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Effects of Water Management on Greenhouse Gas Emission and
Soil Inorganic Nitrogen of Dry Direct Seeding Rice
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Abstract: In order to explore the effects of different water management schemes on greenhouse gas
emission and soil inorganic nitrogen of dry direct seeding rice in the cold black soil region, micro-area
test pits were used in the experiment. The effects of dry direct seeding rice on methane ( CH,) and
nitrous oxide (N,O) emission fluxes, global warming potential ( GWP) , global warming potential based
on yield (GWP ), the contents of ammonium nitrogen (NH, -N) and nitrate nitrogen (NO; -N) in 0 ~
60 cm soil profile were studied. The relationships among soil temperature in 0 ~20 ¢m soil layer, CH,
and N,O emission fluxes and content of NH, -N and NO, -N in 0 ~20 cm soil layer were analyzed. Four

treatments were set; flooded irrigation dry direct seeding rice (YH) , wet irrigation dry direct seeding rice
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(SH) , arid irrigation dry direct seeding rice (HH) and transplanting flooded rice (CK) , and CK as the
control. Results showed that the CH,and N, O emission fluxes in four treatments showed the trend from
increasing to decreasing, the CH, emission peak appeared in the jointing and booting stage, and N, O
emission peak appeared in the heading and flowering stage. The cumulative emission of CH,, GWP and
GWP, in four treatments from big to small were as follows: CK, YH, SH and HH, the cumulative
emission of N, O in four treatments from big to small were as follows; HH, SH, YH and CK. The changes
of NH, -N and NO, -N contents in CK, YH and SH were basically consistent in time and profile. In
terms of time, the peak of NH, -N content appeared in the middle tillering and the heading and flowering
stages, while the peak of NO, -N content appeared in the early tillering stage. In terms of soil profile, the
NH, -N and NO, -N content of CK, YH and SH were the highest in 20 ~ 40 cm and 40 ~ 60 cm soil
layers, respectively. The contents of NH, -N and NO, -N of HH were the highest in 40 ~60 ¢cm and 0 ~
20 cm soil layers, respectively. The NH," -N was the most important nitrogen source for CK and YH, and
NO, -N was the most important nitrogen source for SH and HH. The soil temperature of 5 cm, 10 cm,
15 em and 20 em soil layers (T, T,,, T,s and T,,) of four treatments showed the tendency that firstly
increased and then decreased. The T, T, T,s and T,, of CK, YH, SH and HH were positively
correlated with CH, emission flux and NH, -N content. In YH, the T, and T,, were positively correlated
with N, O emission flux and negatively correlated with NO, -N content. In SH and HH, the Ty, T,, and
T, were negatively correlated with N, O emission flux and positively correlated with NO; -N content. In
YH, SH and HH, the content of NH, -N was negatively correlated with the content of NO, -N. The
research results can provide theoretical basis for the mitigation of greenhouse effect and efficient use of
soil nitrogen in dry direct seeding paddy field in the black soil region of northeast China.

Key words: black soil region of Northeast China; dry direct seeding rice; gas emission; warming
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KA FLEM =S CO, CH,Fl N,0 4,
HEPAREENFERBEEAREEEZFTE, &
BRI 2 AN B s IR BB A [ O )R R Ak
L1 B2 BTG 3 45 Hh - B BT RE CHL R N, O
(1 4= 1K 39 J5L VK S B CO, 1 25 £ 1 298 4%,
Al B2 B A BR IR 2R M Y B HE AU, L HE
B R AR 17% ~32% 7, H oK RS R
HER i & Al I SO R e R 10.1%
I, BF SR B CH, AT N, O HE i #0  xh F i 2% 1L 25 2%
o7 R R AR 22 4 FLA B X,

VN R Ui RN S = N
AT B SRR R D7 ) B K AR SR i
o PR TN AR RN
BINFE LR NETHFEMNAA 50% ~80% K H T+
g7 R 90% LA BB A % LU HLIE S AELE, T
VEMIRESE AT 9 R EAUE S E S " LI
(KR 388 A K9 K R b B B A, NHL -N R 2 38
SRR E TR Oy 5 R A R
KW EIE LA S AEANFREZ S, A%
AR TR R RUK S T S R KRR TR ALA
AL R AE , 3R B 5 K AR K AR L, 5 376 KR DA
NO, -N 2 32 B RUUR , I A6 1E % A K A 4 v 1

Fed . B SE BEE T R RO A 1F T KRS A K
AR AR, 2 B [B) BROBEIE T -3 NO; -N & &8 i K
FHKHEME . HAT, & TFRH CH, A1 N,O HEBHATFFE
FEASTR A, F2 B AR e /KRS b K IE A8 B A A X
S5 AR, SR R K R A b, R
BRI CH HE A T 18% 7 L AR K
AL T 18 38 B R A 1Y K FE BE B3 R R CH, ik
B o B K AR A R TR IR
W R AU X A I AR HE R LAY e A
AEEE AR R, R, PR IR E S CH, A
N,O AYHERL 3 NH, -N 5 NO; -N 7= 4 5561k i)
MXRXREAEEZE L, HAr, 74ty %€ B + X
AR K 438 FR G 5 A% K RS CH, A1 N, O Hifige 35
NH," -N 1 NO; -N & 5 (5w 4 /0 | ity LA 55 52 4%
e FH 4= 398 9 BE X0 CH, F1 N, O HE it . 1= 4% NH, -N F0I
NO, -N 5 f i AH SR 52 i i A 38

I, A SCAA LB+ X 4R 00 Je IR RE 3 5k
i oA ik 56 A1 Rt X 5 B K RS R = SR CH,
N, OHE il & | 4 BRI IR T 34 L LA™ i O o 1 42 Bk
B34 .0 ~ 60 em + 455 i NH, -N Fl NO; -N & &
A8 Akt B HEA TR ST, 40T 0 ~ 20 em 4 2 + 3R
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L1 G HER

BT 2019 4EFE A T ROV AR &b K% &
V- HE DX P22 ] G T X 90 B 5 0l (46°52741"N,
127°30'4"E) #£47 . % Hlim 3k T 5 — RBUR AT 556 =
Rl AT Z 1), Ja 1 J€ Al Rl M 22 XU, Z24F 1
AR 2. 5°C, ZAEF- B FT 5 550 mm  AEYIK A K
#1156 ~ 171 d, FH IR 128 d, k56 X 8 T i
RUFEH R L0 A X, A PR R ARDR AR £, &
HEZRH 1.01 g/em’ , FLBRJE 61.8% ,pH {f 6.45, 1ty
& AKES50% , ISR Ty (B it ) o A
ML 41.8 ¢/kg 4R 15.06 g/kg . 45 15.23 ¢/kg .,
48020011 g/kg ., BE AL B 112.06 meg/kg ., FH 3
36.22 mg/keg FIUHH A 198. 29 mg/ke,

1.2 RIigit

I AT #% 2l 2 FR M A A IS B (I g i AR
2m x2m) PgEAy, i 4 b R
(YH) ¥ 5 E#% (SH) (B4 5 i #F (HH) A L
B HE (CK) AL 2, B> ab P 3 e &2, 3t 12 4>
Mg KA A Rl e KRS 3 5. YH SH HH
Ab BRI R T TR, T 2019 4E 5 A 7 H &M, 4
710 ~ 12 f7, 9 10 em, fT[E]FE 10 ¢cm + 26 cm +
10 em CK 4b PR FON AR B, S B mp ] g 5 25
H B B 9 A7 30 em, BREE 13 em, AN [A) 40 21
IKFESAE BT BOK ST BILER 1, AHEKE
0 A 7 I B DAL 1 398 % 7K 39 o T /K I ) 1
K, FENT K E I A B B LAK 2 IR B O 5 1 48 b
B 7 HE K IR ) 0 K i A& A BRSO
110 kg/hm* | % BESLAE 43 BEAD A 2608 4 46 I8 L 451

®1 TEVBAEBEEENRKSEERFTE

Tab.1 Water management schemes for different treatments of rice at different growth stages

AbFE I (EGR ) 53 BE T 43 BE T 43 BEAR ) PR AL IT 261 L
CK 30 ~40 mm 20 ~45 mm 20 ~45 mm Hifg [ 20 ~45 mm 45 ~85 mm 15 ~45 mm
YH (80% ~100% )6, 30 ~50 mm 30 ~50 mm g 1 30 ~50 mm 30 ~50 mm 20 ~50 mm

SH  (80% ~100% )6, (85% ~100% )0, (85% ~100% )9, (60% ~100% )6, (85% ~100% )6, (85% ~100% )0, (70% ~100% )8,

HH (80% ~100% )6, (60% ~85% )60, (60% ~85% )6,

(45% ~85% )0,

(60% ~85% )6, (60% ~85% )6, (55% ~85% )0,

10, H AT KK

9 4.5:2: 15 243t 5 Bl I it P ik 45 ke/hm® AR Sy 5
FE— A it A 5 0 A e T £ 80 kg/hm®, 32 BEJE AR 2
FENE LA 10 14306 2 Yo 2019 4E 9 H 29 H ik,
1.3 MEEKRSH*E
3.1 MRE R4 S

R FHON T 0 25 5 A 0 DR SR A AR B S A
Y TO0 A6 1 475 00 JEG A8 9 98 2 4L IR o S 45 S 6 T
BAAT 58 3 om YR 3 om (085 BRI T SR BE A 5 AN
W, WA S mm (A HLBE R AR R, 46 A
LRI 2 em BMEAR I 1 JZERGE, DL/ SRS )
PR T A BE A 5 5 1 R AR R R AL, K R AR BRI
K TR A6 & 60 om, 4 B S WISk M0 T4 &
110 em, T4 00 T # ARS8, R AN
20 em , SRAG AR I E H 0 IR, 5 I Ay A
Sk 23 B34 B R ARAR A5 S T B 4 (50 mL) o T 4R B
R (ET) J3BER I (MT) 43 BERII (LT) 45 1 22
I (JB) AR SF A6 10 (HF ) AnZL 20009 (M) SR 4 45
A FRARRE . A AL FE AR I FE 0,10 .20 .30 min
I SR AE , R ABERT ] S 10:00—11:00,

MR B SR 4 6538 AX (8 GC — 2010Plus
B H A FEh RN GE . CH, vk BE G I iR &L
W B TAS I 2% (FID) N, O A fA vk JiE 46 30 i 5 T vl
TFAHARAG I 28 (ECD) o ARk ik KRR A

PRI CHOAN N, O #3220y
273 de
273 + T dt

A F——CH, 5% N,0 fFji i, pg/(m”-h)
p—CH, 5 N,0 fEFRiER S T % 3 kg/m’
h——RAER A A m
T——RAEAE N IR, C
de/di—— R AL B h CH, 5 N, O ¥ £ 25 1k

F,ul/(m'+h)
A RS IR VSRR A B 3 R

F=p (1)

GWP =25F, +298F,, (2)
cwp, =P (3)
! Y

Horp Fow, = Fyen, T, (4)

Fyo=F0T, (5)

X GWP——CH, I N, O % HE i &2 42 BR A W2 v

# kg/hm’

Foo,— KR4 E 78 CH, 2R,
kg/hm*

Foo— K2 FH N, 0 Rk &,
kg/hm’

FACHA'7J($‘§é§5§/ﬂ£ CH, - ¥ HE i &2,
mg/(m’-h)



308 &l #Hl

M 2= 2021 4

Foo— K2 EFT W N, 0 P =,
pg/(m*-h)
T,— K Ee4EEHEAK  h
GWP,—— L7 1 S B i (1) 4 BR 25 18 v 45,
kg/kg
Y—— 77 & kg/hm’
1.3.2 3 NH, -N F1 NO, -N & &

KR 43 BE W & 2L AN, R B TR A5 A B
DT e IR ST TR B4 23 TR I FF B I BT RS A
WORE R, ICFETR B2 0 ~ 60 em, AR 73 2 0 ~
20 cm 20 ~40 cm 40 ~ 60 cm, U 0487 6+ RE A
VKA PR AF . BHERE S 1 mol/L S04k B %5 W iR
P&, IF08 1 % 22 9 50 43 H7 AX ( Seal Analytical GmbH,
T, R 0.001) Il % £ 3 h NH, -N F1 NO, -N
T P EAR R

cv

winy =< (6)
At W(N)— £ b NH, N 5% NO; N
b, mg/kg

C—— = PRV W T it Ve, mg/ L
V—R AR WA, mL
m—— 3, g

1.3.3 MR E

FFAT ST HEERE S 10 .15 .20 em HE 35 i 45 1 IR
THCHY =1 A 3l g 08I0 M K A 32E A 73 BE A T 1R &2
FLAMIZE A, B0 5 d ORI — Yk, I B 2 Sk g R
08:00.,12:00,18:00, { HAF- B AR H -3 + 56R
BORE 5.10,15.20 cm R E AL T, T, -
T Ty FRR) o
1.3.4 &

BRI HTI 9 AR AR, 28 Bt I8 LT 5 0 2 7K
FEAE PR AR A7 RUCRE AR FREORE B0 L 285 S R T il i
R LNVt o
1.4 HELEFE

P A 8 hn 2ok F 2 {E . >R FH Microsoft Excel
2010 X 50 54 E 1740 20 Ab #2, ] Origin 9. 0 #E47
281, F] SPSS 22. 0 i#FAT i R4 #, 2 1 LR H
LSD ¥, i 2 /KL 0. 05, F R 4. 0. 3 #4474
KM,

2 H#REHH

2.1 F[E4HE CH,# N,O HEF4F1E
2.1.1 CH, AL R AE

Alh A PR Bl = AR B CH 2 KA Y e ) o 22
SRR > CH, HETC, A B T fif P 4 Bk 18 55 )
B LB R RN TR R R Ak ] 25 5

W (P <0.05), F[F) Al %0, A A A3 A5 H CH, HE
AR VT IR AR R e, 4 b BRAE 4y BE A I
CH, HE i 24 4b T B AR K Y, 43 BE R ) 2 il A 5 48
1, CH, HEAC I 4 17 58 = K o 80T 42 8 400 4% Ak
CH, HE 7% it 3k 81 5 =0, YH (SH (HH 4b #4351 %% CK
Rb PR 2 A 43.71% . 60.33% . 74.89% (P <
0.05) . HlFEJFAEI 2R 2UH , AL PR CH, HEK
B, BRI YH 5 CK &3] CH, R & 22
SAREE(P>0.05) 5, A& LT B B LG
HCH, HEp Y B E LT CK Zb 3, H 4b B [H] 22 5%
W% (P<0.05), 4T N B CH,HEM & B K]/
BIMRK A CK YH SH HH , % 3% W i 7K o 8 25 5 3
Fer FH CH, HE ik 52 38 , 1 5~ 490 b R K A A R T B
RFEH CH, HEL .

E=SH

SHH

K1 R AR BERE M CH, HE il &
Fig.1 CH, emission in paddy fields under different

treatments

2.1.2  N,O HFur 28 ALk

N,O R H AR RS —Fh 20 %= K,
TE A BRI 5 Ak 0 PR % E Y. R R 4 3
N, OHE i 2 Je 38 n J5 B i A2 fb s 5 (18 2) o 43
BERT I 25 40 B N, O HF ik ab 7 BAR K-, it 1 BE
NEJG , 4% 40 FRAE 43 BE 300 B0 — A/ 0 HE ik i
W, FHEERFAE W), &40 H N,O HEi Bk a4 F W
K ,YH SH #l HH 4t # N, O HEjk &= 4 % 3¢ CK
A BRI 51.03.57.99 .71.35 pg/(m’-h), % 5%
(P <0.05), %EFH B N,0 HEk it K3
MR HH (SH  YH | CK, i & W] 5 & # Fh 48 7K
FEPE PEAE B N, O HEBC, th 3 B £ 58 5 K SO AIC, A5
FH N,O FEHCRE ) i
2.2 AEAE CH,# N,O BEXRMN

H % 2 WAL, 25 Ab 3 CH, 2R & KT N, 0
SRR R, X R IR = AR CH X 2 Bk A28 1k
F) BT RR R KT N,O0, WK FE AL 3 %) CH, B
Hek i % w FHm G KZEA, 5 CK 4 H# A
I, YH SH HH 4t 3 CH, 2 B HE i & 55 5 B A%
22.23% 49.25% 71.64% , YH SH I HH kbt #f
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1600 ok . 61.64% ,iXF W YH F1 SH 4b B /K 5 78 ffHIF 7= & 1Y
N T A B A 3 328007
- 120 XNWHH
% 100 2.3 FEAELHE NH, N #1 NO; -N & BTISE
% 80 2.3.1 38 NH, -N % A8k F
§ 60 M & 3a Al A1, 7£ 0 ~20 em + )2 ,CK . YH SH 4b
=k HENH, N Ak 52 MO A {38 17 FH b3 22 5
o ANTEN. RN N N WA 19 28 RS 95, 5Y BTN, 45 4h B NH, N
AL AL T RARAKF o 4y BET ), KR 4 BERE 5% , %7K 4

2 R[FALSFERH N, O i

Fig.2  N,O emission in paddy fields under different

treatments

F2 AELECH,5N,O ZRHMEFIEEES
Tab.2 Cumulative emissions of CH, and N,O, and

warming potential under different treatments
CH,E N,0 &
POBEE 3/ STV 5/ §1i 4 . .
_ (kg-hm *) (kg-hm ™) (kg-kg™")
(kg-hm %) (kg-hm %)
CK 1263.31*  1.02"

PR/ cwp/ GwP,/

8160. 11" 31886.58" 3.91°

YH  982.48" 2.04*  7860.89" 25171.00" 3.20"
SH  641.07° 2.33*  7712.00" 16719.73¢ 2.17¢
HH  358.22¢ 2.63"  6483.17° 9740.15" 1.50¢

VE ¢ ] — SUBCR R R NG R R 7 5% KT b 2% 5 .
R,
N, O Z BUHE &= 43 5l B8 CK 4L ¥ 38 Jm 1,02, 1. 31,
1.61 kg/hm® , 33 3 W 47 B o5 V8 /K A5 A ) T B AR A T
N,0 ZFUHEL & o

CH, #1 N,O 7£ 100 4Eif [a] )REE |-, L CO,/E N
SH SR (GWP =1 kg/hm®) 43 515K 1 k% €O,
W, PR MR O A R R iR 2 T
HL,CK Zb 3 GWP & 3% & T H e 4, YH SH il
HH At B GWP 4y 3% CK &b BEFEAL T 6 715.58 .
15 166. 85 .22 146. 43 kg/hm® | 3x 32 B 52 B 45 A A 7k
FARE @ 25 PR AR IR E A0 . CK Ab P 7= & e K, K
8 160. 11 kg/hm* ,YH SH I HH b4 5% CK b3
O REAE 3.67% .5.49% 1 20.55% (P <0.05),
CK b ¥R GWP 5,k 3.91 kg/kg, YH . SH F1 HH
b B 43 I 85 CK AR FRFE AR T 18.16% ,44.50% A

5~
Z2CK B8YH ESH N\NHH

(i8] W L

BRSFER (g - kg ™)

(=4

HEHEHB
(a) 0~20 cm

5_
ZCK B&YH E=sH NNHH

AHHB
(b) 20~40 cm

FIFE A (R SR i, B E i 4 BE AR, (453 CK YH |
SH 43 NH, -N & ik 255 1 Mg fH, 5 CK 43
AHEL, YH Zh ¥R NH, -N &3 17. 48% , 1fii SH I
D T7.55% o S EERIK R HEAT PEBEMY 1, 13 R )2
W AHE AR NHY & A S AR RO 580 NH -N %7
R, IAETTEI KR A A KB AED
Tt IR 3 (45 4 A0 B NH, -N 55 Bk )5 2 S0
8,5 CK b3 A6 [, YH 4b 38 3 hn 14.0% , SH Al
HH 4k 3 43 5] 58 25 FE AR 14.51% F1 23.15% (P <
0.05), CK.SH HH &b ¥ 7E 2L #4 NH, -N & & 4%
AR AE N B, i YH A B T, A% b A
20 ~40 cm 140 ~60 em + )2 NH, -N & & 45 fb #i A
50 ~20 em +2EEAR—F (K 3b.3¢),

M0 ~60 em + 8] H A, NH, -N $#47 1IF f
o, W 5 07 LA 19— A9 e A T R BFF 1) 2 A 4
THRE S, £ HEOR R 7 X 55 3L R 5%
T2 S YH SH CK Zh B4 + 2 NH, -N & &
AR /NIEARFEH N 20 ~40 cm .0 ~ 20 cm 40 ~
60 cm, i HH &b ¥ iy K F] /N R B K 40 ~60 cm 20 ~
40 cm 0 ~20 cm, FpEEHI F FL 2N, CK b3 4 1
)z NH," -N &4 4k o 2 F- 42, i YH SH HH &b 3
At %, YH SH CK b ¥4+ )22 NH-N &
5 i IR 2 D) AH O it B =22 5 i A R LS R
BEAIG, Pk NH,-N 55 3 (19 0 {6 0 501 s B0 76 Jite 7y BE
JIEL 55 19 4 B3 v 301 00 it A A J 1% il A O AE 0
2.3.2 4 NO, -N & &AL FRE

K 4a ATHI,7E 0 ~20 cm 1+ )2, YH . CK Ak 3
NO; -N 75 i 52 75 7 B A1 19 25 fb B %5 SH 4b 3 NO, -N

5

2 CK 88YH EESH \NHH

AHHE
(c) 40~60 cm

K3 AFLJZ8 NH-N &5

Fig.3 NH, -N content in different soil layers
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B SR RRARUS TR R AR A AR A A, HH b 2R
NO, -N & & 5 56 7 & )5 B AR 7 7 o 19 28 4k 3
YH CK Ab37E 7 BEFT ] 13 NO, -N S il 24 F
WHe K, YH AbPEAS CK Ab I 33 i 37.99% (P <
0.05) . A3 BEH M2 K ff 8 77 A8 K B B B, XA
ZToREHE, YH SH CK 4 F NO; -N & £ 45 4> 4
A & A2 R IR AR . 40 BEARH , HH 4038 NO, -N %

(b) 20~40 cm

ik 24 B & K, HH &b 34 CK 4b 3 3% fin
41. 41 mg/kg AR 2 FEIY), SH AL FE NOJ -N £ it ik
4 B W OB &, SH 4D A CK kb B OBS
12.51 mg/kg FlAEIT £ 30 2= FL 240, YH (SH . CK 4b
BENOy -N 5 B W AR 100 FH KR B 9 2%
Ab PRAE 20 ~ 40 cm F140 ~60 cm + )2 NO, -N & 575
RS 0 ~20 em £ 2 HEA —F (Kl 4b 4c)

T o/ (mg kg™

s

(c) 40~60 cm

B4 KR L2 NO, N i

Fig.4 NO; -N content in different soil layers

MO ~60 cm HHEF M A, NO, -N #7447 1
7, AN 23 W B0 A A L SRR BT R, B S T
K A% Ty BEK 53 R GE # B b HETRAL X AT YH
SH.CK 4 H 4% + )2 NO; -N & & il RE/NIEA |3
K 40 ~60 ¢cm .20 ~40 cm .0 ~20 cm, i HH &b 3
HARE/PNEIH N0 ~20 ¢cm .20 ~40 ¢cm 40 ~ 60 cm,
SYBERTHA 2 FLAV , YH CK 23 4% + 2 NO, -N %
AR TR i SH UHH &b 3R AR Ak o B 58 20
2.3.3 14 NH, -N F1 NO, -N -3 & 28 b R 1iE

13 3 AT, o BE R 2= FL AU, YH AR FRAE O ~
20 em 20 ~40 c¢cm #1140 ~60 cm + 2 NH," -N 3 it
& o B CK 4b #44 m 0. 34 0. 55.0. 28 mg/kg,
M SH Fil HH 4t #7E 0 ~20 ¢cm .20 ~ 40 cm Fl 40 ~
60 cm )7 NH, -N - 25 & & 73 5l 55 CK Ak B B %
7.45% . 19.15% , 4.12% ., 16.84% , 4.62% .
10. 84% . 25 W], W /K B WEK R AR T4 ey L 1
fit NH, -N /KF, b NH,-N & YH b B3 45 32
IR, AR W 5 K RO, 5 R KR

%3 SLENH/-NFTNO;-NEHEE(REL)
Tab.3 Average contents of NH,”-N and NO, -N

in different soil layers mg/kg
THLA ) +JZ%)E/em

4b F

E317 0~20 20 ~ 40 40 ~ 60

CK 2.93" 2.92" 2.82"

YH 3.27° 3.47° 3.10°

NH/ -N SH 2.71° 2.80" 2. 68"

HH 2.37¢ 2.43¢ 2.51°

CK 5.571 6.47" 7. 60"

YH 8.22° 9.88¢ 12. 03¢

NOy -N SH 12. 65" 13. 82" 16. 26"

HH 37.35¢ 33.34° 26.92°

NH, -N 7K - A% .

S BERTIN E LU, 7E 0 ~20 ¢cm 20 ~ 40 cm Al
40 ~60 cm 12, HH 4 #f NO, -N 1 i &= Lt 43 31l
i CK i 4 in 31.78 ,26. 87 .19. 32 mg/kg, SH 4b
P NO, -N 7 i & b 43 0l 48 CK &b B 34 T 7. 08
7.35 8.66 mg/kg, YH 4b 3 NO; -N F 5 & &% CK
Qb BRSS9 47.50% ,52. 63% Fi 58.28% ., 4
T W], B E AR KR A R T I E NOS -N K
e, A HE SR R, A AT L NOS-N S &
Hem,
2.4 AEAELERETHISE

B 5 M ARALFERS I 5.10 .15 .20 em + )2 + 4%
TREARL . A 4 )2 45 A0 B A SR B Y e B Se T
Ja B AR A R g, % 1 2 T B AR 43 BE AR I RR T
ZEFEIIAL T8 K P 3 3R WY AT - IR R AR AR
BEREMEH, £ 5 ecm + )2, SH HH 4b 3 45 BE A
WZFT A SR EY & T CK A, il 8
IKIZHEBERT S em 1 2R AR B, 72 10 em +
JZ,CK b3 25 A5 F By Br -8R ¥ T YH SH
HH 4B, 53 26 I3 B K FE X 10 em 2 3830 BCR
FEHE AR, CK.YH SH 4% 10 .15 20 cm + 2
B KB/ R R 10,15 .20 em 2, X R B
T T, T R R A
2.5 MHEXMESH

¥ 6 2 CK.YH SH HH &b #ll % f% 5.10 15,
20 cm + 2 R 5H 0 ~20 em 42 13 NH, -N
FINO, -N F it LA K CH, A1 N, O HE il i ) A D& P 43
Bro &b 3 CH HEik & 5 1. T, T . Ty 2 IEAH
PE,H PS4 CH, 5 T, MR B R, 5 T
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2CK BEYH ESHa Y HH

_ a
- ab
N :

THER L/

L
(a)5em + 2
w2 CK BB YH

TR R

LB M
(¢)15em +)2

2CK BRYH ESSH WHH

THEREC

ET T LT 1B HF M
HEBHB
(b) 10 em + 2
30F zCK B&YH ESH NNHH

E/C

THER S

AHEHEB
(d) 20 em + 2

(SIRIN NIl 52 I 55= 7793

Fig. 5

(a) CKAbH

(c) SHAbFH

Changes of soil temperature under different treatments

(b) YH4bFH

NH;-N

CH,

(d) HHAb !

K6 ARSI B K

Fig.6 Thermodynamic diagrams of correlation analysis

A R BN, R IR 2R EE R 0, R X CH, HE
BOESZ R K . CK 4P N,O k&5 T Ty, . T)s
Ty 5 IEAHSC4E ; YH ARFY N, O Hejf it 5 7, (T, 5 IF
FACHE T 5 Ty Ty 52 AR G SH AL B N, O HEdik
wY TR, S T T, T 5 A et
HH 43 N,O HEi &5 T5 Ty Ti5 T,y T A R ME
M E KR EAL, LR X N, O HEAk i 52 m
R

KAbFE NH, N G5 Ty Ty Ty Toy ' IE AR

P, Horh YH (SH HH 4R PR NH,-N &4 5 T, 98 ¢
R, 5 TR O R 80/, X R W 7E 52 R
KR R A b 2B R, B NH,-N S B IR
MK, CK AR B NOJ -N & ig 5 T T, . T\5 . Ty
EAAMEHE; YH AL BE NOy -N S5 T, . T)5 T &2
TR SRE, M5 TR A SCE ; SH HH 2L 3 NO, -N
HEE T T T T B IER M, b NOJ -N &
w5 TR R B R,5 T MR B AR, XKW
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IR

2021 4

ANHEEST K ZE B KRS, L2, £ X NOy -N
o E R M N

FHALE NH, -N & i 5 NOy -N & 7t &2 1 4 ¢
ML DL CK A B 67 A OGP S5 K, 2% B 4 A 1
AR NH,-N 5 NO,-N WK X R%H Y, &4 5
CH, FI N,O Py HEA & 2 EAH G, Forf CK O YH b3
KRB, R KT, CHR N, O HEjik

3 itig
AHT A5 CH AN, O /9 T B HE IR Z — 3 42
R 2 8O0 TTHR R, A T AR 25 AR el 2 AR o

To B L AP R A B P AW B, CK
AbFE CH, HEB &N 21,42 ~67.57 mg/(m’ -h) , T %
b3 CH, HERCRE Yy 4. 04 ~38.04 mg/ (m®+h) , 3 W 4 Bk
T HE ) K RS R 7 SRR i CHL B Ty i o AN ) b B
CH, HE il e {8 3 B0 7 3815 20 R 30T, X 0 T 7 40 B
A5 b B A HE B K AL HL I AL F R K R AR
A, RS AR, 5 EL R L T R 0
B R CH, 6 1, 66 A9 R L CH, 7= A i
1, 29T 2 R0 45 b RS 1L A2 K, (45 CH, K B B
W, x5 R4 Y A CH HEHCTE 56 R 3k fe K
(BB ST 25 AN — B, JRLA AT R iy T 41T 22 Rl
Jit JIn R A A A A AE B R Y CH, R HE i . I8
/Uit T Tk 2 AU HE I I B R R 08 B K R 7
5 BEAE P GWP g T iy b V- i 4 FH i 28 5% 0 N 22
FRsY . 5 AR R VML, A BE 5T 5
W GWP R GWP ¥ 4b F 48 i K OF, B AT BE 2
CH, 2R3 & B CH,AHX T CO, 19 Y4 255
BEK, 3 U6 B RS L 2 UM CH, AN, O HEC R 80y
TR 2 AN Bt 2 R ) A
HK RG240 KBRAR WP, LUk 515 A W HE 1 H
RERKBEREENF IS CRZ —, KFEEA]
ELIEW UL IE B 74 NH, , da] B3k i g 7 48
NO, , Wz Wi 48038 1 A KRG A PR AR PR 728 pl 45 B
EEAMREN 2R S AL AW . AT R,
SrEERT I, YH SH CK Ab BE 45 2 + 5 NO, -N & &
PR e, X B e i [y Bt YH  SH  CK &b B /K &5 Xt
NO; -N By W i 3R AL, 45 NOS -N K& R
B KRS I AR K & T, KR R P il R 3 D il 3% 7
=, KR X NOy =N B I 50 R 3 Ak, X NO;y -N
(055 SRt 25 38 i, X 43 YH SH  CK b Hi AN E F
WIP945 12 NOy -N 75 8 2 IR 5L B IR A AR fb ke #45
ARRFIEEE R, YH SH CK b ¥4 + )2 NH, -N
SRYFEMR KL 20 ~40 em 5,0 ~20 em K2,

40 ~60 cm Feflk,ix 5 A EE AL WFFSAE 0 ~80 em £
JZH NH, =N 5 55 i - 2 0% B A0 384 i sk ) 1 &5
ANGE 4 — 3, 3 T RE A T 2 2 Bk 1 ORI
NH,” @K )~ 2 8, ffi 15 20 ~ 40 cm
42 NH, -N & H##350 ~20 cm +J2 8. —IARHK
Fed o LAY 11 5 B VR W), R 5 A WE /K PR B b 1% K e LA
W AR B A B NH,-N O 32, CK L YH 4b B 4%+ 2
NH, -N E¥ &85 T SH O HH 4b B, 3 38 W ¥ 7k
ZAFF NH, -N 2K R A AR . 5 3% Ak B A
2% 12 NO, -NF ¥ & il K2 /MRy HH SH
YH, X 3% 0 4 38 5 /K R AR Y 52 G KA B A R
F £ 4E NO, -N & &,

+3E NH, -N Fl NO,; -N (7= 554k R %S
& CH, 1 N,O By HE R 5 - 558 G2 W 9 26 Ak i
FEUIAHC o A A 9 B 1 AR AR X - R W 1 T
P A YRR B | B B A A ] 4
(A5 o 2R FHAS [) (1 7K e oAy XK 4345 3 7 6
P 5 B M B o AR Ak, HE T S R AR S R S
AR I 5E & B, SH b ¥R N,O HEjik e 5 1, .7, . T
EHACHE  HH 3 N0 {5 T, T, . T\5 . T,
AR SV, X U6 K A BRI, R K A
FH 30 X N, O HEfC i 2 i kR, SH HH 4b B8
NO, -N &5 Ty T,y Tys Toy 22 IEAH K, T CK 4b
B NO, -N & f 5 F 50 R 2 00ROk 4 FLE A
AIfEJE SH O HH &b ¥ + 558 <M A 4 8 B 48 v,
45 - 48 e 1 S k200 R T T SRR A b A0 T O
R B Ak 40 B I A S e Je A R B - 1
hAZIES KA1, NOS-N &= T, AT
+ e HR ] A7 AE NH, -N AT NO, -N 19 AH B 554k 5 5
i, HHEh NH, -N 283 i £ A F 3 4 i NO; =N, AH
JJ5 T B NOy -N 2838 J5 A 6 Ak il NH, -N, A
FEA% W ek NH, -N F1 NO, -N fEfE Ml K K &,
Ul B 38 7 - 3 v S W R AT 25 A B TR] I AR RN
EHBIH KBTI R,

4 it

(1) &4 HE CH, A N, O HEjic i 1 52 Je 38 5 F
R R H . 55 1l B o 9 K RS A 1L, 5 B R K A
AF T BEARFT B OCH, HE A i, H A )T R AR A H
N, Ok o 440 GWP Fl GWP, Hi K B /N E) % 8
Jy CK . YH SH HH, 15 W] 5 1 #% /K A5 B AR 1 A8 H R
TR I HE SR B

(2) % 4b#E 14 NH, -N Fil NO, -N & #7£ 0 ~
20 cm 20 ~ 40 cm .40 ~ 60 cm 1 )22 fk A — 2,
FEE ARG RS NH,-N 5 5 0 {5 3 307 23 BE vb 40 A
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