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Construction and evaluation of a soil nitrogen surplus index system for the wheat maize rotation system in
Shandong Province, China: A case study of Dezhou City

LIU Hong—yuan, ZHANG Ai-ping, YANG Shi—qi, XING Lei, YANG Zheng-1i"

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences /Key Laboratory of Agri-
cultural Environment, Ministry of Agriculture, Beijing 100081, China)

Abstract: The city of Dezhou in Shandong Province is considered an important center for grain production in China. However, the applica-
tion of nitrogen fertilizer and nitrogen loss are important sources of nitrogen pollution in this area. Therefore, it is important to determine a
reasonable nitrogen surplus index system. Based on field experiments and literature reviews, this study explored the nitrogen surplus of the
wheat maize rotation system in Dezhou City, and established a nitrogen surplus index system. According to the results, the surplus amount
of nitrogen in the entire rotation cycle, wheat season, and maize season was 196.84 kg N-hm™-a™', 111.07 kg N-hm™, and 85.77 kg N -
hm?, respectively. In addition, the recommended value of nitrogen surplus in the entire rotation period, wheat season, and maize season in
Dezhou City was 30~70 kg N-hm™?+a™', 10~50 kg N-hm, and 20~60 kg N+hm™, respectively. Nitrogen fertilizer was the main source of ni-

trogen input, while ammonia emissions, leaching, and runoff were the main pathways of nitrogen loss. Nitrogen pollution was serious in the
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wheat season and relatively light in the maize season, and furthermore, nitrogen loss during the entire rotation cycle was serious. The evalu-

ation theory of Euclidean distance accurately calculated the level of N management in Dezhou City with a score of 0.63, which corresponds

to a middle level of N management. In summary, this study analyzed the nitrogen surplus situation and established an initial index system of

nitrogen surplus in Dezhou City, which also provided the basis for recommending a scientific and reasonable nitrogen management system.

Keywords: nitrogen surplus; index system; Euclidean distance; wheat maize rotation system; Dezhou City

ek Ay FE R KRS & TR,
A R I D RUIE BT B 3R T R D
s T 35420 (R U R R it A 3 T
JEE B IRE (), anKACE B IR AL R A NLO AN
NH: HEBCOE I AE 1L A48 23R B /N F R oK 2R
FERA G 2017 AR 1L AR A TR AR B FRLAL T AR
SE- 44 P A 31 466.54 kg N-hm-a™, T JH T 4% P A
B4t F i B 4 =15 591 kg N-hm™2-a™ , 7t & T
KB G R B 1 AR I X 7K A4 3 BT G T 34 A 225
kg Nehm™2-a™ (244 BRRT. 25— 45 YL 5 A
ZEIL IR AR AR U5 S e P HE i o 4 ARl
H 42 3 10% . PRI, 76 DR TE R £ /R 7 1 1Y) i 42
T Bt AR E 2R L AR A AR G T T iR
iff DR ) [ R

A B ) it S R Rk it A i Sk A PN N, T
M fe A A 2R B A i vl DAME 3 10 6 38 A i 2R A Y
B RHARBERZEAREHMP Y EZEREG, &
TEM AR ALE 7 s A - 350 ) ARk 1) o
FEFRFRM, JE—A B A A R BRI
SRR R BUR JG %A AL AT DL A B R IE I H
ANFHERA LR EGRA RS, T8
K, CHMARRBRSHEAA R I X KT
U DX AR RUBE X 15 B e A5 R e B
e S EE AR T AR X A R R SRR A
RGO, FEH AR X & /N - EORFEAE R R T A
BRI RWEAFE ] 80 kg N-hm>-a™' A KB4
T REEARE XA, HE WA R KR 257
R, B 0 e — LA g /N RUBE IX 38, RGEPE 5T 4R
MR R AR, W B RS H e bn ik R0 ALt
HE, XY e AR L E R B2, A, AR
PUR G RITAE R R Y BEAE B AR AR, IR 4
BREBRE W AR RE T AR T Rk
F 0] DA SO A A 5 Qe i ol o (H IR A7 e A
KA 2 8] 728 S e, U3 43 A A 2k 521 22 TR 35 5
BT LI A 2 0 R 3R fR B AR POy VR AR R OCHE,
WK EG B B VR AE PR Al nT R4k & TR iV 2 0F 58 Hh
Jop AU, 5 H PP 5 SRAT G SEBRAE B, AR SCHE L A

AT A TR R AR AR 0 T L E
WL 2 B PEH T 20 A KR

LG SCHRZE A A Al , A SCHIFSE T IR
AN T2 /N - FOR B IR R R R B AR 1
PR R A S PN Tk B2 XA B R
BAARHIR R TN 57k 48 AN T 2 R4 B e
R TR I 285 R AR B8 DS, S izt B AR B 4 1 A
BRI E S PR A , o o At/ N RURE XS 5
RS% .

1 MREFE

1.1 FRHER

A FE LAAEAL 1l X AN T A 5 DI, A5 2
XA/ - ERBERR LIER RV 56
FEMN T F IR A8 PH AR A B Ui v AR i, R
YERILI/INE (ROKOh o A S 20k A T4 7E
LA A8 M 71 S Dt L B ) YA B AL B
YO R e A5 A | 1A T G b AT A /N A - R OK
YRR R BRI AR B AR, B A R B e b
KRB, UG RIS . AT & PR U
iy =X R By X5 S 1R T A 7 PR B A
Jitn— %4, LS T N0 g Bk v 4 8 Al
PN A R TR T R 25 PN bR TR 25 P AR,
124 0.08 g-kg™ F127.4 mg-kg ", PR HA —E AR
PE XM T P it R A R R A A T
2% E L, R F IR E +  pH A E K
8.54, Tl fift 24 26.56 mg - kg, -V K FE K 547.50
mm, FEEPTE6—8 ],
1.2 Rt

A I I 5 At AR, 430 P CK (R B
JIEE.570 kg N-hm™-a™) NOCKEAL :0 kg Ne-hm™+a™) |
NI1(Jl & 10%:514 kg N-hm™2-a™) N2 (i &5 20%: 456
kg N-hm™-a™) Fl N3 (J§ # 30%:400 kg N-hm™?-a™") 3k
Foow , Horh/INZ 2R it AU 5300 R 315.0.284,252 221
kg N+hm? (4 FEEFLB AR PR A , Ebfil 1:1), K
oK 2 it R 43 51 A 255.0.230.,204 179 kg N+ hm ™,
254 FRBEER IR A 5k - KK ZE (P05 45 kg hm?, K.0



KU TE 4 WA AN - TR R LA AR R R AU S PR —— LM i) 1323

60 kg - hm™) Fll /N % 2% (P,05 270 kg - hm™, K,0 0 kg -
hm™) o A B 1380 /N X 2Z [0 F R O, 45 1 i g
/N DX 90 4 AR B S, bR 3K 60 em, HH S AL 55 20
emo JRI0ITE T FOK SRS 184, /NEE S Tl
B 220 1 b %) At A VR A FRARS l Qn R R g ol
TR Y M AL B i — E

1.3 ARAE

AT AR 3 R 5% B, pF o AR b P I A&
NG - EKRERR EMA R, REBRE
N W)

A=I1pa = Orga (1)
KPP ARRAREGEETEPNEARAR T TR
TN 5 Onoa RN Y BV . =38 Y ERAL IS Ny
kg N-hm™-a™',

I NS FATZ AN, A XK

Ig=I+ L AL AL+, (2)
A Loy B NS S AR LoV RS AR AL F g AR L
S RhF i AR Lo K S AR Lo KRR
AR S, FIRSTWSE A R kg N-hm?-a™',

Oroa A TRRINZFN, ANy

Or0a=0,+0.,+0, (3)
P 0, /N FEARKERLR & 0. /N FOKFEFE
WA O IR R . iR 3T S E B 35 ke

N-hm2-a™',
R A TR H TR LA ke R R B
(1) & A3t

SR il FH 2 10 5 e oy 1R A A K 6 P S o it
FH &

FEFF A B A7 AR =F5 A1 77 5 < A5 A1 8 H R xFE FF
Riorie
S RE R 8 A FH ) S0 7 o

VR T A R =R A S0 1R ) S R <V I K R
T

Tl A B =1 i< AR A i

TR TR A SCHRIC B A5 53

(2) i 33

FERLRS th R =AE AR ™ Fok R AU

FEFFRS Hh R =R AT 7= f xR AP L

P FALFEHLFAR I IR KA NLO HERK
SO Ay HH ) S0 45

AR 2R AT TR TR B 2 AR
20102017 - 2 Kk KA C FAdbHh X & /N -
FORARAEMR R T LR B SCRL AT a5 5 s JE I

[Ei] RS 2 25 X o 0 A - Uiy FH ) S Bk
i 3 AR+ 7 Ui s BE DK ih /U i i R K i ofe
PUHAS U CREEKFE il e HoRU S &) o b ot
o AR IR T A & NLO HEIC LA Bk ok AR
SEAR F R Y oy H A) SR o AR O s A
W AR 2 mXx3 m=6 m” AFE 5 64 TRERL RS FF 0™,
SR AR it A HoSO4—HL0, T 2 28 18 8 A 1 0
FERLFNFS RT3 AU s 245 0 R Il < A Tl 3R
HARRAESRAE AT 715 DL SCHR[15-16]; N.O HRBCR:
FHERASARE A TR R SAEA I SAHA55% (Ag-
ilent7890, USA )i , Jy i WLBRAT A5 s (i 4R kv
A28 VAL A A I 000 7 7Kt K ORE 5 R o 1 T T S
AR AR BIR A
14 REEEKFEWITENTZE

SR TR U B TR R A AR AE A [ R
S A T v O 1w, AT R FH R T R T B 8 B PN T
XHAR G AT . T RET HIRRS
(The goal system) , 7E A< it 58 1, T A1 = % B e 4¢
KRS BN AR RR, X — RGO
RAERRARBARIW T . B REREZRGETE
Wribr R, — RGBT BAPRE S B RGEZ 1
ZEM ] M 2 R G R JRARAS D R, sy
()R

D=|fi-F| (4)
X DIERRGE S His REWEEE  AAUERE— R
g, FIREEW RS, 1A, I AR ZERE RS, EH
PR R GEN 58 R SE T, BT A F8 bR o e 22, BE T I 6
XEEEFR Z A E R 5t (The zero system) o il H , &
RGN IBUE S 0, E X TR = i 2k & (Z Kk N0 HF
IR E ) () H bR 2R G802 0, 3K R X N ) & 22 48 BUE
SEANRE R O, ZARIEIF M BOE S HN T RY . XHE—
KON REMITA IR TERG S HAr RS
Z I8, R 5 FEA T MR R B is 55

5| AMR G (Euclidean distance) P, F die
FRREHIPN RS HAR RGN FCHE B, a2
K (5 R

(5)

A X RN R kPPN IR, Xo AR
HAR RGO kPP FEPRE . SRS kM EARE
AOFRIEZE ol T A B U A X T X o K50 K5 o 20
AT, PR e SR AR AL, an 285X (6) BT -



1324

URIEIN Xl 53855 6

X —m

S (6)

Ao ORI, m AURIE, SRR EZE . a2k
Jit NS St 55 i A HE DX )9 LA 1 OO B e A (7))
Qb B

Y=24-X (7)
Ao YRS ME AR B R AR 2%
1B X RPN RGN . WUERFLH S 25 R 1
i, A Y BEBUE 0 CGA R PEM P8 bt & , S 800
PPN RGEEMBCR 1) o Bk, T DU AR
PRFR PRV TR A2, A (8) i .

A:I_TZ(} (8)

K ARRARE AT e CRPTFM RE S H
PR RGN E  d e NREF RS S B R G RIIEE, B
ORIEES . AHALTEO, 1], X FE AT DLAF G 38 1A K
I AR, UK PR 20 B IS HARIRES
BIR £ &S PAE AR T . 0<4<0.60 KRR A EE
FRIK -, 0.60<4<0.80 K7 H A 2 A LK, 0.80<
A1 TR B PARE A,
1.5 RS

F A Microsoft Office Excel 2003 474045 2% BN
I 2l .

2 HRESW

2.1 BNTEEMEFTARERE
A K NEFMEERFRARBRELIER A

Xau=

2, ERANLNE - FEKREAE S, th TR
M R FE 2038 S AR A 4 R R 1 AR g
T AT RS AT A S R R R A R A R
it WSRO LIE &N -5 FORIER H
REHA FERWETFIIESA ; 227 & ARk
REENREZR M @ R L YA
[ R A T R R ki . 2 o DU B, &4k
P A0 A it AR R AR P A KRR RS FF BT
o BRAGIEZMAEA A TR TR AR AR
FFid H A LA AU R A A 20, SO i T IR AR A
AR T IS Y KU o o 6 1) UL it D o U
() —FPIR 2%, ARl BEE 5 | A P 3l M A, A 52
PUAE QR UE AN 1 00 T AR ARG AE i H AR . T FE 4
i E R I BE R ARV F =R, U
CK b3, 79 2t Ay iy 20T o7 S 2 i R 7 31.60%
I, Al A AR 2 & A/ D R R R 2 A R
L) A
22 EMTHREEEKENITEN

PR TR X AN - FORREEIR R T
MR A FH DX, X PN T AR A KO TR A
T e BN T 2602 A8 BILAE 78 19 [ R A 2 A i etk
5 1), (22 SEBL AR R 2 B As o [l AR PEph 45
R m T DLy Ll AR A8 Bl HA X 4 /N2 - R OK
REKRAZEHREMEENSE ., SHE IR
G HR RGeS % 8, HAR L% 3,
P 45 A By AT B TRE R R R LA
RMFEAF ST AN AR -2, B T 5, AF

Rl BNHTENE-EFEAREGCRZTERARE (kg N-hm>-a’')

Table 1 Nitrogen budget of winter—wheat /summer maize in Dezhou(kg N-hm™-a™")

KbFH Treatments CK NO N1 N2 N3

XY FBIE N fertilizer 570.00 0.00 514.00 456.00 400.00
Ninput TR N deposition 28.00 28.00 28.00 28.00 28.00
JE4L A %A Non—symbiotic 15.00 15.00 15.00 15.00 15.00

Bl Seed 7.10 7.10 7.10 7.10 7.10

HEWE Trrigation 15.00 15.00 15.00 15.00 15.00
JHIA Input 635.10 65.10 579.10 521.10 465.10

R i AR Grain 227.61 123.67 244.72 238.24 253.13
N output EHE K NH; emission 96.71 54.48 80.34 90.56 114.89

N,O i N2O emission 9.94 1.06 8.15 5.31 3.09

R EMVE N leaching 104 7.69 85.56 49.61 25.91

ST Output 438.26 186.90 418.77 383.72 397.02

RE B AN surplus 196.84 -121.80 160.33 137.38 68.08

HEPIERN loss 210.65 63.23 174.05 145.48 143.89
AN B Fertilizer availability ratio 63.04% — 66.14% 68.10% 64.03%
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R2 EMHNEFMERFTEAZBERE (kgN-hm™-a")
Table 2 Nitrogen budget of wheat and maize in Dezhou(kg N-hm™?-a™)

KPR Treatments e B
CK NO N1 N2 N3 CK NO N1 N2 N3
AR AT AEIE N fertilizer 315.00 0 284 25200 221.00 255.00 0 230.00  204.00  179.00
Ninput FREICFE N deposition 9.00 9.00 9.00 9.00 9.00 19.00  19.00  19.00  19.00  19.00
A3 5 %0 Non—symbiotic  11.00 11.00 11.00 11.00 11.00 4.00 4.00 4.00 4.00 4.00
i Seed 5.00 5.00 5.00 5.00 5.00 2.10 2.10 2.10 2.10 2.10
FRFEFF Maize straw 14593 11222 162.67 16817 15330 179.60 129.97 22720 22551  168.80
HEWE Irrigation 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50
A Input 49343 14472 479.17 452,67 406.80 467.20  162.57 489.80  462.11  380.40
R TII] FFPRIRIRL Grain 8239  57.45 86.14  79.95 87.03 14522 6622  158.58 15829  166.10
Noutput FEFFIRIL Straw 179.60  129.97 22720 22551  168.80 14593 11222 162.67 168.17 15330
4% K NH;emission 5526  31.13 4591 5175 8279 4145 2335 3443 3881 3210
N>O HEJZ N2O emission 5.68 0.64 457 2.86 1.71 4.26 0.42 3.58 2.48 1.38
R ZMBE N leaching 59.43 4.57 49.14  29.14  13.14 44,57 3.12 3642 2047  12.77
S Output 38236 23376 41296  389.21 35347 38143 20533  395.68 388.19  365.65
REBAE N surplus 111.07  -79.04 6621 6346 5333 8577 -10474 9383  72.84 1775
REPIZ R Nloss 12037 3634 99.62 8375  97.64  90.28 26.89 7443 6173 46.25
RIEA RK Fertilizer availability ratio 61.79% — 64.92% 66.771% 55.82% 64.60% — 67.64%  69.74%  74.16%
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L E LA 1, NO AR B AR AR, (AR R 2
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i 10%~309% (N1, N2 1 N3 ) &b H (1) A {H WA B4 0, 5
5 CK A —4F B8 Th R AR ST, XEK

3 ENRGERERTNBRRESZSEE
Table 3 The flame of index and the reference values of

the goal system

s HF RS RS 1
o

No. F8F5 Index The reference value of the
target system/kg N-hm™-a™'

1 SUIR G R N fertilizer 3501

2 HAb A Z BHIA N other 80"

3 FERLIZIL Grain 3610

4 S NH; emission 0

5 NoOHERL N2O emission 0

6 WUk Leaching 0

7 HALATHCR 90%"

Fertilizer availability ratio

5 TEPH T AL R B BRI, AT R R 2,
FIE AN a2 1 B it P i oA S B0 it BES 7 E 19
g 1 20 O3 TR T 21 AR A B AR A ) R, R
PR IR 7 s EDULHE 23 A7 CK AL 528 R G0 H H b
ARG TRbR Z AR 5, R A UHAF AR 0], 2%
R 2) BoR, 235 & & N0 HER S AR R Ik &%
fE R CK A B A A 52 67 DTk, o2 S 35O A (IR
1 2 A B R S A R Y 25
o T RUIE it T 2 At 210 3R B A A IR I Wi 5 ek
T E K, AT DA TR i st i S F R A, A T R
R R Rt TR RO D B R A, B AiA] LU
1.21

0.99
1.01 —
I 0.63 0.66 0.68 0.64
= 0.61
0.4

0.2r

0

CK NO N1 N2 N3
Kb PE Treatments

B ENTEREREEERITNER
Figure 1 The evaluation results of nitrogen management

index in Dezhou
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Figure 3 Relationship between nitrogen application and surplus
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150

y:37.564en 003 6x

100 1 R*=0.953 2

W
(=}
—

Q
y=0.600 3x—87.557
R*=0.980 9

o

150 200 250 300 350
jilZ8 1 N fertilizer/kg N +hm™
O RELANE
O AR

N surplus and loss/kg N+«hm™

1
n
S

T

-100

B4 £NEFHAE BRENRKENXRE
Figure 4 Relationship between nitrogen application and surplus

and loss of wheat
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Table 4 Suggestions on management of nitrogen pollution in wheat and maize
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Figure 5 Relationship between nitrogen application and surplus

and loss of maize
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