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Abstraet: Cycling dynamics of nitrogen in paddy rotation areas have a practical significance for ensuring food supply and realizing
sustainable development of the regional ecology in the Min delta urban agglomeration. However, with rapid urbanization, the negative
externalities of paddy rotation areas have been gradually increased because of unreasonable utilization behavior, and the environmental
costs are increasing. Therefore, the spatial differentiation of nitrogen indicators and its driving factors were analyzed, which provides a
macro-decision making basis for the implementation of farmland management measures. In this study, the paddy rotation area in
Jinjiang River watershed was selected as the research object. The denitrification decomposition ( DNDC) model was used to simulate
the nitrogen cycle in the paddy rotation area. The hot spot analysis and geographical weight regression (GWR) model were used to
analyze the spatial otherness characteristics and driving attribution of various nitrogen indices. The main results showed that; (D The
DNDC model was validated by parameters, and the results showed preferably regional adaptability. (2 Based on the comparison of
different rotation patterns, the rice-vegetable rotation pattern not only established the maximum input of nitrogen fertilizer but also
revealed the highest nitrogen absorption efficiency and the maximum values of nitrogen loss, followed by the rice-rice rotation pattern
and rice-fallow rotation pattern. 3 In the spatial distribution of nitrogen indicators, except for the crop nitrogen absorption, the NH,
emission, N,O emission and nitrogen leaching showed a spatial clustering distribution, and the main trend line based on the standard
deviation ellipse was mainly “Gande-Changkeng” township. @ According to the analysis of spatial influence factors for various nitrogen

indices, soil attribute factors had the strongest effect; the SOC  _was the strongest influential factor for both NH; and N,O emissions,

max

and the spatial distribution was “west high, east low”. The pH,, was the strongest influential factor in nitrogen leaching, and the

spatial distribution was “north and south high, east and west low”.

Key words: regional DNDC; paddy rotation; geographically weighted regression( GWR) ; nitrogen simulation; Jinjiang River watershed
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Table 1 ~ Phenology of main crops in the study area

iH 2 A 3 H 4 H 5H 6 H 7H 3 H 9H 10 H 11 H
BiE HAh A Bk Sy EE Ejiip B A
P& HAh 2254 ITEE Ry Ejiip B B
RS e R & Fip ik B B
N 5 ; .Iﬁ_"_."" ‘
A N Vel R ey B
" #.‘-
£ ke
'.:‘ ‘\. . E: "_. »
57 -k 5 =
‘ iy
¢ i =
2 v 20 km
: 2] ] )
" (E gt Bl f-kseiE ORG-S REE
240 - — R f ¢
C o M2 gykmw’sifﬁimﬁﬁ ,y"
[ ) = fa i i ;; Fig. 2 l‘Dlstnbu‘ﬁon of ;011 t)_/lpes in Jinjiang River waterﬂ'pzd
0 40 km w o i
L2 gt ) /
17° 118° w)xﬁ ' gk BN C Eﬁﬁ)ﬂf{; VISR aﬁﬁiﬁﬂ li
" DNDC E?ﬁﬁ"ﬁ%@é‘/\gﬂ}%ﬁ 2017 4FEABIE RS 19

| VR G L, %W'?E i 1 EZ #E B 0 AL 2% (inverse
f”dlstance weighted ) %ﬁl‘l‘ﬁ R ARGk SR
M) X3, B ORI T AR B L = . e

FEIX Bl A 1 S A 2 B 40413 AR e e A, AR
ZIHE KRS BN A A R R
BEFFIRT b [ G R R IR R A T A
TEMSHS% Li 5V W5 P VR AR K A 4
HHAE, LRSI N & B 90T B X R BT A E )

25720

25°00"

1 e 7 A\ .
_ﬁﬂﬁ; \C\,.,{: §O__ 16km

B A A B vh 3 B AR L RUIE

117°40" 118200" 118°20° 118°40"E A%ﬁﬁ*ﬂﬁﬂ’fkﬂﬂ%/\iﬁﬁ ':F' %M’fkﬂlﬂﬁﬁ

N - FH A A% A DA B A T BCX R BE T Y 45 E IR S A

A SR, AT DU LU DX 3 o R 4R B 5 4R 3

21232 /;}Aﬁ?f} MEREFARLERHON I B 12 IR

250201 |- \q; -y N /H@ PR & R, T R B S % Scmk [ 12]. B
/}/J‘Q; Q:fgwxw o5 T TRV S UG R0 SR U T AR A A% B 55 90

j A ( {ij 4 1.3 DNDC ##]

\5,) Ol .’.".““;“ \“ .?/ DNDC #5791 F S i i 25 K, 7T 3645 NH, N, 0

T “‘ai/‘}“‘“; Y}y‘”“ ARSI R EHEHOBCR , At AT LA 3RAS R i

b i O PRI X S 43 Ry LA B — P A AR

—smnr e BTG, R I R 445 B 252 DNDC 073 540

117°40 118°00" 118220 118°40° E ;@J‘Iﬂ,ﬁ%ﬁ_[m. jgj(%%% Hﬂ%%m] Xﬂ‘ﬂ:%@ﬂ(ﬁ

1 ETREEA FH 3 2 SR HERR A A 5R, R A B | - HE 85 A

Fig. 1 Location of Jinjiang River watershed /ﬂf%?‘/ﬁf)ﬁﬁ:—té}%ﬁﬁﬁ BEFT UL B Y jzljﬁ:}»ji‘éi &



6

FWAH . £ T X DNDC #RE VR R R 25 8] 70 515 3RSl A - ARV

2717

AT 357 A R TG, AT EEMEEY A
Wl N, 0 HEE: NH, HEiE A Z B
AL
1.4 HAVESIIE

Y77 MR 1% 22 (root mean square error, RMSE)
I A B 78 Y E K F B SR B, RMSE 48 4
AN, A Lt SRR fE A 8 — fk 3 05 MR R 22
(normalized RMSE, nRMSE) J& RMSE 5 il & {5 13
B LU AR, PT27R S F- 2500 2 A AF G /N | U i Bl
0 ~100%, 4 nRMSE <10% I} , 2 R B RUALL M BEAL
75,24 10% <nRMSE <20%, F /R 1 e b5 24
20% <nRMSE <30%, &R BIERET4E; 24 nRMSE
>30%, Fe B RERC 22, 1013 )7 R 4Bl 10 B3 mT ke
FE R, — )\ R BRI R 25 R TR,

X = Xoa)?
RMSE — /\/Z ( obs mod)
n

Z(X ~X,)/n L4
nRMSE = = % 1009

obs

rany ZU 3’ ,x

R Z(y y)? VL
T*Xmﬁﬁﬂﬁﬁﬁx'ﬁ%Mﬁﬁﬁj
ﬁﬁ%%ﬁﬁ%ﬂﬁ R R A B AR
ﬁyﬁUAﬁﬁﬁyﬁ&U@ﬁﬁ A -7
1.5/ BG o br

23] AR 26— B R i Moran's T 15 500EAT H34.
T 24 0 (I e ) b e 53 1) 3 L 5 3
Wmﬁﬁmlﬁﬁﬁﬁ%ﬁﬁﬁﬁaf L
MW, /N 0 [ERRAME, KT 0 HERIE
.

ni iwij(xi -x) (% —x)

(z§ﬁ)§yx_@z
K, = Iﬂ’ﬁﬂﬁ"’é& x; F o o5 o M
A E AR S AR, o 2 H A28 i B AL, w02 23 (1]
MR,
FEHFE G ZR A P GWR A ARUSE T OLS A2 A
HEATY & W s (B 22 AL T S R A 28 [ DG 2R ik
AB A = erh, BRI L5 T B 1 R %
B2 R B AR AL GWR R (1 2 Hi ik X A
BSCR 2 OCHE 2, 5 W8 280 F S AR A0
PR 5 ST, S AL SR FE R A b , G045
B IFE 5 19 Akaike #E N ( akaike information criterion
corrected, AlCc) I thff I 5 Jﬁi"%ﬁ?ﬁﬁﬁ%@'ﬂﬁ

Jr R A TR [ ~F
y—mw1w+;mw mx+el

i 4 (if 1,2,--,n) ‘&
t$<uv>E%L4ﬁ¢am @Lﬁﬁﬂu

zﬁmﬁ¢ﬁL%§kAEIEMEE%ﬁ‘?Iﬂ
R0 (u,, v ) K, & %ﬁ$5LMm%@E%MH
*ﬁﬁi@ﬁﬁ%%ﬂﬁ%m

i

2 _n%'—ﬁﬁffﬁ

2.1 BEIRLRGE 5I9F

FE AR i B R, X 3k S SRR AR A ) 2R K
FEIFER R BN S B T IE TE (R 2) . 8 S50
W 2% T 2800 4 i I e i s A1 280
BOAE A Li 0T 52T rp A A 00 2 5508 v S dis
FERFSE. A SCrp A RS 47 S 2017 461 A1 HE

F2 HBERESHY

Table 2 Model calibration parameters

SH KA

5
4

e BIESHL JRS4L BIES5
BRAEY R/ kg-hm 2 8 443.95 14 000 5999.5 9950
B B T AR °C 2000 3800 1400 1200
AR AL 1.05 1.2 1 1
12 A 31 H. i fie e S B RA R I SR A/ IMA, 2R B 5 XSl 4% 3l 20 7E 10 ~

IR EIBESE T 36 M8 FE A, 4 321 A5
(B ANREIEN

DNDC BRI FAR H AR R atE
F 2 E Kl b DX A B 0 52 56 BoH iR 47 % E, 3R B
TR ELA B R B AT g R R I £
S SCHE R R T A A I 4 O B e 1S B T
DNDC A5 A 3 5 RUEE 53 591 i A DX 355 I B G 8 1 1)

20cm 382 s A RS B S A 2 Y DX [R] A
fH. LﬁEui\lﬁl/\%ﬁﬁnE} 3 .

FI AR AT VLR AR S RGN A
R U EE, TR BV, i B L A A
16.15 ~273. 10 mg-kg ™", SZiM{E H 94. 67% (1)t 15
RE G A TG FBIME Z 18], A 5200 5 54
PAGE R BEIEA TR B R, A S RGN %



2718 7D 53

L 41 %

2L
&

REAPUE 5 46 50 #F 55 A9 52 {8 8] RMSE {8 4
16. 81 mg-kg ™' ,nRMSE {fi ) 16. 40%, H.3A5 £ 4L
GITFE R y =1, 1x — 18 ,R* 2H 0. 81, TR R 3%
R (K 4).

o o N

- A

P15
— k& ‘ J_2,
BURITBOL R et 8 Lam

B3 BEKIERSTH

Fig. 3 Distribution of model verification point

W7 5) . FEREBUAAR R I, RE-di e Ve R
PLHAE NH, HEGE N, O HEl & FA Z kR ik &
R = L,

e NH, HEHICE A2 Ik 8 2 2 v B R B
""" FEFeAERL R F R AR AR R, Bk Bk =
éﬂﬁﬁ AT A S BEE T BRRAE. 76 N,O HEE
R AR -2 IR VR X TR - R A TR R K, o
TG T R % 12 KR S B 4L 1 IR A B, AN R
F N, O SR HET. A-2% 50 1 1 MR R U (AT
FE-REACAE  (ERS-BE 50 1 1 AN R i A B T -
FEACAE B 45 T Sp b S Y AR R 456 ok
T A A A 2SR (4 AR 1 26 R a5 A
WIE (R 4).

x3 IMBREEXENEREZRES R

Table 3 Nitrogen uptake differentiation in three.,croppmg‘.f)attem%

5 Fidk Rtk
300 PP R hghmd 2 | 200.13 15456 /7929
250 HFBAAI Ketm | B407 43469 395’16 ]
- ﬂlillﬂtﬂﬁﬁ%/%.-’ | 40.43 35.43 | 25 98" j
s 200 :
g0 : L | "l
E 150 = 7
% %4$%ﬁﬁﬁﬁﬁ*ﬁ;¢%ﬁ?hh&gml“v
g 100 - Table 4 Na'lrogen mdlces" in lhree rotation pallerr}s/ kg shme? 7
50k W l.-"'l Ijjfﬁ & 1 A T lﬂ
0 . . . . [N ] " 9.26  3.05 3.,;19
0 50 100 150 200 250 I NO - 4.66 0.93 O‘.H72
—— Mt/ meke N N, ' 31,92 28.88  28.89
" l4,r DNDCAS U 5 M B 2 HE __-F?_; AZIL NH, 132.08 111.31  54.59
Flg I4 Linear fit!of DNDC simulated with observed value§ TEYIW A 200.13 154.56 79.29
5 FEN(IPS 46.74  28.62  21.21
TN R W T, -2 R R R -2 PR S con s e
VERE B B A oD AR W R 3R Wi 1 {6 o ol HRE A 411 754 383
200. 13, 154. 56 1179. 26 kg-hm > VEMIRIN A E & . BER S =R 134.95 155.84  163.26
» RAEMA  THLENCHEH & 327.41 266.73  131.35
AA AU A i
HORIFHALA ) 40. 43% , 35. 55% 1 25. 98% (4 A LA it T i 22.60  0.00 0.00
3). AR H VR Y A 2 WO B v SR AE R WAREA 494.97 434.69  305.16
BRI K KRR R I A A 68.61 106.40  116.24
45
40 | -2k
3.5 me——t
E : — -
= 30 |
(=]
=
% 25 |
=
= 20 |-
=
815+
=
Lo |
0.5 M
” i ol i 1 1 1 1 1 1 L 1 " " L A A . L
TCRBSTRE52EASNEERASATALREECAEES
FHd

B 5

ETHHNBERER 3 REMERIENEZTRKE

Fig. 5 Crop nitrogen uptake in three rotation patterns based on daily time scale
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Table 6 Parameter estimation and diagnostics
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Table 7 Parameter estimation and diagnostics

of N, O emissions based on GWR
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