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Simulation of N,O Emission from Sloped Peanut Field on Red Soil
Based on DNDC Model

ZHAO Liwen'? ZUO Jichao' NIE Xiaofei' LIU Shiyu> XIAO Guobin’® ZHENG Haijin'
(1. Jiangxi Academy of Water Science and Engineering, Nanchang 330029, China
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3. Jiangxi Institute of Red Soil and Germplasm Resources, Nanchang 330046, China)

Abstract; To explore the applicability of the DNDC model in simulating N, O emission from red soil slope
farmland, two tillage treatments ( conventional tillage and no-tillage) were set up for peanut field in
northern Jiangxi Province. Field in-situ observation experiments of N,0 emission were carried out for
three consecutive years (2019—2021) by static box — gas chromatography to study the characteristics of
N,O emission and the simulation effect of DNDC model under different tillage treatments. The results
showed that the DNDC model had a good simulation effect on soil temperature in 0 ~ 10 cm ( the
correlation coefficient r was 0. 86 ~0. 87) and crop yield (r was 0. 90) under different tillage treatments.
The model could effectively simulate the fluctuation of N,O emission which caused by fertilization and
rainfall during peanut season, as well as the peak of N,O emission under conventional tillage. However,
this model would underestimate the N, O emission peak and its total amount to some extent under no-
tillage, and had a smaller response to rainfall which was below 16 mm. Soil pH value and fertilization
amount had the greatest impact on N,0O emissions from sloped peanut field on red soil. Rainfall, soil
organic carbon and clay content were also important factors affecting N,0 emissions. According to
simulate N, O emission and peanut yield under different amount of fertilizer application in 2019, it was

found that the application amount of nitrogen fertilizer should not be less than 76. 54 kg/hm” | and should
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not exceed 106. 78 kg/hm”. The research results can provide theoretical basis for optimizing crop planting

and reducing agricultural greenhouse gas emission in red soil slope farmland.

Key words: sloped peanut field on red soil; N,0O; conventional tillage; no-tillage; DNDC model

0 5

AALTE A (N,0) ALY T ki (CO, ) F1H
B (CH,) W88 = R = AU, B IR #2028 CO,
() 298 {75, X FREE MM K . FHE N,O [ 6%
RS O, (1 Mk BE F o0 A, IR B4R E o itk Ab,
VU ZE AR E N, O Rl Al 7= AR B Y, 21k R
I J T RS R, i — 2B R R R R T . L 4R
2 NFIGE L, 25 S0P N, O e B R AR .
gk N, O HEB R = 29 5 N N, O HE i R = Y
66% , HLLA< AR R it FH o 35 B4R . BF g &
W, 3 Al AT 1 26 77 380 I, it A 338 1) /IS
2130% WA B WU, 3T 172 LB DL R 2R 0
e I, AR A FONL O HE Tl R A A A FR
B 1) it B e Je A AR R 1 A By, A T 4R s AUIE A
FH2 A6 4R g2 R 2 0l ok & BEAE W, 2018—
2021 4F 38 [ Fh A 1 FH (4. 62 x 10° ~ 4. 80 x 10° hm*)
Freg (1.73 x 107 ~1.83 x 107 t) # Bt 7 & 7 o
A 7 2T 48 e e X R E S el A X, DR [
36% 9 BF 1T AL T AT 12 SR R B AR AR
Wt R X GRS TR K, B B L T B
KMz R LD pH AR E 3R R
FRAH AL SN R, B N, O HElc S i TR L
Wb s AR R g e e, X R
LU Y AE A 1 N, O HE A7 0 5, A A T 38 1= g
T Y Al 28 55 55 R A R I R R

iz I TE) 3 A 7 R R A I N, O HE e B A
T B K EE I A A ) R g o RS
5508 T, A A5 0 B PRI EG B AR 75 B AN [6] 31 5% 2% 1 Ak
P B 2R A A A R e A B R AT g
DNDC # % ( Denitrification-decomposition model ) 5
LRI 55 1 B 2 B M ER Al 2 B 22— Py b
Fis iz R AT T RE A H N, O HE i ) #2240 iF
9% TEACH 57 N, O HEB B AL b %8 AU e AR 47 Hh
R FLRRARIR B0 F A4 FN, O HERL , 15 5k E 4 b 3%
A H N,O HF B A 6%, B AR 2 it & i
e/ b AV A FH S e A 45— BB SAy R R 1) A Ak B
AR UK B A BT AR 1M ik, DNDC £
AUy — 2D 0 5 ek o A, 7E A4 BN, O HEjik
R4 DNDC B 21 58 3 A6 A= Hb N, O HE T35 i) A5
AL LRI 5T 0 A DL AR IE o

YT, Ak — 98 DNDC B R 75 B 7 41 38

il

el X0 A T AT P, A SC iz it AL 20 8 SR 3 A8 2E
Hi 2019—2021 4EHFAE 4 BE Ik 72 55 RE | 43—
B XU AR R R BB AIAR TN, O i & 3 A
% DNDC R, iz FA 56 Je (9 455 R A0 70 A7 21 38 52
WeAEE M N, O HE Ay 32 2852 ma R 3% 5 A [m) i AC
N, O HERCRIAE A 7= 4, Oy DNDC R e g 7
ZUHE e b XA N 5 e AR AT 45 2 %, OF 203
Wb B A DA Rl AL D A 98020 ARl L 3 MR i
S5 PR LIS AR A

1 HBSHE

1.1 IR #EER

JE L g v VA R 3 W W = 3 3 3 S P
KA RE A S B FE (29°16737" ~29°17'40"N,
115°42'38" ~115°43'06"E ) el [X i &b 37 #4747 78 ¥
o AR X, A 4 B TR 5 1 436. 8 mm (2001—2018
), EEENLE 48 [, AR BRI 56.5% ~
69.0% ; % 4F F B S0 16.7°C, ZAE 4 1/ W
249 d 4 H JBEI %L 1700 ~2 100 h; i 30 ~ 100 m,
W pg 5° ~25°; R IERA EEOME UL A EBR L&
BRILLHE, R E 558 X b A 76 BH 9 3 5 R PH 18
X, BB b A A SR v, EERAEY b A GRS, —
FBER B3 i A o 2 XA T R 20 A vt A
Ho B FRAE SRR R TE R Jr 40 e B X
AT SRR R R, 2019 AE4E AP T, IR X 0 ~
20em + 2 HEAVE A TR (REL) 5
4 13.03.0. 71.0. 15 g/ kg, Bl i 20 | 3 50 06 55 20
Bk 60.32.2.29 mg/kg, pH {E Ky 5. 47, K ki #5 kL
A RL 5 (5T & 53 %) 73 51 0 33.26% \54. 07 % F
12.67% , J@ b Jon 26 4 4= (L) o
1.2 Kigit

I WL AE K x 954 20 m x5 m AR /N X Y
HEAT 3R S 8° AR 3R VLV K 4 e Bk b ke B L ik
B E 2 FAb R, o3 ) ok H BEE (CT, % AR + &
FUMENE ) F0 % 17 1k e BF (NT, 52 /a7 1k S BF + 5 WLt
JE),CT b3 & 3 I NT X 2 K, CT /NX E#E
REE 20 em 2245, N ZE IR 5 em 2247 A Fl
FEHIE, G B AL Az AE A BRFE 15 ~ 17 em (T HE
30 ~33 em, BT 3 R NT /N KO BB 4 398 12 0 3
FEFAE A 18 58 R 20 em AR 15 em, 2215 10 cm; {E
A TS T W T, )R 8 em  FEZE 3 6 cm,
FiAE % 2 5 CT fRFF— 3, 2019 4FfEAF=(5 H 9



302 £k

IR

2024 4

H—8 H 23 H) XA HmmE XS A9 H,6 H 13
HiB ;2020 4E4E4E2(5 1 5 H—8 J] 16 H ) Z/E
AR S H S H,6 7 2 HIBM;2021 4484 2
(5014 H—8 H 22 H) KNt Hw |2 5 H 15
H.,6 H 12 HIBAE, jita 18 & 2 JE 2 1 A R it A 2] 5%
A6 A= 75 B > 1, 5 A it FH %60 £ 60. 0 kg/hm® |
88.6 kg/hm’ it A jfi i JR % 34.5 kg/hm® 3 L jifi
FH R N CHO 5 #2647 B, 316 I8 S Bl [ FR B0 2 A
BHZ .

1.3 HF@mXEMUNE

CLMER YA A b N, O HEBE & R H 8 S 2U%
A G AN 2, #AXEWNE EZE i b
FiHh R S 3 2 B, #8760 em (1K 60 em | B 40 cm,
A bR AL R B A R (A —E
W), 42 1A U TR s, B 0k T s AR R 60 em | B
40 em | PR IR 15 em R R & Y TE 25 em, H
WA em 55 1 em BRI RE 484 Fp
LT A A 3N - g v A AR b PR ER K. SR
FERE, M 7K 0.5 em, [6] B4 15T 56 50 0 HL (9 /) 3)
FUE AR N, TR, 55 B4R 5. fl s,
T AN WL AT aE L sl 10 R R N
SARFEMIRS) M 10 mL A B A, B RCR 4 A
FE B FEFARR 20 min, SR A [7] B 352 B0 PA A LB o
A6 AE Tt A% A 57 RO 4R N, O SRAE L2 15 d,
B RIURE 1 W5 2 I AR 0 5 235 R R A SRR I %, &2
ARIE T d 1R AR AEWOR S M 1~ 2 AR, N,O
SKAEE E] A 08:00—10:00, 2019 45 £f § 76 48 H Ak
P K2R Agilent GC7890A < A 5,354 ( £ )
W72 43 BT 52020 2021 4F 32 RE I 52 ) 5034 VL 7Y 48 AR
Rk BE SR B SHIMADZU GC — 2010PLUS # 5 4
B HA) W2 A1 A6E2E 2 N, O HEjik a8 & il
EPHE R IR A XS E 17 ],

EWCEE N,0 2K 08:00 Fi1 14:00 A 47, H
TDR150 #5235 7K o0 AL B A~ 2R A 0 8] 320 328
B3 AN SIAE 2K 0 ~10 em + 2 1 + 58 8 3 fn +
HeE KR (R G K)o 3 B 43 5 K R
R 2 K Y A 1Y 7 BIE, SRFEAT R 5 N,0 <,
PRI AR A 22— 35

A WOR B AR SE PR - RS T B ER T R
TEF /N H S TEBEHE 10 5T B 7X 2 BOAE Bk , 45 A Ak
AR it 25 AR 430 105°C 7 30 min, fE7E 70°C
TRAE TR R B, PR G T R . IR
Pt 3 AR AR PR P B e IR b 2K AR T A
dith o
1.4 DNDC &35!

DNDC #5570 3= 2 |y P K3 40 4 A, — 38 43 B 41

T IEAEE A A A MU R R AE
A3 AR Oy — B A B AUL A% A R B ) AR
YIis sl B 52 e, B4 & VR D s AR T R s Al AR A
FI 3 AN TR AR 1992 4F 2R K S
SEEA OB E AN EF T2 N TR [F] R 2
A FH Y A B8R R L 4 A TR = AR (CO,
CH, N,0) HE \NH, # & A9 = K H NO; -N
2 VR I 0 2 N A HLBR 9 A Ak Bl
o, DNDC A2 X + 38 N, O (1% HE il 458 400 0 FH e ) o
AR RELDZ MR/ AR ERRGE T 1%
N, O HEAH AL A+ 38 FUE A I 52 e vk 5 A0l 48 B
TSR R AL A 10 2 R P A R B A
HEAT KRS . R, 76 B 400 21 38 SR 3 A6 2B b N, O
HEBCRT , 75 %) DNDC #5581 3F 77 4 1F 5 560 3iF , 8 98 B
T P 0 BRI, DA B v B TR A AL s o 0
1.4.1 BRI S KA

AR B AR 5 I A AR AL AR AL T 7 e L s
2019 4F 48 A= Hly S 00 K 3 XoF A5 80 35 43 2R IA B Bk A7
KEIE , Ff A 2020 2021 47 46 A= Hb S0 %5 4 X A% 1E 5
() DNDC A5 7Y B2 #0125 S F 47 90 0k . A5 88l R
R e P S S AR 5 - 3 1R R 4 ERHE Dy H D) SR
R J R I T A5 5 R A S A AR B D () S B i SR o
e 2SI A AN S B - 2 R (29, 28°) (R A
By (i e i) (1. 18 mg/L) MR (5 3h) |
T (B R ) (B (8°) (KK Rh U AR I [A]
(2019 4£.5 H 9 H—8 H 23 H ;2020 4:5 H 5
H—8 A 16 H;2021 4.5 A 15 H—8 A 22 H) &
AR AR R R (3592 ke/hm®) L B R K OBLIR
(1320°C) B 43 B0 b ) (S5 i 25 AR 4y
fitt 5] A7 0. 446 9: 0. 204 5:0.270 9:0. 077 7) [ & %
%Sk [21 ] (1.67) (AR R] (2019 4E 5 ] 9
H,2020 4£ 5 1 5 H,2021 4£5 3 15 H) B B
(CT: 20 cm;NT: 8 em) | Ho Al 2 B 5% AL B BRI
B o Pz BRI I 2017 4R & Se i 1T 24, A
LB VRS it - 900 1 o A i 4O , T AAS [R) B 1
i Y R A S BORT . TR AENE, L2
20 em HIEPEFTIS), ILHT A O ~20 em + 382 50
TR, 2019 4E LA R AT H S50k 1 s, 1
LR K R 25 S R ORI O A B s
1.4.2 BIARIEGE

R ARG R r OF 200 22 E RIS R 280 45 4L
EF 853+ 2 BT 4y DNDC #5548 400 30 9 . 7
F3E 1 AR AR 5 ) S D0 R ) L R R
E <O, 5 BPA IC T S8 E , B2 0 F S .
EF Jz WAL % H a) S 00 (8 A9 G S B8O R . Y
EF 50 ~1 B (ElkEEE 1, B 5 52008 =2 8] 19



5% 4 1

AL 45 JET DNDC BEAL Y 21 38 S AE AL 3 N, O HEBE LT 5 303

®1 TEMELERE(0~20cm) LEBAASH

Tab.1 Soil input parameters of topsoil (0 ~20 cm) under different tillage treatments

) HRL BT SOC FH/ A/ FRE/ H i 455 7K 2/ EERB
WA pH ’ , 3 1
DR % (kg-kg™ ) (grem™7) (m+h™") % %
CT 5.74 30.32 0. 008 5 1.271 0.028 0.342 0.168
NT 5.46 32.24 0.007 7 1.310 0.013 0.264 0.103
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Fig. 1 Changes of daily rainfall and temperature in peanut

season from 2019 to 2021
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Tab.2 Soil water content and soil temperature of 0 ~10 cm soil layer in topsoil from 2019 to 2021
e A kR ot 3103
i SEMBE % BEH % r E/% EF SMBE/ T BBE/C r E/C EF
CcT 33¢ 25 0.54 -0.07 -0.66 28. 00" 26.72 0. 86 -1.28 0.60
NT 31° 21 0.48 -0.10 -0.48 26. 66" 25.97 0. 87 -0.69 0.71

T AR F/NG SRR R R AR B 22 57 025 (P <0.05) .
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Fig.2 Comparisons of simulated and observed values

of peanut yield from 2019 to 2021
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Comparisons of simulated and measured N, O emission fluxes under different treatment from 2019 to 2021



5% 4 1

ABLTE AF . HLF DNDC A5 80 (0 21 38 078 AE 3 N, O HE OB Lt 5%

305

(0.56 0. 11) kg/hm’ [ (0.63 +0.08) kg/hm”, £
{43 314 0. 77 0. 89 .0. 58 kg/hm” . A% 2021 4F
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Tab.3 Observed total, simulated total and emission flux fitting indexes of N, O during peanut season

) ) PURIINSS =4 XS N, O HEjid 8L 5 48 4
i B 1 ; ; —
(kg+hm %) (kg+hm ") r E/(g:hm™"+d™") EF
CT (0.29 +0.03)" 0.77 0.56 5.69 0.21
2019
NT (0.45 +0.03) " 0.28 0.67 -0.85 0.35
CT (0.56 0. 11)% 0.89 0. 60 -0.43 0.34
2020
NT (0.60 £0.14) % 0.18 0. 62 -3.64 0.36
CT (0.63 £0.08) " 0.58 0.68 -3.62 0.37
2021
NT (0.77 £0.06) ** 0.22 0.76 -13.79 0.34
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Tab.4 Sensitivity analysis of N, O emission and crop yield on sloped peanut filed of red soil
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Fig.4 Simulation results of total N,O emission and crop

yield under different fertilizer applications in peanut season
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Fig.5 Increasing rate of total amount of soil N,O emission

and peanut yield under different fertilizer applications
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