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I FEHMA—GEREULRGRRRDFILER
) 02—l At 2 e 15 B0 A< Ml el (X 2 )

AR OAgEET OB P O HAEET W Owm ERET
(bR R R 2B, WALARE 071001 *WALAE EW A K ARSI %, WALARE 071001; *WdLE = BEA4)R, Wdts i
053500; ¥ dbE e\, b B 053500)

W E Ar—AEN EANERELTRERYARBRN LR #S MAEFREEMERA
W EE SR HIR, DA A B IR N | X 7 6], & SR Ve Rk 52 #0277 R 37 KR
RERDBFMERFAE FARFE RN T ERBRGAECERM, hZARF AT AR
ARFEERAT RERE T RRE TR ELIT RGO R ARG A AR
FREERER, ERFATFT,HERAEIEMANEE 674.6 kg - hm™ - a™' | 5 BB ANE
E I 88.3%, AFFHEN 41.5% , HHEZAEAA A E 190.7 kg - hm™ + a™' | i A BT £ 23 K
MERAAERAAERPAZEAETGNEER A AR AP ARERIAE S AL
NEREWN83.2%, X RHEENT16.6t - a”', Tk H ALK 36.3% , RAF A F 19.7%. K37 K
FREFAEN 407%. FEMNEN, KBRS CIEHAES0%(FR 1) Bk ERFA
BEKFRFE(ER2) M, TN EMEREAAFRRE 34.6%F1 15.6%, B B K3 &
FRAEFI A EP ARG 18.7%51 9.8%; 7 48 , kKA ZAFAHEM(FER ), TEALALF A
EREG19.1%. H, RO CEREFE AR EDHEEN KA ENE, ERGLT A
4 = Ay 2 IR KB R R R Y e fr ik AR

L@ RIAT; RS, RAHBE, RARE; ELTHE

Nitrogen flow characteristic and use efficiency in mixed crop-livestock system in North China
Plain: Hebei Jinlong Circular Agriculture Farm as an example. SHI Peng-fei'”, ZHENG
Yuan-yuan'?, ZHAO Ping’, YANG Dong-yu'?, JIA Liang*, WANG Gui-yan'>" ('College of Ag-
ronomy , Hebei Agricultural University, Baoding 071001, Hebei, China; *Key Laboratory of Crop
Growth Regulation of Hebei Province, Baoding 071001, Hebei, China; °Jingxian Meteorology Ad-
ministration , Jingxian 053500, Hebei, China; *Hebei Jinlong Company, Jingxian 053500, Hebei
China).

Abstract; Scale and intensive development of mixed crop-livestock agriculture is inevitable in North
China Plain (NCP), and nitrogen (N) is one of the key elements that linked the crop and live-
stock production. Here,, we used Hebei Jinlong Circular Agriculture Farm as an example, to analyze
the N flow and use efficiency, by using data from literature, on-farm survey and modeling. Further,
several on-farm N management improvement practices were proposed and evaluated through scenario
analysis, to supply technical support and scientific basis not only for achieving higher N use effi-
ciency and productivity at the farm level, but also providing a new model of circular agriculture in
NCP. Our results indicated that manure and purchased fertilizer were the main N input in crop pro-
duction, which amounted to 674.6 kg N + hm™ + a™' and accounted for 88.3% of the total N input.
Of all the N input in crop production system, only 41.5% ended up in the crop products and around
190.7 kg N « hm™ + a™" surplus. The excess input of synthetic fertilizer was the main reason for low
N use efficiency and high N surplus for crop system. Purchased feed was the main N input pathway
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in livestock production system, and accounted for 83.2% of the total N input. The annual N excre-
tion rate was 776.6 t N, and around 36.3% of the excreted N was recycled to the crop system. The
N use efficiency was 19.7% for livestock production system. The N use efficiency was 40.7% at the
whole farm level. The scenarios analysis showed that reducing purchased fertilizer N input by 50%
('scenario 1) and increasing the total maize production via adjustment of cropping structure ( scenar-
io 2) would increase the N use efficiency in cropping system by 18.7% and 9.8% , respectively. The
whole farm use efficiency could be increased by 19.1% through optimizing the feed compositions and
regimes ( scenario 3). Therefore, reducing purchased fertilizer N input, adjustment of cropping
structure and optimizing the feed compositions could increase the N production capacity and achieve
an environmental friendly mixed crop-livestock production system simultaneously in NCP.

Key words: farm level; mixed crop-livestock system; nitrogen flow characteristic ; nitrogen use ef-

ficiency; North China Plain.

AU SRR AR A e S R B Ol
AFEEXE,RE R S 2ERE LT EN
34.4% , A= 5 4 R = R 37.0% i
RN 758 22 18] e = BIMJ8 A G Fh 240 5 /N
A P HE PR R I B R 2R G R ST PR 2, K
RN YRR R SRS Y H I, B
B AR R A B0l 2 8 1) B L ) 29 TR 2 Bt
P RIS FH R AWK, Bl — IR AL B2 2491k
LB AT A K R () SR Ha 3.

AL A RV I RE IR A 2 = IR AR I
FHECR g A 7™ 01 KA ik e A0S S R 35 5 n]
FRel kR B 2R 12 Aok UsiAk bk
() PR A S ERAR 0 2 B T AR A 7K AR
R AT S, (B I SRR R o 3 A | R % R ]
I AN R T A S B T AR b Y R B K
#71, HIR & g2 R HE it 2 O i g il B4
HH AT 40 o, B0 R B 1 /IR 0 i R B AR e e
XA EUH R KA R ER AR R R AR HE
It MK E B R R KRR U
1l 22 180 S — Z B R BT T Y [ 0L i B X A 37 K Y
REEHM F L DA/ DR R R B s 2R
e N LA S A7 32 i i A b A R A3k b &
S BRARIR BT 15 4 Sy 1. PR, 5 < o A -
FHE" AT R BRI, R SRS AR B
RS T DA R TR 40 B V5 Aol R 5% B[] 11
Be B S ILE AR SRR AR MU 3R R R $E =
ARG I E G AR

T JL B AGER A el [X A0 SR i) foh
—URFRALAE 21 A b A 3. AR F 5 LA ] b L g 0 26
Al el DX R 5], 584 77K - P - 3208 A2 7 R 4
AR SN FIE SRR IF 8 o 17 55 o0 i 4
R AR SRR G VR v S B R R R it AN A, A

Hy b IR IR A ] 352 R A U B R 32
FERIRHE R,

1 MARMXEHARFTE

1.1 s Hb Sk

TG E G ER AR el XA Tl b4 S BOp A4
(37°58' N, 115°99’ E) , #uAbyn[Jb-F 5 A pe i, s 22
Jo eI, M AT MR 25 m ), JE B TR R K
Rl PR S AR XA B R 131 °C L AR BT
N 554 mm, 4ESF34 H R 2745.2 h, 24ETCH
W91 d £ 2 AR, Bt X 2 &k R
BCA SR FR5 RN T AR EE A HLIE I T
S5 2 I R — A B RGO 7 M X & AL
S BLRL g o 5 — (BB AL A SR IR RO A S H
B, BEl X AT A PR i AR 1145.3 hm?, Horp /NE-E
KGR T AR 1000 hm? 1 7 . 105 P B 458 4 B e
FATHEAR 60 hm? /NZFEFF 4334 B, FRWGR 5 5 FF
P [T A Y e, o MRS 2 R R 2. /N R
R A B FORFFRL 2N TS R AR 5 A B A
KERDRL FR5H L 45.3 hm?, FEONYRE R4 A
FRPA AR 1400 Sk, Hodr =44 280 3k, & k4
700 Sk, B2 420 Sk, HP=4405 6000 kg R 2R A7
3000 3k, 4FE A2 1000 Sk F BG4 A 600 Sk 421
A AR 6 73k B X H AT EE R R -5 4 |
RI2E AR RE SR - TR SR TR 5 2 SR G IR BE 55 1%
A R RPRE FREE DRI T IR ARSI S A
1.2 WHREAGZHE

ARG LA Bhak A2 K | B 7 A 3 rh R
MIRIE R G0 R G A P R G AL N - oKW
IR R G AR ARG WA RN PR AR AR B 5 e S
bR A AR S 25 A A 7 BT RN A ] SCER ORI L T
KRG RGN AR AR (K 1).
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Chemical Trrigation Atmospheric Biological ¥4 A Grain of wheat By S
fertilizer ~ input ition fixation Seedinput for sale Purchased feed
of nitrogen
‘ ‘ ‘ ‘ Feed from
Y= RS Cropping system Erah méf%g; B f?ﬁ%lg':mal system (2E38
T Grains .| pigs ing beef breeding
(/hFE-FK) Wheat-maize I b“Ed%,]fq: dairy cows)
l Crop straw * ®R
mER WL W T anure
Ammonia Denitrification Elution Manure to the field
volatilization

WEMRIRE: AR sSiyiiak 405
Saie and Loss from barn Fatten pig Milk
biogas and storage  and beef

1 KRG A" RGERIR I SR A

Fig.1 Model of nitrogen flows in mixed crop-livestock system.
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2.1 MM RS R NEHE

MR 1 AT LUE PPl R S A S Al 764.2
kg - hm™ - a™' , A4E N 190.7 kg - hm™ - a . &%
AT AR A BTk K, S 51.4% ; HOR AL
B A ZCER, o5 IR U A R 41.8% , b BT A
REM 36.9%, —# iy A A & 674.6 kg « hm™ -
a”! A HAT KT N AN IR B R AR A
RITRE (311 kg - hm™ - a™") P 1 52 AW
PRI A 39.3 kg - hm ™ - a”' | ARSI
R 12.4%. 5 1 I 35 K AR RN RS A FH AR 1)
BEHER AR (317.1 kg - hm™ - a™') b S
(1) 55.3% UG Ak & W IE 2 8 & AL
WUE IR A R, 1 256.4 kg - hm™ - a™' |, (5
S 44.7% . F L RT UL, ke 2R e b ALt H
I FEERBRMBUR R L O T A A

x1 WHERFRTINEHE

Table 1 Nitrogen flow characteristic in cropping system

FHZ T H 55 | & ™ H i 5 1 G [ .
2.2 FHAGRIRNEFIE

M2 ATLLE Y, A SR AR =N 162.2
tea A B A R R T 16.8% , Hod [ 4L R
(B KRS FF) B A A a5 R R R B A R
49.2% , o5 P R G0 AV E PO U 1Y 20.9% 5 8 1
BHEAER R, R A A NI ARFRAL S K
TRl RS AR 1Y 11.5% , 5 R 2R 88 b AE ik
R 30.3% ,JE BT REGZ ISR G A 5 W) K 4m]
A A ZUE R A E 1Y 83.2% , Hh I S A 1)
R AR R AR R 76.1% , 10 (RS 1R R
A RIER 88.5% , LT LIE ), FR5E A 7= R Ge 5t
AMIERARL U A (TR 2R 1D ) A A 4 AR
I A 15.0% 1Y R DL Sh S RN sh 7 i B
i, 4.7% ) E T AR B AR5 054 F R AR A
KA B4, T 80.3% 1Y &L LA 2 IR 1 E =X 07 Y
RO ARG EIRHFA F(776.6 t - a™') 36.3%

Hy AT A RIPEE NG| i 13 350 A i Y
Input Nitrogen Bk Output Nitrogen amount Akt
amount Percentage of (kg - hm™ - Percentage of
(kg - hm™ -a™") the total input ah) the total output
{LHE Chemical fertilizer 3925 51.4 VEYIFFKL Grain 211.5 36.9
A HLAL Organic manure 282.1 36.9 YEHIFEFF Crop straw 105.6 18.4
FhFair A Seed input 5.2 0.7 % & Ammonia volatilization 67.5 11.8
YEYIRI =& By product 39.3 5.2 S 4K Denitrification 20.2 3.5
TR A Trrigation input 12.0 1.6 Wk Elution 168.7 29.4
H WA Biological fixation of nitrogen 10.0 1.3
KAV Atmospheric deposition 23.0 3.0 i A 1T Total output 573.4
i A BT Total input 764.2
B4 (ES A -E5 ) Surplus 190.7
x2 FHERFRARINEHE
Table 2 Nitrogen flow characteristic in animal system
Hay AT At AR || a0 At RPER TR
Input Nitrogen amount 43kt Output Nitrogen RE S L
(t- al ) Percentage amount Percentage
of the (t-at) of the
total input total output
A 4R HH AR 66.2 6.9 AL H Fatten pigs 124.8 12.9
Feed from the farm Rf);ljghage \ HAE RS Sale cattle 9.3 1.0
REBCERRR) 960 99 25 Milk 1.2 1.1
Concentrated feed ( maize grain) AN .
WS LR 68.5 7.1 AL 45.3 4.7
Increased mass of animals
Purchased feed Roughage o
*%’Eﬂiﬂ 736.4 76.1 JQD];EHE ] 282.1 29.2
Manure to the field
Concentrated feed e o Yk ok b
N 067 1 E i il SR IEN 108.8 11.2
) Volatilization and elution of manure
Total input HEMBESR R 385.7 39.9
Sale and biogas
i AT Total output 967.1
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Table 3 Nitrogen use efficiency in mixed farm systems

745 WAR A AMHR

System Nitrogen Nitrogen ~ Nitrogen use
Input Output  efficiency (%)

FIHE R4 Cropping system 764.2 317.1 41.5

(kg-hm™2-a™!)

FEA 258 Animal system(t + a™!) 967.1 190.5 19.7

K F S Farm system(t + a™") 1247.6 507.6 40.7

R A W 3K A R R A A R
36.9%.
2.3 RGYRGEMAFHR

RIMHET LAY TS FREMARGE AN
AR 58 B ST R = RGN 3R
PRI, FEPRIR A AR T SBT3 A 7= R % 518
A= RG22 R B 3R G IR . AP R 2 G2 BRI R
R 41.5% , FRIA R GEAL, N 19.7% , 5251 A H]
FHZ N 40.7%.
2.4 RGRGRI 530 BURAE 73 B

AWFFENG 2015 AR A 77 2 58 2 8 L 52
BREUEAE R SEMEAE , 43 S s FhAE A SR A 7 RS
B3 AR 5, IR i ARG S TR RGN
REFI R,

15 1 ARREZUEH 28D 50% , A HLAE it H =

AR MRPER 1, R HABARN190.7 kg« hm™ - a™',
Mk HALAE ) & A 392.5 kg « hm™ - a™',
B E K A RIS A BRI 50% , HA S AR,

1850 2 58T Y AT S A i ARG TRk K g A
F 2/ INAZ 4 T BRI 7D 50% , ol F 6 K B Hh A5 42 Y
K NFE - B KPR AR 2RO B K- T K AR AR
K, BRFIE R G AR AN, HALSBORAS.

T8 5% 3 MPDRMESR A R R4 & 10% , oA 241
AAs B AR, ek 1R SRR
RAIRIER e Se /R SORIRTE XA =A Gk 2P
FIFHF(15% ~20% ) 70 ik ] WL, 4 Ak b B e
IS TIERDRRAS 7 257 0] LG i b 4t v 75 A ™
RGN RHR R B, A 58 78 A BRI 9K
PR AL UM FH 2R A HE BB 52 N 1090

3 P S o BT I 5 SR L 4 sk DR e (R it
(TS 1) REBEDFPRIZE (155 2) Mk
BEt (s 3) Wt m Kk RA AR 5
2015 AEFEAERAR L, 16 5 1 A RS BRI R4 5
T 34.6% ,RGE SR RS T 18.7% ;1H 5 2 Fh
MR GRARHRIE T T 15.6% , M 4R L 1] 5
% 15.8% , K F S HFI 42815 9.8% 5 16 5¢ 3 k%
REFHRIERE T 19.1%.

x4 FEBEETREFRGEAFAZE
Table 4 Nitrogen use efficiency of the farm system under different scenarios
BH HEH I R B R R G R A LB R S SN R LA FHAGAMME  KGRGERFHZE
ltem Loss of N Surplus of N in Nitrogen use efficiency Ratio of purchased Nitrogen use efficiency Nitrogen use efficiency in
from fertilizer cropping system in cropping system feed N in animal system the whole farm system
B EE S BE SHEE ME SEEE BE SREE S B HEEE BE SREE
Mean i 1L Bl Mean 1 e il Mean L6 Bl Mean i 1L Bl Mean o LL g Mean L6 Bl
(kg+  Percentage (kg+  Percentage (%)  Percentage (%) Percentage (%) Percentage (%)  Percentage
hm™2) of the hm™2) of the of the of the of the of the
basic value basic value basic value basic value basic value basic value
el 256.4 100 190.7 100 41.5 100 83.2 100 19.7 100 40.7 100
Basic value
5l 181.8 70.9 69.1 36.2 55.8 134.6 83.2 100 19.7 100 48.3 118.7
Scenario 1
fight 2 243.1 94.8 141.1 74.0 48.0 115.6 70.1 84.2 19.7 100 4.7 109.8
Scenario 2
53 256.4 100 190.7 100 41.5 100 83.2 100 29.7 150.8 48.4 119.1
Scenario 3
3 i " B 2475t FH 1 (537 kg + hm™ - a™') it H
g 4

3.1 YA A

AWFFE AR 7 i 2 5 A E 2Ok A LR A AL
B, A SRR I, Aok B ARAE R AL R Ak
674.6 kg - hm™ - a™', fi FAE R G0 AU A S 1Y
88.3% , iy TAEAL V- I A /N A2 - B B OKR PR A AU

B =K F R (/N2 5500 kg - hm™, >k 6000
kg -hm™) fE ¥ X A K M H oK & (311
kg - hm™ - a™") P L, SHFMH A S AR N
KEBA BAREH]190.7 kg - hm™ - a™' | B TR%
P86 kg - hm™ - a™') Tk E# (75.9~123.8
kg » hm™2 » a™') Mg (136 kg - hm™ - a™') |
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LR (100 kg - hm™ - ™) FEAEAL TP JE/IN A -
FRMARGE R BRI R, W T far %
UM B E B A B2 R AR 24 fie e R (E (1100
kg « hm™ « a7") PO HATR G A R G AR R
HA1.5% , AL (AT ) 2o e 2 i Al /L A A o s A
FFH AR A B AR 17 S5 40 BT, 2SR e 4%
A D 50% (15 1) B, RE AR BN 69.1
kg + hm™ - ™' FHE R G A A4 R 34.6% , 437
ARG R SA RIS 18.7%. [H Ik, A4 31 72 K
T, WARYE/INZE | KRR | T R AR A RO AR R
Jo AR 38 240 A R Uit FH o, DR AR AL
At IR R R R R R

3.2 R GVEY R S5

HurA G B2 L/NE -FORECh & e
R R, AR A — . FORFRE AT A 4 Fn i
85 A B SR AR R IR, 5 SR A R AR
BRTRARVCE T RIEHF s ah 3, 7 A &
N APANIAKTE S WA ki N P S B S8 AN = - ]
83.2% , AW Rk L B A R AL IR 3 R GE AR %
A PR 22— 35 Y BRI A 37 24 /N 22 A T R (55t
2) B, FhOAE R G0 A B AR R AR, AR R R
15.6% , NIt B 5 T4 3% 2 G0 S /R . R I,
YN 2 AR T AR, 3G T KA T AR, (Rl iR
FEK B | PR BT R A R 1 AR
AL BENS FEAR A M T Rk 210 E A7), 45 s R 3R o0 A
M H AR A P O G RE R A AR B R
P RS e A A 0 NI AR T A R
G2 U5 FHACR.

3.3 HEEMEAFSEARAIH]

BB EE AR FH ORI R I RN SR AR 1 LAY
2 S PIRE-FRAH A 77 2R G0 AR 41 IR PR A
R AR A, 575 RS 2R HE A &
776.6 t + a1 AE A HLAE IR [ FhRE 2 48 B4R
36.3% , R 2R GEIE R A S B 1Y 41.8% AR
Liang 2 [40] . Van Kuelen Lz 4] BB 55 45 5 4 4
WA 7= R 2R 26 DRI EELARE B R FH T ek A A SRt P
T2 70% ~T4% A5G 5 1 hisi b 1T AR AU A
50% , AL — 2538 N3 & 2508 134 1 LU ], 38 2308
T 22 I it P i, (H 7S 2% A B M 3R BT 1
o VR i ¥ U XU 45 28 4 ) >4 H i 3R 6 o
il B B A AR o e P AR v, R 2 Bk K
PR 0L AR B | A AU R BR A 170
kg « hm P AOARHE. B T RRIN 5 3 A BRE R N
Py sAFAEAR K 22 5, L3R [ B i 1) 52 b 48 25 L

B A N R R SR o B REOR.
I, FEAN B B A S S R B AR ) R i T
BB 48 5 i 8 28 A4 T EL 31, S B A
FIFRFE A DI A JiE | 4 i A 3 SR ol SR A Y
AR Z —.

4 & &

RGIKFET, ERE R REN 190.7

kg - hm™ - a™'  fLAEFIA HLAE A9 2056 FH o 5714 674.6
kg - hm™ « a™' | R A ZE 1K) 88.3% , M R AL A

FIFHZN 41.5% , it N0 2 3k 8 2 5 A 20 FH SR AT AN
REB R RN FERH ;7525605 7 R G A H
R 19.7% SN GRFHE HL B RS A R =
83.2% , FEIRHAFAE BN 776.6 t - a' HIEH AL N
36.3% . 4¢3 2 55 1) RS R %R 40.0%. 15 5% 4 Bt
FEU I SR B A A it L 50% (3 1) (B
K B ARG EB E KRR R (1 5 2) S, T4
S = AP AE R 58 AR R 34.6% F1 15.6% , [A] B 4%
YK RJUa R 0 54 =5 18.7% 1 9.8% ; 73 41,
PRALFRIE 72 Ge )k 2 #2328 = A 5 LR R 1Y
AR, AR R R R 10% (15 5% 3) B, &
SRR AT R 19.1%.

R, X A b JERh 75 — R BB AL A 5 46 7 &
Gk Ut ARYEVED RIS T ZURE SRR I R T R
S PR AT SRR APR A A UM = R AR b R
SERAR EOR A N UL I i DA R R e 2 PR A T
L BRI AR TRV 25 K0 S R e, 12 1 R G ELEVR T
S SIS RN AT 4R R 1) E B it R AR
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