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Characteristics of Nitrogen Flow in Typical Crop Production-Livestock Breeding System in

Xiaoxing'an Mountains

WANG Qiaojia', HAN Ruiming®*, CAI Zucong" *>, HUANG Huang', LIU Jin'e?, XU An% YE Xiaofeng’

(1 School of Geography, Nanjing Normal University, Nanjing 210023, China; 2 School of Environment, Nanjing Normal
University, Nanjing 210023, China; 3 Jiangsu Key Laboratory of Material Circulation and Pollution Control, Nanjing 210023,
China)

Abstract: To understand the input and utilization of nitrogen in crop production-livestock breeding system in the area of
Xiaoxing'an Mountains of northeast China, Dailing District of Yichun City was selected as the study area. The material flow
analysis method was used to decipher the processes of nitrogen input, migration, transformation and output, nitrogen flux,
production efficiency and environmental load in crop production-livestock breeding system were calculated. The results showed
that from 2007 to 2015, nitrogen flux per unit area of the crop production system and the livestock breeding system tended to
increase, which was more obvious from 2007 to 2012. The quantity of livestock breeding and cultivation structure of crops were
important factors affecting nitrogen flux. The average nitrogen utilization rate of crop production system was 64%, indicating that
crops could effectively use nitrogen. The nitrogen utilization rate of livestock breeding system was only about 19%, which
remained large space to promote. The environmental nitrogen load increased year by year, which was attributed to nitrogen loss of
manure and urine resulted from the rapid increasing number of livestock breeding. To reduce the environmental nitrogen load for
the efficient and sustainable development of the crop production and livestock breeding systems, it is necessary to strengthen the
management of livestock breeding, reasonably control the number of livestock and poultry, improve the utilization of manure and
urine, meanwhile reduce the input of fertilizer-sourced nitrogen.

Key words: Dailing district; Crop production; Livestock breeding; Nitrogen cascade; Environmental load
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Table | Parameters of crop production system
E e Hfr y¢[EN SRR AL 1l
Tk PN B Tk OKE O B¥
FPRLR S % 1.38 5.50 0.22 Ay 1 AH R N, kg/(hm™a) 15.00 45.00 15.00
FEFFAFRLLE - 1.60 1.00 0.10 IR ML E A % 2470 15.00  15.00
FEFF RS B % 0.92 1.81 0.25 SR AT HLALIE A % 20.00 20.00  20.00
FPRLALE H AR % 7.00  100.00 5.00 SRE AR (N )/ A it 4R % 17.00 17.00  24.00
AFRLE AR % 74.00 0.00 30.00 BN,/ LA i A 2 % 20.00 20.00  20.00
AR R A X 0] % 19.00 0.00 65.00 Rl (N,0)/iti & i % 130 130 1.30
FORAER S % 25.00  23.00 60.00 A IR A T it 2 % 7.00  7.00 1.10
FUBEERE A % 0.00 20.00 0.00 T TAR R A HUIE it % 20.00 20.00  20.00
LR UV ) e % 73.00  55.00 38.00 TRV A5 2R /A N it 2L % 1210 740  30.00
PR R A 25 1) % 2.00 2.00 2.00 A5 % /A AL it 2 % 500  5.00 5.00
FEFFREH % 3200 17.00 90.00 KA R AR N, kg/(hm>a) 12.93
Fi A EAE DR % 27.00  34.00 10.00 MK S AR N, kg/(hm®a) 6.60
FEFF AR % 30.00  44.00 0.00
FEFF R H [ FE B % 11.00 5.00 0.00
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Table 2 Parameters of livestock breeding system

E e BLf7 HE
b1 4 * K& 4
AT i kg 100.00 477.00 45.40 2.02 462.00
A L £ % 60.00 - 55.00 65.00 45.00
R A % 2.80 - 3.30 3.40 3.10
H Ll % 13.00 - 24.00 20.00 20.00
LEREE % 1.90 - 1.90 2.60 1.80
B i LA % 27.00 - 21.00 15.00 35.00
Al 7= i % 2.20 - 2.20 1.50 2.20
HEAE % - - - 2.10 -
LLRE R % - 0.50 - - -
FEAE AR N, kg/GGk- a) 7.58 29.34 4.81 0.37 29.34
PRVBUR HE N, kg/(Gk- a) 3.93 19.45 0.94 - 19.45
FE PRI H L A5 % 18.00 27.00 11.50 11.00 27.00
FEIRYE K L A5 % 22.90 17.90 26.20 25.40 17.90
FEPRIEA KA LA % 44.60 29.1 52.10 55.80 29.10

123 AEWT AT L EEEABIGRSII RS H A RAREIETENR 3 ~ R 6. TR LI
A5k B2 3 . QAR GRS ; QR BRSNS R, LU XA EmAWE 1, 17
MARGEFEI; QARMA LI, FTRERA  BUAPUL S B Ao S 5T A5 A

£33 REEFTFRERMANREE

Table 3 Formula of nitrogen input in crop production subsystem

S AT AKX
e YRt S K-> Al T AR
IS E R TTR S U E U b L B W
AT id PR R FTAFRL L <R FTF 4038 3 H AR AT 1 2
ERX7IE TZ AVl TR < 2 (] R ol TR A T AP <l A R
BEFEIR BB/ BOE R AR IR AR O i<k R
NHEIR UNBESEEE ¢ < 38 e5u3tE
KA IR ATARP NG S SUES
K JRE R T AP K R 7 1

x4 KBEEFTFREZMERER

Table 4 Formula of nitrogen output in crop production subsystem

UK 114 HHEARK
KPR FPRL™ H R R 5
AT R < RS FPRFRL LU RS AT R B
FEHE A HLAL 235 & AHE AT HILHEE 84 < AL HE /A HLAL 2845 & 45 2k &%
AL A HLIE R A L AHE AT HLHEE 2804 < AL HE /A HILAL SR Al 45 2 %%
AL AT HLIEAR A 2 PRE /AT UL 2 dat < AT A HILAE A A 2 3R
PHE /AT HLHE R P 45 2 PRE /AT AU Z At P T A HILHE e 453 2 36
BARTLIEMAR AR TH A7 1 R G0 R A PR U T AT AU - BE AR - AR IR R
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Table 5 Formula of nitrogen input in livestock breeding subsystem

S ATt HHEARK
TR FPRL 7 B oR PR B <] T LE 4]
FEAT A HPARL P A PP L <R FF 2R He <A 1T L A7)
AR FPARLF™ H R R At oRP AR AR L 91 <A T L)
JoF s 3 A R R NI A B ™ Az b x N D B0 A B 0 < o A B AR DR LE 91
B ER YRR FHER YT SRR B G R W AER R L)
HARER BE R A B R R

x6 BFERETRZAMUBER

Table 6 Formula of nitrogen output in livestock breeding subsystem

UK 1 T HHEAK
. W &, PyrEE R
A B AR/ A O A > YT 7 LE A9 P R o
o BB A Ao A B I LB R
BRI BB AT AR BOE <RI T o PR R
B EFIRIEALR BB AT/ A RO IR AR B <28 RS Boadt LA
FHIIRIARS B AT/ RO IR AR B <28 RS B 2 LA
FEFRIEAIRM BB AT/ A BOSE FRARME HxFE SRR B <l A KA L1

124 HEWIHHESER  ARMARRMERE ) EERER

R AACR A ZR bR AR ARG ARER ST A

MFHACE, AR ML SMANEERN & 21 REAMEEHMESESEEMEDTL

A 2 7 AR G R R P AR R B U B R AP IR B A AR , A IR B fE AR
AR RS AR AR E 4 L, BIAR HAE 7 RGAFRL F.2007—2015 RIS X g R SE M IS 45 2201
I R A AR SIS SRR A . B AR 3 R RAEWIRI LS R A, %
RIS ARMABMZIL. B EFHARARMN B S B b T, B T i S Fhe
HRRRSW M AR SR EFMARABRA WAL 2009 FLUJGF, KOFM-EBHFFE, E
BRESG, Wam S ARGMIIE . Ui, WRIE k| SRS m R gie b, & & FR R 1Y
kB ERIRI = ST A R R S AR R e ANTR SO R B T 2007—2015 4F

SMAZ L FEFABOEIEKT 2.7 £%, HBOFRHEGEEK T
_(A) _(B)
PO ik e kT a3 288888 [ =3 —— 13— KB4
- 700 000
1200 600000 |
& 500 000 -
~ 1000} =400 000 |
& i =300 000 |
= 8001 7K 200 000 |
E . i 100000
m 6001 & 25000
& I S 20000 |
- =
400} = 15000 |
200 10 000 |
. 5000 -
oL 1 . PR O T S I 0 P A 4 $ ——% A——4
2007 2008 2009 2010 2011 2012 2013 2014 2015 2007 2008 2009 2010 2011 2012 2013 2014 2015
(R Ay

3 RAMEEHANEEFREHEB) T

Fig.3 Changes in farmland cultivation structure(A)and livestock breeding number(B)
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FSEI , T 7 85 % AE KLU 32 4 b T 7 A2 B i 2 1Y)
FEMR, R T ST X IR AT (A B8 g B R 13 45
A4
22 BUEREERIE=E

2007—2015 4F, W58 XA B A 7= 2 40 A 1 FX
AR CAEATT, T RDHA S S AR F g (A
4A), FEPRAE A S RS, BRI N T 1.46
5, AR AU ATE 2007—2011 4E (6] S 5 b TH#a#,
2011 4FJE M TRaE . [ 2012 4R, ZEPRAE PR
BAFMA S EER A, SO A REER
RIS . AP HEE, 2007—2015 41
]I X B 8 SR A AR e b, S B PR T U
KEHIN ., 2008—2009 4F, AF5% Xk 3= AR Y FAE
T A A, R SR AU e 1Ay, AEEA
IR IET, H1 0.36 kg/hm? FTFZE 0.53 kg/hm?, 2014
—2015 AEAFFE X AR B E FUR AR B AR 1R, 2007
—2014 AEWIEATIS X B AR FEZE 1 342 hm?,
2015 40 T+ 4 2 038 hm?, SEHR IR 2 A&
FIEWE K Z A B B3, RS = a3, K&
FAF & Ui 5, 38 ki i AR B AR 7 R GRS FEAR
AT BT, 2009 469 0.08 kg/hm® T2 2012
(7 0.15 kg/hm*. Fh-F%U AFE 2008—2009 4F45 /M |
Tt, M 0.02 kg/hm? FFHZ 0.04 kg/hm?, ZJ5fRHaE
AR AP R G T AR S D AR TG
WA 4B FEoR , Hoke b U ik R OR , 2008—2011
4E 1 0.81 kg/hm® | T+ 1.46 kg/hm?, [ 2012 4E LIS,
Frbr R O E , TRIB AU ASEARFRF, 28R
R L, BIRNEESE LRI KT, fr
HEARSHKIEARA T Z . TERENZ,
2009 FZIERART IR AR N AE, UL g
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04L W
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WL T, 1 ROZ IS R R T RE SR AR VR e
L SRR REA, B2 HIRARIEANRS
FEAreR . Hidr, 2009—2010 4EAI4 X ZUIE H A RS
DY 10 t, FEIRILEAZIG N 13 t, SARAIEY
BRI, FRRLRES R R AT £ 38 ¢,
+ R R B L 22y 38 t. Springob Al
Kirchmann®*F5e £ 0, AL EN fhE R T E 2
TR AR ZRBRCE AL eR, B+
HERR R S MR ROE R (n=23, R*=0.88). FEIRIEIEAN
SR A HIERE AP A I A L K
TR A AR, ATREXTHFIA X 2009 4F LS R
TR R A —E BTk

2007—2015 4, WFFEIX E & FRH R Go v i f
REMAR,WE S s, 2 EFHEE B 2.61 kg/hm®
FFAE 871 kg/hm®, & EFIHE ARG T AR LA
BHE A, B8 IR E0R B I3 SRR T K
ARSI, AR ARG BB IR R G KE
TH2 R G0 = AR R AL TE T 3 B R oK, R
T A AR HE CDEL A R GEAME A SE iR o i
AR AR AR B B RGO E AR %
K, ANBFBFRERFERAIAN 79% ~ 87%, HiK
S FURAMERRL 2y, AN EEREREABAM
7% ~ 12%. 2008—2011 4, T RIEYIFERIRES
R, DIRR = a4 Tt, FORIERERR /- 2B
A3 2 | BRI T 50 004k T A 7 3R 4 B4 A 7 ) R
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E R DA A 3 TR DR e
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Fig.4 Nitrogen input(A)and output(B)per unit area in crop production system
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Fig.5 Nitrogen input(A)and output(B)per unit area in livestock breeding system
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Mo bR F— i AR R RS EEIE 50% ~
90%, ZLFENRGERZSRKANFIN, ALK
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Fig. 6 Nitrogen utilization rates in crop production and livestock
breeding systems

B IREH AR G R R AR — B T B AR
PERGE AR X B IR RS AR A RTRETE 19%
Ziftio — A, ARAAR<S0%, REHART
MFRAAEE BRI =0 B TR SRR SR
FH AR GERE i TP o HE AR BB ELAR A [l A
P LRI & 97 0H R LA R FIAIRAEEEBOR . 53R [
FAMB XA L, A7 X & & SR R SR F AR A T
KR 7). WL, RS IRE AL AR
R — 5 s 2R & @ AR AR, BRI,

R REFRAHREFFERRRRMARIL

Table 7 Comparison of nitrogen utilization rates in livestock
breeding systems in different regions in China

WFFE X 5k ERFMAGARAIR®%)  SHH
g 18.6 ~19.9 AR
KHHIX 132~ 145 [42]
HIE I b IX 28.0 ~29.3 [43]
AR 14 ~ 30 [44]
A 11.14 [45]
pN iR 8.1~11.4 [15]
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Fig. 7 Annual change of environmental nitrogen load
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