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Scm#hif Soil temperature/°C

_10 I
30
25 |
=
=
5 20[%
=
=]
(5]
B
S 15
7
5]
& 10|
.ﬁ,
="
+H 5 -
0 | 1 1 1 1
2013-10-01 2013-12-01 2014-02-01 2014-04-01 2014-06-01 2014-08-01 2014-10-01

H # Date

B1 ARAEEREMTHEKSHEL
Fig.1 Variation of soil temperature and soil water content under different treatments
P Rl T R (B bR, HELR SR X A3/ N A F R I AE R T 7 Sk FORMENEHEAK  CK 0 R C1 o AREE A SR AL BT (4.5 ¢ hm™ a7!) 5 C2:
A YIRALEE (9.0 t hm™ a™") ;SR FEFFIA H AL B
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L, C1 AR FEXT 4 HEK 435 M #5870y, C2 A SR AL B () 4 387K 43 i 3 5 T CK AL (P < 0.05) , 43 T
3.29%—13.4%M1 5.29%—33.3% ,C2 Hl SR Ab¥Z MITCH B 225, 7 F oK L2 W EHOK T B 225

P L 2 o] WL it FH A= 3 e RS FF AR BG4 38 pH P2 AR T — @ A5, R [RIAR PR 358 pH (EARfL LA AR AL
e/ 2 5 CK AL, A FIAS FT 340 A B 4438 pH (B S 39 (P < 0.05) ,C1.,C2 F1 SR &b 243 51| Lt
CK #£/ T 0.02—0.28 ,0.04—0.55 F1 0.05—0.36 ™07, £ EKZE, 5 CK AL, C1 ARBEXT 438 pH {52 M4
/NS C2 1SR ARG 3 pH (B 20 B34 T 0.06—0.25 MBS (P < 0.05) , H €2 il SR 4327 6] ¢ 3.3
FEFt,

8.4

82

x
=)
T

+-3pH Soil pH
~
[oe]
T

——CK

! ——Cl

o —aA—C2
—o—SR

7~4 1 1 1 i 1 1 1

2013-10-01 2013-12-01 2014-02-01 2014-04-01 2014-06-01 2014-08-01 2014-10-01

H A Date

7.6

B2 AE4bIE 1R pH R

Fig.2 Variation of soil pH under different treatments

FALH LT NOS-N f3h S aIEAR =2 (K 3) . /NN #5031 I NOS-N S8, B W)
7R ARG AP FH AL P 439 NOS-N S B2 (P < 0.05) , H C2 4b BB 5T SR 4bH (P < 0.05) ,C1 AbFH
5 SR MITC i E 25, /N, B4 FE 3 NOS-N S %W NI, 5 CK ML, C2 A B8R B & & T Cl
ISR 4LH (P < 0.05), H SRS C1 4bHfH) 4% NO;-N F i F 255 (P > 0.05), 2014 423 H 28 Hil
JEHEK G, 240 P 439 NOS-Nf& i 2o BT, 3 H 30 H I BUIE(E , 2 5 @il #% . k%, C1.C2 FI SR AbFf
)+ HE NOS-N &5 CKHEL , 0548 T 32.1% .83.6% A1 41.5% (P < 0.05) , H. C2 ZbBRA) 3 NO;-N & &
BERTHELIE(P < 0.05),SR A4S C1 M, K225 RKE8 B EKV-(P > 0.05), BERE, /N
Z 1 4 NO,-N Frd i T 5Kk 2%, C1,.C2 A SR ARBE) NOS-N it 40l b CK #2555 T 41.3% .95.6% 1 62.4%
(P <0,05),H C2AbH i 3 = THELB(P < 0.05) {4 SR 4LHS C1AMBEARHE , 22 5 R IR 3 i E KT

KA FRAIFE NH, -N & Sh BB H W EA (& 3), T R/NEFE R KT TEEHEKZ
JEnC1 G2 F11 SR AbFRfY) NH]-N S48 2/ T CK(P < 0.05) ,C2 AbFR A 138 NH]-N &5 W& T SR At
FL(P<0.05),C1 5 SR ALIRAHLINBA B35 2 5%, HARZSIHY C1,C2 A1 SR AbFR Y -3 NH;-N 55 CK AH
L2 F AR (P > 0.05) . 513 NOS-N ALY, U A:= Py e FIRS A1 34 TXT 138 NH-N SN, BR T 7
TREHE K Z )5 ,C1,C2 Fl SR 4B NH-N A /Mg mah , Hoax 45 i 9145 40 2 + 18 NH;-N &5 CK A b
WERER,

2.2 it HAE Y RS FRIA X CO, 38 it 52 mm)

11 4 T 0, /INAE 2R P A5 A B CO, HEBGE = 0 R B4R R 7E 2013 42 10 A 10 H 2014 424 A 6 HF5 A

18 H,Hr1 2014 4 4 H 6 H4S AR CO, HE UM & A i, 4 /AL PR HEBGE 5553735 3 T 1029.8,1026.5
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Fig.3 Variation of soil NO3-N and NH}-N under different treatments

1123.6 mg m™> h™' F11031.3 mgm > h™', 5 CK ML, C2 AFRAY CO, HER®E & B F (P < 0.05) ,1fi C1 1
SR 4b# 5 CK g 25, H Gl AFRAY CO, HEfuE & 5 SR AP b th AR A 3] B K (P > 0.05) , 7E
2013 4F 10 H 10 HEEFNSES 1 SOWIIET , #5403 CO, HEloE = th A 1 A&, 10 H 19 HIRR TR, Z R &
2014 4% 3 A 8 HIAM], ¢ 4b 3 co,HEloa & sh A2k %%, 3 H 15 HZJ5,CK . C1,.C2 Fl SR 4 FHiY
CO, HEGE g B, 1B 4 H 6 HikBI5 2 N Eig, 2 )5 R TR 7E 2014 4F 5 1 18 H X
S 3 i, 5/NEBML, FOKRFERAH CO,HEBGM R, HERIM N 2 A58 I sl ) s A8 AR fb e 34
7E 2014 7 4 28 H ,C2 4bBE CO,HERE F i, 35 1553.8 mg m > h™' | kb CK(938.5 mg m™ h™") i & & i i
176%, CUAL PR (1521.5 mg m™> h™") A SR AbFH(1479.2 mg m ™ h™" ) ¥ b CK & 1.6 %, &40 B 5 CK AH b #43k
B Z VK (P < 0.05) , B4R EFE,2013 4F 10 A 10 H—2014 4E 10 A 10 H W], 44038 CO, HEiom & F
B[R] AR L A — B, TR FEAVE RN, CO, HERIGHE & Bl & A= W) it FH 12 1 165 I 225 35 m, €1 . C2
ALBRE) CO,HERGE T4 CK 5142 T 0.3%—90.3% 1 1.0%—334.2% (P < 0.05) , H. C2 4bBEAY CO, HEjiliE
i, BE S THELB(P < 0.05), SR AR COHEGR B B & 5T C1 4L# (P < 0.05),
2.3 it AR R AR FE AR AT N, O 38 £ )52

& S AL, NERRF G &AL FE N, O HERGE R 7E 2013 4F 10 A 10 H &, 2090 275.6 ,288.3 ,105.2
pg m > h™'F1186.6 mg m™> h™',C2 SR 4b¥HE N,0 HEGH it i E KT CK(P < 0.05), 1 C1 4b¥5 CK AH LI
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Fig.4 Variation of CO, flux under different treatments

FREES ClAMEERET SRAF(P < 0.05), 2013 4E 10 A 19 HAA4LFE N, 0 HRi i 7 2wl [9% | 2 )5
3| 2014 4E 3 A 22 HAMEBE BN, LT T — 4 HAL”, 2014 483 A 28 HiBNERE K 25, & 407 N, O HE
BGE BRI ETE,3 H 29 H M BLIGEAE , 2 5 8 Y 2 /N2 ORI, FORZEAALBE N, O HEAGH &35 2 K
HH 8 F < WU AN I 43 S PR AE 2014 4FE 7 A 28 H A1 2014 49 A 18 H, Hd7E 2014 4£ 6 A 21 H,
CK.C1.C2 1 SR AbF N,O HEom &k 2 KM, C1, C2 b3 N, O HERGE #5 CK A1 H G B 3 22 5, SR Ak 3
N,O HElcE & 5 CK I, BT M & 51.3% (P < 0.05), H SR AFEAY N,O HEGE R E T C1 4FE (P <
0.05) , BRFENK, Titie/NE TR IE T AT &4 H N,0 Heili & 1Y sh BB H LT —3%, H/AhEZE N,0
HEpGE AR T FoKZE, 7R AE RN, C2 b3 £ I8 T N, O HEBGE L (P < 0.05) , 1 C1 1 SR AbEE[)
N,O HEAlGHE 25 CK A HJC i %22 5%, H/SR ZhBR S C1 AbHAH Hoth A 3k 31 25 57 i 2 KO

1600
NF X
1200 +
m‘l—
iy L
o 80
E
=
Z o 400
Z
A\, A
0 z B-88 z - a5 _.-EE = By 6 =-= =
2013-10-01 2013-12-01 2014-02-01 2014-04-01 2014-06-01 2014-08-01 2014-10-01
H ] Date
—400 L

B 5 AELEN,O HMEENETL
Fig.5 Variation of N,O flux under different treatments
2.4 CO, N,0 RBHEM i B LR A I IR T
P 2 WL P R A A ((C2) FIRS AT IR FHALPEL(SR) B R ER N T CO, RBUHEE (P < 0.05) , Hi &
G500 42.9% 1 15.0% , 3 IR A= 458 (C1) % CO, BFHERUE 2R AS 8.3 (P > 0.05) , (X C2 Ab3 i
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FRRAR T N,0 Z2RUEE (P < 0.05) , IR 18.3% 1M C1 F1 SR ZbHEX} N,0 SR HEE ST B & (P >
0.05) , M3 2 & ALBHTE 100 a B [A] RUBE b A 25 G 3SR I 35 b R i 45 SR AT 0 s s e 2R W e (C2) b 25488 n
T CO, M N,O HE 25 A TR (P < 0.05) , 38158 40% , i fits AR i AR 9 5 (1) FIRS A8 B (SR ) ¥ 5
CO,F1 N,O HERR I Z5 B GRS A Z BIAFFAE B EME(P > 0.05)

*£2 CO,N,0 ERRHiMEMEZESILRES
Table 2 Cumulative emissions and GWP of CO, and N,O

CO, ERicE N,0 2R it S e
Ab T o B e O B LA GWP/
Cumulative emissions Cumulative emissions N
Treatment ) Increases /% ) Increases/ % (CO,-eq kg/hm*)
of CO,/ (kg/hm*) of N,O/ (kg/hm*)
CK 26436.6 + 499.4b 4.4+0.3a 27747.8 + 444.6 b
C1 29464.8 + 556.5ab 11.5 4.4+0.3a 0.8 30776.0 = 581.0ab
Cc2 37774.4 = 691.4a 42.9 3.6+0.2b -18.3 38847.2 + 708.1a
SR 30415.0 + 567.3a 15.0 5.1+0.4a 17.9 31934.8 + 594.3ab

ANE/INE FAE R A F AL BRI () 22 57 BAT B (P < 0.05) ; CK:XF I8 control ; C1; I A= HAL P low biochar treatment (4.5 t hm™ a™") ;
C2: FEAYIRALHE high biochar treatment (9.0 t hm™ a™') ;SR F5FFif FHALEE straw return treatment

2.5 CO, N,0 iS5 +HEE 5K 3 pH AIF AR E £
Toit/ N Zi S oK ZE | CO,HEHGE & +H0R | + S K 3 B2 FEH R (P < 0.01) 15
14 pH {H NO;-N H1 NH;-N ¥ JE¥TEA KM (P > 0.05,%3)
£3 CO,HMIBRS TR, ks 8 pHAF RAMELY

Table 3 Correlations between the CO, flux and soil temperature, soil water content, soil pH, NO3-N, NH}-N content

Geitis B Sem HERE 10em +3EKS> 14 pH NO3;-N/ NH}-N/
Statistical period Soil temperature/°C ~ Soil water content/% Soil pH (mg/kg) (mg/kg)
/NFEZE Wheat season 0.786** 0.563 ** 0.109 0.001 0.002
T 2K ZE Maize season 0.551"" 0.526 " 0.000 0.021 0.039

# FORTE 0.05 BEMKT T BEHIC, « « FRTE 0.01 BEFMHEAKT T

oW/ NAZ Bt J B oK 2 N, O HRHCHE B 5+ HER | 38K NOS-N R NHE-N SR 3 A 2%
RYIEAIICICR (P < 0.01) , 115 -0 pH (AR B 5 A FADEOER (P < 0.01,%4)
4. N0 HHER S HIRE T Hks L pH T RAMAXM

Table 4 Correlations‘between the N, O flux and soil temperature, soil water content, soil pH, NO3-N, NH;-N content

ESRARInE= 5 em THERE 10 cm 3K 5> + 4 pH NO;-N/ NH}-N/
Statistical period Soil Temperature/°C Soil Water Content/% Soil pH (mg/kg) (mg/kg)
/N ZE Wheat season 0.685"* 0.491*" -0.471"" 0.531** 0.668 **
E K2 Maize season 0.475** 0.572** -0.616"" 0.694 ** 0.704 "

* RgRAE0.05 BEMARF T RFMK, + = FLIRTE 0.01 BFEVEKFTFAHIK

3_itie5E1R

31 vhie

ARWFFTEE R it A= P e vl g 3 CO, HEGH 2, HLIE %5 A= 9 it FH 8 R 15 n , CO, HECGH . 7E
B 33X — 7 R R Ry 1) A AR R IS A2 e T AN TR Rl 4 43 (A R A 0 1 e A s 1
FEULNT R 360 RIAE W e i)« IE BRSNS — T 0, AR W e RE IS M B A 1R R IR
FIBEEG PR T I S A MUBRIEA T4 6N T COLHERC, ASBFIT 4 R R | it FH w8 A= W o (i
HET CO, BBHERCR , B I ud B AR 9 (8 38 0 42 088 -+ 3 rbn] ) Ml | 2803 B0 R B4 , sk Ok T 4
A RIS T , B0 CO, BRI FEFFA AP E N T o, BB, 53 IS BT 4 R
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— 5, WTRESE TR AR B, v ARAGEE - S A AR 5, il i sh AR I I RER DL RGE B A1,
T2 - e A= W I BRI CO, 2 S A, B B | - K 40 - 4 pH 25 B3 DR T 2 T 4 ) 4%
IEZI CO, HER, ARFFE R, CO, HEHGHE &5 IR A | 4385k i S0 0 3 IE ARG G &R, Ui I+ 980
3K R CO, HERE &1 2N 2, R R F m iR 2 W, 50w 1) - 588 5 0+ HEK 43 X6 1
A 1R 1 T | A ) i R A A e 398 o = 498 5 K i R R R B W T R I A R R e S
BB SRR IR A ER ISR BE A COHEMTVEN ) B LIAE/NZE - BRI E] , TR ZE 44 3] co, ER R
s TN ZE T HAS AN EE CO, HEHHE = W H BLZERE A S A IEVE K

K0, 1) e i R I A= 95 v] KR U /D N, O HE 4T G A o SR o i A A % 50
t/hm? AT N, O HlE S A 51947 Wang 251 38 1 75 /K RS -/ 22 5615 VR 2 o8 2 990 7% (ol 2 e 1 o)
W) J5 ,/NZZE N, O HERUE D T 53% ; Cornelissen =g WA B, Y] AR N,O, FEmikEME N,O HEi, 4
T FT 2 I, Jiti P oo s 2 e B 35 AR T N, O HEi i 5 BBHE i i, s — Ty 1l 5 A 4 o W W R A 6T
S—5 M, SR YR e R R TP R R A X BB R T AR A B B /N L, HBEE AW 5
BT BE N , REAE WL B RN P45 7K 43, oot - 4 A am A, 0T R A AR VR T BOR R T IR B A T A E e
(4 SRR R, s R [, T T2 N, O HEBCA 3 T4 B Sc R 208 e KR 3 R FF A H I 5 448
T N,O HERGE & 75/ 2, N, 0 HEBGHE & 045 Ak, o5 P PTRE & il T RS A7 38 B AE T 3R i 4
R TKTE LKA O, 1 A e 1) AR A, At T R W O R A AR, R TR I N, O R
FEAEHEK |+ Ak B 5 S0 45 P R A A R0 52 i 31 -+ 33 0 i A T 5 BORS AR VE 50 IR IS M N,
O HE . FEAIRIE AT, A N, O HERHE & 0434 H BUAER A FLE AR K )S  3X45 AR R a7 g 4f
WG, HE RIS IERE K Z 05 , i P A A K SR TR 5 72 5, TR A hy SRS Ak A 0 8 s o 4
IR A A AR R OL, e T 38 ms Ak 5 R il AR/ F R N, O HE, Tk 22448 N,0 R & & T/ 2
7 [ RERE B EIRZ W, R K& e, I A 22 RS RS AR AR F SR 0 I v/ + 1
YriE e R E AT, B N,O B A RdE . O3 Ah AR RN, N, O HERGE & 5 IR
HHEE /KR NOS-N FI NH;-N 30 H 5835 A TRAH DG OC R, B A A FH 0 B A A 1 P 1) e 3 TR EE 433l oy
15—35C F1 5—75°C , W5 IX A BE ARG N, O 197 A= FHET , 17 387K 43T DAk AR 1 438 1) a8 <Mk A4
ARG SE SRR A N, O A 7 A AR S ) At 356 B 4 398 b ) s A5 SR At R R ) N, O A F 2 AL
il 1 NL,O HERCER S I pH S B 3 U G, O U TERR M N R M A R TS A 774 N0, i
S pH < 6 i, R 8EREH BE=4: N0,

Sl T VR A A 1 b ] T ) AS [ 9 2 AR X 2 28 g 18 M ) R X 8 3k g ) AR v it
AP INT CO, N, O HERA 254G T T A, ELit F G 2 A= 0 2 RS A 38 B X CO, AT N, O HERAY 256
B R TR B, 5 Zhang S5 AR I IX OB FTSE SRR — 3, HLRA AT B PR AN R IR X A K A3
BRI RIS BE AR (AT JIr 2 53t B [Tttt 2 B 76 o et 2 A i A BT ) A FH A 285 3R 5 Il R i A T ik
KT AR b, X6 ER TS AN B 107 AP 2 2 0 RIS 3 FE ARG DA 0, X R B R0 117 75 M A
320 458

(D) BASAEFWIN, 40 H CO, Al N, O HEJHCE 5 fl i fa] i 28 fh i 3 3 AR — 3K, /NFE 22 O, HE il &A%
FARKZE, it A PR ARG FFAA 34 ] 4 20 0 O, G &, FLING 5 it i 2 A 34N, CO, 388 #2588, it
FH A S 2 BAIR T N, O HEIGHE &t 10 it FH A A e ARG A4 FE G N, O IS 15 T8 8 35

(2) Jiti FH v A= e S 253N T CO, A N, O HERR 255 3R v 34, it FH TG k2 40 o RS AT 34 F X €O, 1
N, O HERL 254 BRI A WA B &5

(3) TEEA AR A, CO, HERTM 75+ HER 35 K R B W IE MR, Wi 5 1 pH 4,
NO;-N F1 NH;-N B oA ; N, O HEfa it 55 - R | 585 /K \NOS-N Fl NH-N R 3L B 8 25 1Y TEAH
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