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Characteristics of production—consumption balance and environmental loads of nitrogen in food chain system
in Changshu City

ZHANG Ning', WANG Yan-hua'*, YANG Hao'?, ZHOU Wei?, CAI Zu-cong'?

(1. School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 2.Jiangsu Provincial Key Laboratory of Materials Cy—
cling and Pollution Control, Nanjing 210023, China; 3. Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,China )
Abstract : Changshu is a developed city in the Taihu Lake Region with intensive agriculture and dense population. It was reported that ni—
trogen was primary pollutant of the surface water in Changshu City. To understand the characteristics of nitrogen flows in Changshu food
chain system, a nitrogen flow model in food chain system was constructed. The model was then applied to calculate the nitrogen fluxes in
crop production subsystem, livestock breeding subsystem and household consumption subsystem of Changshu City from 2000 to 2013. The
characteristics of production and consumption balance and environmental loads of nitrogen were finally analyzed. Results showed that plant—
derived food nitrogen had an average annual surplus of 2 171.54 t+a™ from 2000 to 2013. Animal—derived food nitrogen showed a little sur—
plus of 47.71~56.92 t from 2000 to 2002. From 2003 to 2013, however, animal—derived food nitrogen was short of 210.03 t-a™. The food
chain system lost 23 382.70 t N-a™' into the environment. The loss rates of three subsystems were 65.39%, 69.03% and 68.16% for crop pro—
duction, livestock breeding and household consumption subsystems, respectively. The lost nitrogen caused an environmental load of
18 101.95 t N-a™', 40.33% of which was transported into water, 29.65% into atmosphere and 30.02% into soil. This revealed that the nitro—
gen loss rates were relatively high and the environmental load of nitrogen was huge in the food chain system in Changshu City. Enhancing
nitrogen cycle utilization efficiency and decreasing nitrogen inputs in farm-livestock production would be critical to nitrogen control in agri—
cultural system.

Keywords: nitrogen; food chain system; production—consumption balance; environmental load
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Figure 1 Nitrogen flows in food chain system
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Table 1 Parameters for nitrogen losses to environment in chemical fertilizer, irrigation water, biological fixation and organic fertilizer

Z Parameter FAf3f Unit ZBUETE ] Value range ASHFFTEUE Value used in study 2% CHk Reference
A AR S A
| EAERERLE % 30~33 30 [4-5,28]
Nitrogen in compound fertilizer
B A S 2L
| TRBOKE R ke N-hm™ 20~35 263 20]
Nitrogen in irrigation water
= Y BB S 3%
| RTUADREER - kg N+hm? 17.78~62.20 38.53 [19]
Rate of atmospheric nitrogen deposition
T s % .
Rate of chemical fertilizer NH; volatilization % 0.77~39.00 134 [21.24-26]
Tl e .
Rate of chemical fertilizer denitrification Q 21.6-37.0 291 [4,24-26]
2 Al %
FIRIELLHLAR % 13~20 20 [21,26-27]
Rate of manure denitrification
FEIRNEE R 2
Rate of manure NHj; volatilization % 12.6~527 12.6~52.7 23]
S VR G R % .
Rate of leaching and runoff in vegetable fields 7 10.56~40.06 31.10 [11]
SR A s g2 s TH e v 2 3
AR F R A A v % 37 57 (21-22]
Rate of leaching and runoff in croplands
o RBAE 5 2%
| URMEBRRE ke N-hm 73.5~144.0 80.0 [21-22]
Rate of nitrogen fixation by leguminous crops
o RE A
AR STRHED A S5 ke N+hm 10~30 15 [21-22]
Rate of nitrogen fixation by crops
R2 BERAETFRESH
Table 2 Parameters for nitrogen in livestock breeding subsystem
S HRE A EL B WA S B LA HRAR g7 qy] R R
Livestock Body Percentage Content Percentage Content Percentage of animal Content of animal
and poultry  weight/kg of meat/% of meat/% of bone/% of bone N/% by—products/% by—products/%
¥ Pig 100 50 1.5 13 1.9 37 22
f Cattle 477.3 45 2.8 20 1.8 35 22
f Sheep 454 55 2.1 24 1.9 21 22
& Poultry 2.04 65 2.7 20 2.6 15 1.5
4 Rabbit 2.1 65 34 20 2.6 15 1.5
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Table 3 Nitrogen content in food
i RS INE S -2 ST DRSS il i b kel B
Food Rice Wheat Maize Tuber crop  Leguminous crop food Vegetable Sugar Cake 0il
ot
. 1.40 2.10 1.60 0.30 5.80 0.30 0.06 0.11 0.00
Nitrogen content/%
B HEES WA AP TR =1 PWEdaL SN W52 Sl
Food Alcoholic beverage ~ Pork Beef Mutton Poultry Meat food Egg Dairy
R
’ 0.00~0.06 1.50 2.80 2.80 2.70 2.45 2.20 0.53

Nitrogen content/%

RS N EN ARG P oA R, ST
PP S A P54 H T REAEWIGR &+
BT S, B A (2) VRO 2 & 3 AR P
ER S LR YA Pt g A IEE & T
RGN R SR AR R R R A R R
O NEMAEN TR, AR AR (TR MEMA

S=0 i, FRIZ A= £ i ZUA L 2 R R
7oK 5 S<O B Az /D FREaK 5 S50 B, AR 7 i 75K .
1.3.2 AP E R

F 58P AR BRI TR R 1 U2 RO IR B 46
KA AFEAR H T R Gl & AL O 2
T JRBR K ESAAENAR . FE TR
FEPRA B AR KRR R LR FKE T R G
Jet A b PR BRI AR SRR R R . B
et ARSI A RS AT A TR LARS FT A be tb
A3, FAR A OB e R A SE i A (2)
(5).(8) o MIIABE MR A B Z AN AR IR &,
P g T AT

R=L/N,,,x100%
KR NEARIMEIR R L AR BE AR Ny

1.3.3 A E IR ff i

AR A E A A = T EY RS H
RBZG PREE 1 TS YL I R R B0 . PREE 7 i Ui S B
P15 R X FE TR0 E AL R ) Nao
S A B P T e AL A N,O-N 3, 418 24 =Xt
RS HER R -+ SeHEicR ", I NO 45
He 74 0.66%, 7K H . PHHEE S AH 50 0
0.76.0.78 kg N-hm?, HA/ T8 1 Bk

PRI R RN o
HR5WR

21 BV RGEREETSERE AT

B ERALE R S EREPRE R E T E HA
FAH TR ERRA . B 2 AT, 2000—2013 4
B AT AR M A A B, AR
4 562.09 t FEYIME B S AL, RSEPRIE 9% 2 390.55 t,4F
WAL 2 171.54 t, BEURTE 36.40%~62.51%2
(], fH27 37 i T8 2% 75 R, B 2 M A AF#R 0T LA ) A1
Hu kAR VEDD ™ o T S P A R #E 2000—
2002 445 56.27 47.71 56.92 t /BB Ay, B BeRTE
5.75%~7.12% 22 [i1] ; I\ 2003 4E 2, 2 £ A = 4L
B —EOA R AR BivD 210.03 t, ZL 0K R -3.54%~

—He =

Anf R B

2

4r 3 PR AR B O e Em B s 180
| O B - S £ R RLR =11 160
§ _ L g L W i} 1 uj ‘;40 <
§§ * ....... 10 FKQ
SN B B B e N -
B I R
@E’i’ LEL { Bl {-40 &
of R i B S 1 R I ¥ |
: - {60
12000 2002 2004 2006 2008 2010 2012 180
4

2 E#TH 2000—2013 FRAA AR
Figure 2 Surpluses and deficiencies of food nitrogen in Changshu City from 2000 to 2013
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Figure 3 Changes of food nitrogen production and consumption in Changshu City from 2000 to 2013
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Table 4 Step—wise regression and path analysis

[B[J3 77 F2 Regression equation 78 i Independent variable #2248 2 #( Standardized coefficient beta R?

4318 4% (e )Residual path

Y,=-3 850.226+22.072x+
131.995x,—113.615x3-76.898x,+
11.332x5

o, A A Bl
o, RAFHFERITHI A
o, FELIE £ i T SR
xay SN AHGE
xs, RAEH) B
o, S AT R
o, FARHE A

s, B B

Y,=0.575-10.760x,+10.902x,+
0.360x;3

0.269 0.989 0.105

1.564
-0.501
-1.134

0.248
-0.499 0.998 0.045
0.494

0.149
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Figure 4 Mean annual nitrogen loss from food chain system to

environment in Changshu City from 2000 to 2013
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Figure 5 Annual environmental nitrogen load of food chain system
in Changshu City from 2000 to 2013
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Table 5 Step—wise regression and path analysis

[8])9 7772 Regression equation [7F# Independent variable E4%i# 4% 2% Standardized coefficient beta R?

o, RETREARBILK
o, B TRERRBLK
s, i ISR A

Y3=0.036+1.004x+1.078x+
0.532x;

Tl 43125 (e )Residual path
0.983
0.312 0.999 0.032
0.068
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A FAZ X B 1 kg HEWE B b 0K BR ik 2.80 kg
WG A, LR EREPZ 1.22 kg BE TR
S BRI B ff LA S TR 7= 1 kg MBS A
PRl A 4.93 kg FREE AR, AH LS T4 ELEA
IKF-(4.17 kg, IZIXFKEETE T8 T REH A 1
of R TR A& B P R, AR NS R
2.08 kg, = T4 1.53 kg AR 3 SE A5 2 i =
R 2% 3 220.63 ¢ ZWAHPITE R AU AR, IAE Y
Tz E R 1 kg BSR4 FREE1E ) 0.68 ke
R, MR E 2005 47K F-K 0.50 kgo X HCF HE
AT 2000—2013 EEYIHRER R I s RG4S Y b IS
1 B R AT R R T A K
2.3.2 Y R G A IR S K IR BT R

AT X2, KA, Pl 5 50 DA K K e
ATEBR MR R A S AT G YOKIE . ARF5EE,
2000 4 DIkF- 3 RAEA 7299.83 t A BYEE RS
HEA Y KRS . Ti SN H AT 2007 SRR IR A &R
I AT 3 A 58, A FE R & POl ol T
b AR TE S Z TR 8 108.3 ¢ &L, A5 [ 44k
AN 69224t H. BAENMILZ ZMAE AKX
A, JoBE S (KISl 215 e

T KRR E A7 fr P 38.07% 46 I 4% HI A=
FEIE S, 34.18% KT H B IR IE 3, KE R YIH T
TGl d 27.75%. 54 EYLLLITIHRES #iimaes -
T TTPAEAH EL 3 AT [ 7 R G KRB A
Taf (9 BT L 81 22 S /N (T 6) o Hla e - PR R VT BT 41
TAL SRR b i) > b TR 3 R ARUER 2 229.74 15 H
AJLIFIE Kepau ] Jii 3l— 4% 37 55 4F 7] Kepau [ A
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1981—1991 4F £ K Fraser N4 1R HCAE 7= 1 sl 3
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Figure 6 Sources of water nitrogen load
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Table 6 Step—wise regression and path analysis

[8])9 7772 Regression equation 75 # Independent variable E4%i# 4% 224U Standardized coefficient beta R?

o, JEARBIR R  HeE
o, BRI AR
s, A AR 0 2R Ui
x, i RRIEDR B A it

Y =-0.034-0.778x+0.644x,+
1.305x3+1.19 14

T 4542 (e )Residual path
—-0.380
1.198
0.994 0.077
1.050
0.666
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