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Effects of Different Irrigation Methods on Greenhouse Gas Emission
and Mineral Nitrogen Characteristics of Paddy Field in Cold Region
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Abstract; In order to explore greenhouse gas emission and soil mineral nitrogen characteristics of paddy
field under different irrigation methods in northeast black soil region of China, three test treatments
( controlled irrigation (KG) , intermittent irrigation (JG) and wet irrigation (CI)) were set according to
different irrigation methods, with local conventional transplanting and inundation ( CK) as control. The

processes of greenhouse gas methane ( CH,) and nitrogen oxide ( N,0) emissions, global warming
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potential, global warming potential based on yield and NH, -N and NO, -N contents in 0 ~60 cm soil of
paddy fields with different treatments were studied, as well as the correlation between soil temperature in
0 ~20 c¢m soil layer and mineral nitrogen and CH, and N,O emissions. The results showed that with the
advancement of rice growth and development, the soil temperature of each layer of paddy soil in each
treatment was increased first and then decreased. The emission of CH, and N,O was increased at first and
then decreased in reverse V-shaped trend. The emission peaks of CH, and N,O appeared at jointing and
booting stage and heading and flowering stage, respectively. In terms of time, inflection points of NH, -N
content in paddy soils treated with CK, JG, CI and KG appeared at mid-tillering stage, heading and
flowering stage, jointing and booting stage and milking stage respectively, while the maximum NO; -N
content in all treatments occurred at early tillering stage. Spatially, the average content of NH, -N in
paddy soils of different treatments was gradually decreased with the increase of soil depth, while the
average content of NO, -N in CK treatment was gradually increased with the increase of soil depth, while
the other treatments were decreased first and then increased. There was a significant correlation between
soil temperature and CH, emissions, but no significant correlation with N,O emissions. NH, -N in each
treatment soil was positively correlated with CH, and N,O emissions, while NO; -N in soil was negatively
correlated with CH, and N,O emissions. Cumulative emissions of CH, from large to small in paddy fields
were CK, JG, KG and CI, and accumulative emissions of N,O from large to small in turn were CI, KG,
JG and CK. Cumulative emissions of CH, and N,O from each treatment were significantly different from
those of CK treatment (P <0.05). In terms of greenhouse effect per unit yield (GWP ), KG, JG and CI
treatment were decreased by 24.98% , 27.69% and 24.06% , respectively compared with that of CK
treatment. The research results can provide theoretical basis and technical support for reducing emission of
paddy field and improving utilization rate of mineral nitrogen in soil in northeast black soil region of China.
Key words: northeast black soil area; paddy field; irrigation mode; gas emissions; warming potential;

soil mineral nitrogen
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1 #M#BERFE

1.1 RIei#tsR

YT 2019 4 5—9 H 76 IR T A PR K
WEAK 4 T 3 (46°52'417N,127°30'4"E) AT, %
Hb AR B T it 500 ~ 600 mm , £ 4F 1S 2. 5C 1
YK A K 156 ~ 171 d, P T 128 d, )8 T
FE YR A R 2 R o T 6 e X e 7 9 g R -
G3AT X, RS Sy s R PR A AR K 50%
T EEFLBE R 61.8% ,pH fH 6.35, A & 1.01 g/cm3O
T HESERAC S (¥ R R L) R A LR 41.8 g/kg,
LA 112. 06 mg/ke . H %% M 36. 22 mg/kg . 4 &
15.06 g/kg . 440 20. 11 g/kg . 4 15.23 o/kg F1H
fit % 198. 29 mg/kg.
1.2 A&t

IR S G T BT (2 m x 2 m) kAT, D

e RS 3 SRR MR AEY , St 4 A ab 3, 4350 kXt
FREH (L4 BRE E (CK) ) M i 9 21 (42 o 9
(KG) (Bl &R FEWBE (JG ) Fn it v HEWE (CL) ), B34~ b B
3WEAR I 12 AT, 45 Ab B SR N T4 BRp
77 2, % B S B M bR o (178 30 em (JTHET3 em)
AT BEOS MR, KG A BT 23 BE R 1R G K 2
R AT WA R T 06 I S B
JG AR HH 7K 43 % FH < 7K 22— A A 0 W A5
2 7E 43 BEA M A7 W0 H 5 CT AL 31 4 A2 3 R 2 37
KR o 45 b FHAE R it ] A &UIE 110 kg/hm® (P, O,
45 kg/hm* [K,0 80 kg/hm” , % A #22 I8 3L B | 43 BEE |
RAENE ARAERE LAy 4. 5: 2 1. 5: 253 it , BE AR Ry
FEAE — VR A IR e RE A fE AE A e 11
SYHE 2 UK, A A BR I O . BT A AL RS 17
HAERL,9 H 22 H gk, AS [l A 3K A% 45 42 & B Bt
KA EHITEWEL,

%1 AEALEABSEENEASEESE

Tab.1 Water management scheme of rice with different treatments

b 3 R H 4y BETIT Y S EEP I s EER I T 2 R il AT £ 10 LA

CK 30 ~40 mm 20 ~45 mm 20 ~45 mm fipg 20 ~45 mm 45 ~85 mm 15 ~45 mm
KG 80% 60, ~30 mm  85%86, ~20 mm  85% O, ~20 mm 60% 6, ~0 mm 85% 60, ~20 mm  85% 6, ~20 mm  70% O, ~20 mm
JG 0 ~30 mm 0 ~40 mm 0 ~40 mm 15 0 ~30 mm 0 ~40 mm 0 ~40 mm

CI 30 ~40 mm (85% ~100% )6, (85% ~100% )6, (60% ~100% )6, (85% ~100% )6, (85% ~100% )6, (70% ~100% )6,

TE cmm R 2 G B, 0 8 A E R E

1.3 MEMBEA*
1.3.1 3R e

JIF A MISTHCER BE 5,10 15 .20 em L35 i 45 b 7L
THCHY =1 A 3l 08I0 DA 7K F6 43 BE Aif 30 I 1 %2 5L
B, BRR S d W — Yk, I R Sy & H
08:00,12:00,18:00 , B H V- BB AE 4 H 24 1- iR
BORE 5.10,15.20 cm HHERE AL T, T -
T Ty HRR) o
1.3.2 SARKE SR 50 &

SR N T 285 5 A 2 DA R B SO, 0 25 4
SRy AN G T R TUURE T 4 o AN B SN JBE T BR A
K3 em 58 3 em [ % B, T RAERT 5 TAE % 5
TOUA PR S BE 5 mm 197 HLBE B A o A, A AN 2R 1 2
JERE 2 em BYHELS S 1 ZERTE , LB/ R A R] H R
FF 5 5 5 | kS P A PN T B AR Ak . K RS A R BRI
TiUAf =5 60 em , 2B F J5 R B TAS & 110 em, TH
FE T4 AR R HEAF N 20 em R
AR i 1 = W, = R Ay T A4 3k 0 o R
ARG BETHTES A% (50 mL) . T4rBERTI (PT) 43
BEFPI (MT) I3 BEARM (LT) 41 22888 (JB) (4
FETFAE I (HEF) AL 2 (MM) SR 4R 25 4 B AR HE
i o SRAEETE] R 10:00—11:00, & AN AEBE 43 BIHE O

10,2030 min B R FE, SR R T4 @35 4L
(&% GC —2010Plus, HA) FZh#EHEM 2 . CH, ¥
JIE R U S JE B TR (FID) K0, N, O Sk
JIESR U HL 7 ARG D &5 (ECD) A I, A e AR
R RS AR BRA w44
1.3.3 -+ NH,”-N F1 NO, -N & &l &

TR o e w0 2 FL A R Bl A A% A 3
I3 b 42 B S8 e 2 2 B LA A4S I ST B S
ANIBORE S, WORE TR BE N 0 ~ 60 em, JURE 732 O ~
20 ¢m .20 ~40 c¢m 40 ~ 60 cm , U5 14 37 6 + RE A
URAE PR AE . RHEAE S 1 mol/L S84k B I W iR
P, O M 3% 220 ) 4 B A ( R BB 0. 001 AUFS,
Seal Analytical GmbH , f% [& ) ill] 52 + 3¢ NH, -N F0
NO, -N &=,
1.3.4 gl

B GTHC 9 FCAR KR , 28 0 Bt Wl XL 5 0 7K
e AE R AR AT RO AR RS &5 S 3 R0 TRL B i
2RI
1.4 iEHtE

CH, A1 N,O HE 3 A 0

273 de

273 + T dt

F =ph (1)
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Xh F——CH, (8% N,0) it i, mg/ (m® - h) (5§
pg/(m’-h))
p—CH, 3% N,0 $Rfidk A T % kg/m’
h——RFEFEA R E ,m
T— R NIREE ,C
de/di——RAE frf CH, () N,0) % J3 25 1k
# . mL/(m’+h) (8 pL/(m’+ h))
PR R A AR BRI R TR A

GWP =25F ., +298F , (2)

GWP = cwp (3)

K GWP——CH, = N,O HEHC & 4 BR UG il 75 4

{E,kg/hm2

Fo,,— KR4 7MW CH, RPHT &,
kg/hm’

— KR AR F W N0 R BUHE i &,
kg/hm’

GWP,—— Lyt Jhy e v 1) 42 RS I v 4 M1
kg/kg

Y—p ,kg/hm2
+ 12 NH, -N fil NO, -N & ifa =X

w=C (4)

m
W——+ 3 h NH,-N & NO, -N 1y i & [t
mg/kg
it 2 23 A A A, me/ T
V——2 S AR, mL
m—— T IE R, g

X

1.5 HFEAETIE

JIrE 8 b5 2 % FHSE Y {E, % F Microsoft Excel
2010 X a5 Ko 4fs #E 4790 20 &b 3, H] Origin 9.0 47
228, 11 SPSS 22.0 #4T WE TE b, Z H LR M
LSD i, .3 K- P <0. 05,

2 HRE5SM

2.1 AEEBREXTHEALERETHIFE
Yy e A S H e (0 46 A, 3 R Y R R e
BRI RED N EFERMAERARK, B 1K
PR NG 7R R R b B 22 Rt B (P <
0.05) , FIA]) A [A) R =0 F I 5,10 .15 .20 em
A MR AR b 2. BT AT g0, R (R AL AR B
A 2R Y R T S R AR AR kR
5cm 2 EHOEE, CK BT BE R A 2 fe e,
ARALIS TP R T 2 510 em 42 3R
AL BT R AR T B i, BRFLEUB b, CK Ab
BRI ST KG JG (CLAbFE 3B F L i KA
10 em 4 )23 e 8 R ABOR AR T 715 7K HE R /K A 12338515
20 em 2 HIEEEAAL S S em )2 IR EE AR —
o AFEB AR T AN 4 2 4 5835 3 i = i i
19134 SRy oK R oy BE R I sk T 2 BN, i B TR K AR
PR Az K B BRI B TR R AR
2.2 AREBREXNTHERH CH, #1 N,0 #H =
2.2.1 fFH CH, HEjk i 28 fb FR1E

P 2 Sy A [a] o 8 A U A TH Y CH, HERCEE o
K2 mln, A i 45 A B RS T CH, i HETRCZE 16
) £ Ty S K I 1 R 2

or BERT I, 45 Ak BEA

LT
LGB

(d) 20 cm

BL A TR] A B e o 2 A A i 2

Fig. 1

Change curves of soil temperature under different treatments
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M CH, HEBCR B4 T HAR KT 3 BE v 1) 2 43 B oK
1,25 A3 CH, HE RIS 28 18 14 K5 43 BE 2K 30 &5 i 7
FEAEI 4 Ab 3 CH, HE 0 35 kb F 5 m KO, Tk
72 A 3R 2 HE R, K EMK IR CK L CI
JG KG,KG JG CI Zb ¥ CH, HEjl & 43 5% CK Ab 2
B 34.07% .28.29% ,20.65% , kb Hfi [f] 2% 5 b %
(P <0.05) ; Wi BEIF AL )5 , % A0 B CH, HEL 4 2218
BEfik. CK Ab B4/ F KB Ay CH, HEcE ¥ T
KG . JG .CT Zb 3, & BN [m] 7K 43 %8 #xF ff L CH, i
JRCRE ) B L K A3 SRR SR A R T b RS CHL,
(14 HE

LT
EF BB
2 R[FEAR B I CH, Al th 26

Fig.2 Change curves of CH, emission in paddy

fields under different treatments

2.2.2  fEH N,O HEjik AR fb FRAE

AN TR) R SRS TN, O ) HE T A8 Ak 4 AiF il 2%
WE 3 PR, BB 3 Al AL, 24 F B N4 443 N,0
(1R HE R 2 S 38 n 5 A P (8 VIR AR (b ke A, o BE
A 24K 2 R, 4% A0 T N, O H i 5 2% 12 1%
AbFAARAK S 5 $R 19 22 R 2 L A, A& b B RS
N, O HEMCE Ak T3 i K, Tl B T A2 00 35 3 HE ik
WEfE , KB /MERIR B CLLKG JG . CK, KG . JG CI
ABE N,O HE i & 2 9 # CK 4b 3R 8 i 17.96%
9.59% .20. 61% , A P[] 22 5 @ 3 (P <0.05) ; 4l
AL )5, 25 A RS BN, O FHE i Pl B AR
CK 4b ¥ 44 F B B N, O HEilcE 39K T KG . JG . CI
Ab R, FRWIIK 4348 PR {2 TR N, 0 HETR.

o
i=}
i
= 2

)
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LT
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B3 AR BERS E N, O HE & ith £

ig.3 Change curves of N,O emission in paddy
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fields under different treatments

2.3 AEEBEXATEATIETRAISTH
2.3.1 8 NH, -N & &892 1Rk

4 JFEH 1E 0 ~20 cm .20 ~40 cm fi1 40 ~
60 em + 52 NH, -N & 5 76 K [R5 4= & B B i) 22 £k il
2k, 0~20 cm )2, K405 + 5 NH, -N FE# 8
v 3 A8 Ak, 4 BER) BT A A 4 4% NH-N % &
BAK, R BN/IMRIK S CLLKG JG  CK, &b #H 7] 2 5
W3 (P <0.05); CK.JG CI &b P -F 4y BE b 1 35 %)
1 AN AL A A F) 3. 213,56 4. 05 mg/kg, Tl
FETFAE WA 256 2 93 A0, 43 ik 3 3.18 3,41,
4. 05 mg/kg, A] fig /& M T 7K 8 A2 < B Be s 43 BE A
TN s KG A3 T4 15 2 RE IR 2028 1 A4 00, 3L
ARG 2 A4 0 LD A5 AL B 4% NH -N
i L o BE T 4 A B 3G m, CK &b B R n
50.65% , KG &b B 54 i 48.06% , JG 4b ¥ 14 fin
39.72% ,CI &b B 88 1 31.93% , i K 5] /MK KR
KG CI.JG .CK, R W5 /K BE LA T A5 B 4= 3% NH,-N
IR, 20 ~40 em + 2, BREE 2 A4 5 4 5 1k A )
AR, HAEEEFHMEH S 0~20 cm + 2 NH, -N 7
AL —3; CK KG \CI 4b 3 NH,-N & & 3 T il i
FEAEWIE B 95 41, CK Ab ¥ NH, -N & & 20 i A4 T
KG .CI &b ¥ 4% 1 0. 53 .0. 51 mg/kg (P <0.05) ;]G
b3 TR R BR 5 2 AP AL 36 2. 94 mg/kg,
B AT 40 ~ 60 em + )2 NH,-N & #7245 20 ~

(¢) 40~60 cm

K4 RIE4J2 NH, -N & 250 il 25

Fig.4 Change curves of NH, -N content in different soil layers
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40 em + 2 —E(,
2.3.2 14 NO; -N & & (128 R 1E

&5 HfEH 140 ~20 cm .20 ~40 em Fl1 40 ~
60 cm + 22 NO, -N & & 76 K [ A= & B Bt i 22 £k il
2, MBS FTH,0 ~20 em )2 NO, -N & W5
KRR A B O AP R, 0 BE ) B 4% Ak B
NO, -N &t i & 2R Kk o CI.KG . JG . CK, CI,
KG.JG &b # 4% 7 & CK &b ¥ # /1 14.23% .

£l B

(a) 0~20 em

3.89% \22.63% , 3% W 1Y 7K HE W AR XK A A A I
WIS H LA T NO, -N (i 28, EFL 8, & kb
4 2 43 NO, -N Z i f# ik, CK (KG \JG [ CI &b 3
NO, -N & & 7r il # 4> BE m 9 s 2> 69.51% |
74.28% .62.65% .67.60% , 4y 5l & 3.27.3.15,
4.17 . 4.27 mg/kg, 20 ~40 cm F1 40 ~ 60 cm +
2 NO, -N & #7245 0 ~20 cm + E725p FE A —
.

)

—_
[
i A=y

©

&0
&
E12
N~

(b) 20~40 cm

K5 RlE4)2 NOy -N f&mAs b2k

Fig.5 Change curves of NO, -N content in different soil layers

2.3.3  +J NH, -N fil NO, -N -3 & A (L RRAE

AN [A) b B H A2 5 NH,-N S 2 & 58 A W
P06, B 6l AN [ 4b B A5 HT 4 38 NH, -N 71
R )2 WG W >, 0 ~ 20 em +
JE& AL NH, -N S35 & s AR S, KG LG CT b
BENH, -N P28 528 7 CK A3, 73 5] 48 CK 4k
FRBE N 24.35% 4.51% 31.72% ;20 ~40 cm + 2
AL NH,-N -2 5 & il 2K CKLTG
KG .CI, 4> M AH 3 0 ~ 20 em + 23 0.31% .
7.49% 31.72% .36.15% ;40 ~ 60 em + 2 4 &b 3
NH, -N EB & EEM 5 20 ~40 cm + 24, CK |
KG . JG .CI Ab B 43 5] %5 0 ~ 20 em + )20 7> 0. 11,
1.19.,0.40 1. 50 mg/kg, 3 W] 5 /K 3 L 45 XA B T
KA XF A 458 NH,-N i,

40~60

B 6 AR ALPHAS [ A4 NH, -N 2y & 4

Fig.6 Average content of NH, -N in paddy soil under

different treatments

R[] 4 R T 4 NOJ -N S 3 5 725 {0,
/7. 7 AT, CK 4k BRS [T+ BE NOS N

Yo it B - e R B D8, o A b L
NO, -N Py & e > B m, 0 ~20 ecm +
2,4 A PRSI 4 HE NOS -N B & o 2
Wkl CIKG JG,CK, 4b B [a) 22 5 W 3% (P <
0.05) ;20 ~40 cm, % H + 1 NO, -N F ¥ & &%
ik CK &, KG  JG F CI 4k P AR YR 20 540 ~
60 cm, fif H + 3 NO; -N V34 & & 1 = 2R K IR
 CK . JG . KG . CI, H v CK Al JG 4b 3 H 0 ~
20 em + 2 B0 36.50% Ml 6. 18% ,KG FI CI &b
PR 9 & H 0 ~ 20 cm + )2 W 4 10.57% F
27.84% , R W 1K HEBE A Tk 2 - NO;-N 1y
28,

A CK
a ] KG

BRIG
cI

N
720

TS AR e/ (mg - kg™)

0~20 40~60

TR em

7 AT A EEAE H L5 NOS -N 3 & &

Fig.7 Average content of NO; -N in paddy soil under

different treatments
2.4 AEAEBEXTHEHIERE. v RESES
CH, #n N,O HEFi £ M8 X%
T B AT 5 e A ) ) AR A PR B B ()
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BB W 5 SR 0 5, BF ST RCRURL CHL A1 N0
2 I B R 2 P 3 B 4
B R TR e 2 AR [ SE CH, T N,0
(O HE R B 5 I VR 5 -1 MR O R 2 R 4
FH A2 AT CK AR CH, R 5 AT IR
JE SR B B AN I IEAH G KGR JG AR B CH,
HEMCRE 5 T, T R Ty M 25 TR (P <0.01),
5T, B EIEA S (P <0.05);CT AbFE CH, HEjk
5 T\ T, T\ f Ty 2 8 F EAK (P <0.05);KG

AEPEN,O HEE S T, A BF A, 5 T, T
T A3 IE A OG5 CK L JG [ CT AR BE N, O HEjg i 5
HFLE LIRS R AR FIEMKC, &4 B
NH, -N & &5 CH, ficE A N0 fEic i 28 8 2%
IEARSG, I A58 NO; -N 4 5 CH, #E7L & 1 N,0
HEMCE: BN 3 U G, KG JG (CT AR 3 4 3% NH[-N
Ty CH, HEBCE 1 N,O HEBl i A 6 RE & T
CK Kb, AT fE A A I 2R 3 4 75 504 = NH,-N A
L BAs > CH, F N, O BT

®2 AEEBREXTCH, MN,OHBESIEREENT RESENHEXRY

Tab.2 Correlation coefficients of CH, and N,O emission fluxes with soil temperature and mineral nitrogen under

different irrigation modes

) + B B A &
pog:il

T, T\ T\ Tho NH,' -N NO; -N
CH, HEjf it 0. 698 0.799 0.735 0.749 0.558 -0.625

CK o
N, O HEjil i 0. 209 0.320 0.311 0. 441 0. 438 -0.528
CH, HEp it 0.918 0.983** 0.982 " 0. 866 * 0.596 -0.333

KG o
N, O HEA & -0.138 0. 062 0.170 0.335 0. 453 -0.699
CH, HEj it 0.984 ** 0.928 ** 0.953** 0.825* 0.568 -0.462

JG -
N, O HEf i 0.156 0.331 0.092 0.335 0.547 -0.593
CH, HEJit 0.823° 0.886 " 0.815* 0.843 " 0. 630 -0.703

CI o
N, O HEjl & 0.183 0.610 0.474 0.374 0.488 -0. 696

e s RORTE0.01 JKF BB FHC, « FmFE 0.05 KF LB FEHK,

2.5 AEEHEXTHEE CH, #1 N,O 2R HH
EFYFEREARENLE

AR AL FFEH CH, F1 N0 2R HERCE AEY) ™
LR RN S T iR AN LR 3.
23 AH, AL HEAG H CH, BREUHER R I & F N,0
BRI, 4 A FRRE I CH, B2 R HERCR t R F) /N
KA CK JG KG (CI,KG JG . Cl 2 FEFF H CH, 2
FRHEL & 43 51 B¢ CK A 3 % fi% 28.33% .25.91%
29.70% ,#5- kb ¥ CH, RBHEL 5 CK Ab#E 2z 5
HE(P <0.05), 2 B /K WA 0 R T G
CH, ZBUHEM &, W 22 i = 200 5 %% Ab B RS N, O
FERHE & R B /MR IR C1LUKG JG, CK, KG |
JG .CT AbPEAE M N,O RBUHE L & 43 5 4 CK 4b 3 1
T 24.51% 12.75% .25.49% , % 4b ¥ N,0 2 Bk
R CK Ab P22 57 25 (P < 0. 05) , R W5 7K
WAL A E T N, O EAHE R & 5,

25 Ab 7 i R B/IMKIR R JG .CK (KG [ CT, H
th JG AbFE P CK AR FR B 2. 98% ,KG F11 CI &b
PR 9% CK Ak BRFEAR 3.79% F1 6.75% , T 4E R
JE B4 AR BE CH, B N,O 284 i % 500 (GWP AR 4ig
X (2), M COMENBHS,GWP =1 kg/hm’  fEH
AERUEE TR HB IR 4y 5 o COL 1Y 25 £5 1 298 £,
A3 SR L HE L CO, Y i, W 2 SR MH AT 1) ok

®3 AEALE CH, #1 N,0 ZRHHE EYUFTE.
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Tab.3 Cumulative emissions of CH, and N,O, crop
yield, comprehensive greenhouse effect and greenhouse
effect per unit yield under different treatments
CH, ## N,0 ZM}M £
AbPE HeRcE/ HERE/ a4
(kg-hm ) (kg-hm?) (kg-hm~*)

cwp/  GWP/

(kg-hm=*) (kg-kg™")

CK  1263.31° 1.02° 8160.11" 31886.71*° 3.91°
KG  905. 45" 1.27*  7850.50° 23014.71" 2.93"
G 936.04" 1.15"  8403.60" 23743.70" 2.83"
Cl  888.12° 1.28*  7609.60" 22584.44" 2.97"

T - [ BT 5 AN TR /NG 5 B R b B W) 2% 53 8 25 (P < 0..05) .

F,CH, 2T H ARG GWP 1) EE i £, 4% 4b 513
GWP i K B /NK WK S CKL,JG.KG, CI, H fh &b B
GWP % CK b FEF [ i 2 (P <0.05) 5 54 7 2 i
RN (GWP,) B R CK e K,k 3. 91 kg/kg , KG |
JG (CI ZhF 43 5 4% CK b B K 24. 98% ,27.69%
24.06% , 3 W5 7K WA AR 7715 0 T BB A Rk 22
e FH L 28 3000 o

3 itig

B 42 Bk A W B B A9 B4R M, HE CHL A
N,O SR E R C 2R EZE . A AF I i % R
R IR, e B Al R TR HE R L B
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WEWERE L KG JG il CTAb P4 A6 & W1 CH,, Hiic it
PR T MU L VE WE CK AR BE T N,O HEM i3 7
T MR HOE E CK Zb B, mT BB 2 th T KG Ak B S
TELE B WA HEAT < 1% B T R PR3 B HE R JG A o
i FH K 43 3R J T8 7K 22— 0 778 BF 98 % L CT 4k B 4
A TR E S BB AR F K R K 3 A A A B
W R b i 3 - 4 T O P, WK TR 6E T RE IR AR ER
8 T T OCH, HE R, (H AR B T R RS AR AR
I, 38T N, O HERR ;7T B 2 h T 5 /K 3 0K A
A0 o B3 17 7K 43 U8 2 2% I 5 B3 43 AL, T /0 i
Hikk CH, SR HER ™ . LI 2538 R R R K 43 4
B RS I CH, A1 N, O HERC R0 B 5, K 4345 BB X
T TR ECH, HER M2 T N,0 HEj, ix
5 AHN 2% HOU 27 B gu 45 1 — 3, 4% kb 3
CH, i 166 (i 1 B L 355 2 R ik 15 ) % 1 202
WFE W] CH, HEm (R B AE 5 R R [R], 7T B 2
PR T4 2 R 28 1 3 R A 30D R D D T K 2 A
PR SR A e 45 00 T BT R IR AR BR S i — 4
HT CH, BB, 23 T CH, KEHE .

IKAENE ] B ME Y, H DL NH, -N S 32
W i g 90% LU F A E A LA ME
WA SR R Z R LA . A B
R LB A A T B NH, N B R K SNV
U KG . CT.JG ,CK, 2 W] 35 /K 8 8 A5 1) T 1 1 43
NH, -N FUZR o] GE & i 7 /K A X ol 3 T+ 1
3B, A0 LR A BB, R A e % I %
Weo s e, AN AFAEH 0 ~60 em + 4
NH, N -3 5 fk Bl 2 4 J22 0% 58 534 o i 2 126 97 sk 20>
A R BR AN SR S I E S T R 2 N 2 O A
PRS2 75 2 2 00 2538 . 4% b B+ )2 £ 2 NO; -N
BRI LR I TR A I U I A, 7E 4 BE TG
&AL B4 L2 NOS -N & i £, il RE S i T4y
BETHT 01 7 4% 4k B0 39 A5 K 2, & 4 B TR R R 4 3R
B ORF TR o6 e AR, % T NOy N
KA AR EL S T R h T K R BE % AR 0
A5, A S B R 0 D I 1 T B X TR LA I
ORI, Bl NOS N B %5 2R R R AR L A W
iR,

SR XA AR ZR S SRR W3 S A TR

M), VR 4 2 TR B0 R 7= o 1 o A B, A U 2
2 CH, T N,O AUHE. AR R IR ES
WK WAL CH, HEMCR A 0 35 A OGP, HL 4y /K
WA 45 Ak P 4 3R 5 CH, HE il B AR 56 v 38
T R T I Ak B, T AE VR W) R R A 7 2 i
JEF IR IR Bk HE CH, R0, U 22 31 TR ka3 T 4%
b P O B 5 N0 HER AR OCHERN L K
VEWE A AL B CH, 52 FRUHE I 359 41K 5 0 4 o s v
AR FE LT N,O BB HE R B R R B A
BTN KRR A B R A AR TR R A B
& B K WA =X RB A 80a A0 e T L AR HE R
FEASYI ™ (1B T UCHE IR 2 R K RS 7 i
TRV AL G 2 M X B T A1 A 6 U 8 2 R R & K
B2 AR B o A B3 5 A IR A OB (GWP,) K
F, KR KG . JG  CI &b 3 43 51 4 CK &b B [ A%
24.98% 27.69% 24.06% , B 5% 3¢ BH 1 7K HE I 55 =X
PR A5 B0 RE A 800k 2% A I 5 000

4 #Hig

(1) AR [FVE BB X CH, F1 N,O HE (A
Fr sz, A F CK 4b#, KG JG . CI 4 B9 CH, HE
T WA AR 27 AT T ARG, T N, O HE il s {7 247 55 184 o #4
o CH, HE k(A 15 0 i K 3/ KG LG (CT
AR FE N, O HE il 4 /9 385 i R K 3] /MER IRl CTLKG |
JG 4b B,

(2) A HE WA X T A B 38 NH, -N SF 3 &
HAE0~20cm 20 ~40 cm 140 ~60 ecm + 2+ 2
TR BE 3G I si/N L 1 NOy -N P& 8Bk 1 CK &b
PRBE + )2 IR BE B0 G 0 Ak, oy 3 4> b 34 5 S
ARG #; CK L JG Fl CT 4b #EAE 1 4 48 NH, -N
B S BAE oy BE b A R BT AR B, KG b B
NH," -N & &2 £ 5 th SRR 4R 2 A 2L 2000, il
Ab 3R A+ 5 NO, -N 5 5 fre K AE Y BLAE 2 BE T .

(3) BRI S5 KA CH, HEsl & B 3%
A, 5 N,O MR 1A S AN B 355 25 b 3+
B NH, -N &5 CH, 1 N,0 HEjt = 52 1A 26, 1
+HE NO; -N & i 5 CH, fil N,O HE it W] oy 7 41
Ko

(4) 45 7KV WA = A ORI 7= o 7 1 0 R BB AT 8K
2% R % AUV . KG JG A1 CT g3y CH, R BRI
LT CK &3, 1 N,0 2Rk &% & T CK
Ab B E AR ROBE (45 Ab B CH, AT N,O 25 4 iR = 5%
N, 3 s K AR U AR B GWP #5¢ CK Ab LT [
3 (P <0.05) ; B ™ 5 1Y I % 800, KG L JG  CI
Ib 5y 5 8 CK ib P % I 24.98% | 27.69% Fil
24.06% .,
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