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Nitrogen flows in intensive “crop-livestock” production systems typically for the
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Abstract: A further increasing demand for animal products is anticipated owing to the growing population, rapid
urbanization and improvement of living standards in China. This is leading to the development of large-scale livestock
husbandry in peri-urban areas at an unprecedented rate. However, the rapid development of intensive animal production has
resulted in greatly negative effects on the environment. Linking cropping and animal production systems is very important to
realize the improvement of nutrient use efficiency and reduction of resource use. Consequently, a systematic research on
“crop-livestock” production systems is urgently required to provide a scientific basis for reducing nutrient losses in China.

In this study, three types of “crop-livestock” systems in a village typical for the peri-urban area of Beijing were
selected. The first type was an “intensive pig farm” , which included pig breeding and crop production; the second type
was so-called “ecological feeding gardens” consisting of 160 small pig holders; the third one was a “single cropping region”

which had no animal production. The characteristics of nitrogen (N) flows in these three systems were analyzed using the
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nutrient flows method. Of the input components, purchased feeds (IN1), chemical fertilizers (IN2), purchased animal
manure ( IN3), atmospheric deposition (IN4 ), irrigation water (IN5) and asymbiotic nitrogen fixation (IN6) were
considered, while sold animal products ( OUT1 ), crop products ( OUT2) including economic products ( OUT2a) and
byproducts (OUT2b) , animal manure (OUT3) and nitrogen losses from animal excreta during animal housing (OUT4) and
manure storage (OUT5) were defined as output components of the “crop-livestock” production system. In addition, self-
produced feeds (Interl), recycled manure (Inter2) and crop residues incorporated into fields (Inter3) were considered as
the internal components. Nitrogen use efficiencies ( (OUT1+0UT2a)/total N inputs (IN1—IN6) ) were used to estimate
the sustainability of the “crop-livestock” systems.

The results showed that purchased feeds (IN1) were the dominant component of N inputs to the “crop-livestock”

3

systems both in “intensive pig farm” and “ecological feeding gardens” types. Nitrogen input in purchased feed was
12469.0 kg-hm™a™', accounting for 95.9% of total N input in the former type, and in the latter type it was 9268. 5
kg-hm™a™" | which accounted for 97. 6% of total N input. The N application rate of chemical fertilizers (IN2) in the
“intensive pig farm” was 435. 0 kg-hm™-a™', comparing to the corresponding value of 135. 0 kg-hm™-a™' in the
“ecological feeding gardens”. The lower chemical fertilizer N application rate in the latter was attributed to the recycling of
manure N (Inter2 ), where 28.6% of the total excreted N was applied to crops. Consequently, this confirmed that the
recycling of manure N is an efficient way to reduce the application rate of chemical N fertilizer.

However, low nitrogen use efficiencies of 18.8% , 20. 6% and 17.3% for the “intensive pig farm”, “ecological
feeding gardens” and “single cropping region” types, respectively, were found over the study period. This can be partly
explained by the relatively high N losses from animal excreta during animal housing (OUT4) and manure storage (OUT5) ,
accounting for 15.8% and 25.4% of animal excreted N in the “intensive pig farm” , respectively, even though they were
8.7 and 4. 8 percentage points lower than those from the “ecological feeding gardens”. Positive cropland N balances
resulted across all three types of “crop-livestock” systems, especially in the “ecological feeding gardens” where the annual
nitrogen surplus reached 1962. 8 kg+hm™-a™" | indicating that the purpose of “ecological” feeding was not achieved as
planned. It is concluded that a proper animal stocking density associated with the optimization of N management and an

appropriate amount of cropland for animal manure recycling are the keys to solve this issue.

Key Words: peri-urban area; intensive agriculture; the “crop-livestock” production system; nitrogen flow
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Fig. 1 Demonstration of nitrogen flow in the “crop-livestock” production system
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Fig. 2 Nitrogen flows of different production systems in the study area in 2009
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Table 1 Nitrogen use efficiencies of different production systems in the study area in 2009

RAE M AR Nitrogen use efficiency/ %

A7 R 58 . e
Agricultural production system FNELES BHIER RH-FH AT RS
Cropping system Livestock system “Crop-livestock” system
LRI Intensive pig farm 34.0 18.1 18.8
HASFRFEE Ecological feeding gardens 9.2 18.7 20.6
HL—FHE X Single cropping region 17.3 — 17.3

SR AR HAR 2R R A RO, I TR T A2 2557 4 bl A R RAER R R A A B (LU IRy 2RI ik
2385.5 kg-hm ™ a" , SLiE A H FE AR AR R YR (B 2b) o EAEAR— B A0, 3 2 IR AR 31 F A A2

http ; //www. ecologica. cn



4 5 A UK AME A R -F O A7 R AR TS FRHE 1033

BFRFEPE AR - B A RERZFIHBCR SR A EFE W TR RARFHBCRAH A BT, MR, hT
WEFEPRAR M TR R PR ER L LML R IG5 A -0 A2 ™ R G R R FIHRCR I AR T A R R A Z A
2.3 ST RGEAE RSN RIAEEE )

U MO R ZEPR AR ZNT 5, KAVER 29 (000 S 288 DRAE 85 <3 RO s Ak 3 5 2 1 28038 0 2 28 43 il
15. 8% H125. 4% A= A5 5H bel # 26 PRAEAF N 1 F2 () B R R R0 5128 24. 5% F130. 2% , KW TCIL 2 M8 5 b &
FEPRABAL PR AR v KAVER LA R 1 28 PR B0 R SR AR T 2 A8 5 A el AL I A A0 R 2%, R TG, 388 0 A6 T
RS PR R 19 LU R I (1] 2a AR 2b) |, KIUAE 2 b BiORE 1 388 PR it i e 1) 48 2 at v 2B A o e el 2%
PRAFNE B R A 1, =36 B 5 PR RO S 38 DR 2 TR S B 77 A B TR TR 4835 K AL B T 2 L33 AR S 9 1)
T S HERA S8 FEIRES

AHFFE XIS A 7 R G0 3 AR TR B A I, v AR 25 3% 4 el 4 T B A7 T PR U280 A 1 e 34 1962. 8
kg hm™a™ M HISEHE L9 LRI I A — i DA FH (B AR 1 8. 4 AT S. 6 %, B nl DL a2l & /il
B A S TR A el A FH R AR [P B B 3 X A A SR A P 26 A4 114 3% 5 2 B 5 4 FH PR T FR R A R I G
2T (K 3) , BRI S B TEAE X (r=0. 5869, P<0.01) . SAT  VEM R ER B S KRR EZ
[EANFEAE B A OC (r=0. 1054, P>0.05) (1 4) . UL, PRl & A 8 3R e 14 B R B AR LS & A R 1
A PR UG

9000 y=16.322x +313.66 9000
T, 8000 | R*=0.3445 P<0.01 "= 8000 | . y=5.3787x - 310.5
B * b 2 —
5 S I . R2=0.0111 P>0.05
g 7000 £ 7000
i & 6000 f i'ﬁ £ 6000 ¢
S% sooof & 2 5000 |
e 4000} I® £ 4000 |
= 2 H® .
Kz 3000 ®Z 3000 ¢ .
*
2 2000} Z 2000 /1:././/'/
= & ot ‘0
S 1000 | & 1000 | MER
O © 0 . L ® A A )
% 100 200 300 200 300 350 400 450 500 550 600
FEFE % E Animal stocking density/(LU-hm™2a™") TEVIBOR S

N output with crop harvested/(kg-hm=-a™")
B3 £5FEREEFATESRKEERRNXR

Fig. 3 Relationship between animal stocking density and

4 EFFEEEYMEREESKEARARNXR

Fig.4 Relationship between N output with crop harvested and
cropland N surplus in “Ecologic feeding gardens” o . . "
cropland N surplus in “Ecologic feeding gradens

3 itig

KAVELAEFIE G AR - B A7 RAERR A S0 4 Hr 85 LR W, R IR R BRI R ZN
AP B IR AT RS 7 AR VR TR A ALK RETE S N AR BIE FR R Bk R R
AR N ETHEEIMER R BN, Hoh 82, 7% PR R KV TALNE , A b i AL NE 8 ARG I 1 VR4 A= 7 B B
A H KA LS IE AR RERR AL R T F8 AR AT5 G . AL T AR SR e A B P IR R S5 A
B MG R AGA T HBIIR B 30% A2 A, ik AR (A5 el DX A FH S A7 i AR AR IR Ui A B4R 135. 0 kg-hm > a™
AR R A RMARR 5. 7% , FFEH, Liang ™ S5AF345 R R, H AR Mikasa T34 A4 77 R G028 IR AR ER
FIFHA BB AR T A FAIE AR AR 70 AN A 43 sl BRI BRI R KAV 940 Fh R 3777 A AV W A
T S AT LT R AN A5 2 A 2R A IE PR A FHASE AT DAyl 2 A FE AR RE S48 A TR B 3 v DAREAIR 3 88 1R 3R AR 7= i R 1 38
BEHEL

AT G DX I =T 2B 7 A 3R A AR A ) R B 0 4k F AU Ay, BEOR D TR 45 AN ] 1B = 2 i D) 3549 A A ) 6L
(FLAEFNZENE ) A S TR AE R TR, — B KRB AR A R K10 A WA g, — 25k M+
et —ZFAEWRI A, ZRHEA KRR RS SO T5 Y, BT, BEs O Stk MR R B R EE TN
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A HH R R B HERCA A RS Y ) 0 SRR AR, RO VE 2 ik I SR R LR AP R DG I R I R AR
it AN, BT A 1 5T b RO A IS FRAS () i 2 UG R 8 D 5T DR BT 4R FH R R AF Ay BR 8 {43 591 60
kg-hm™a ' 1 100 kg-hm ™ a™"  #5d AR 2 7= AR B TS e KUK 20 Sun™ AR HE R FHAR H AR AF B At
100 kg-hm™a™ F1 180 kg-hm™a™", 43 HIAE Sy o [ 4 FHPF 15 AE BRI T Y R i R PR 5% 75 Qe i 48 A . AR B
REERE , AR R AR R T FIRBR AR A7 LU= B PRBE T5 Qe R . Rt 3 A J R R
POK R RS B R BB DIRRAR R A% o DA S M R O PRI 75 e XU

FRFREE G /IR A 2537 4 el 15 1) e ) I T — A < DA A -2 PR ™ 1 A8 8 B Al A = A
3, DR S B @ IR IR LG R AL 250 1) RO IA | S 2 S SRR AR GEL i IR 2 JRe , SR T A e
G R I A AS SR e A7 A6 7™ 1A T U AR (), BT T AR U AR =35 1962, 8 kg -hm > a™ | i R 76 F el [X 3%
PRAEH I e e ) T AR AR T 4, R Tk B0 A S SR A R BRAR R . Ao O R B AR I 3R
S 3K X I8 37 58 7 B i B b T B LR SR BSOS DG B A [ A H 5 Y L b ARG K B R A R R
M A R4l & A7 R G IR BRI EE RN E Z — X5 Bassaninno ™ Flwh 7 g™ S0 53 45 A — 8, it
AL E S BT 9 B 8 S IR A A T TR BRI ) 5 B R A ISR A DR A AR SR el A FH R A3 B AR TR Y 0%
S AT U A A A K AR AT RS R A R R 1 B Tl A FH Y B B 2SR A R BT 170 kg-hm ™
a”' o AR LIRS ARV i A A R el X A FH 2SR AU AR AR KRR, IR A 7E LR r 55 B RS R4 F LA A
MTEBL T, W ZE R AR AL R 300 hm® R AR R ZUR A FHACR R B 52 8 22 54. 7% , TRARAED S50k
A H R TR 4348 B 5 R0 Sk 2R S DL IC AR VR AR F TR FR 2928 230—350 hm® |, 5ARRFSEH 5 25 1 AH
FFCHES TR A AR A T S DA b)) o H ER 3000 DX it bl 55 oK SR 3 [] R SRS 0 b 20 0 7 it 7 e BT
K 2GRS AL o AR ™= iy, i AR A sl 7 RUBE 25 18 38 3k 44 /N 37 B RASE sl )™ SR R A 1T AR L)
FEIIAEE AL E AR, 26 S PR b aT BEAEAE— € OMERE . FESXFME DL T 210 3 & 28 JR58 11 5 B Bie
DI AT AR R i A ) R Tk 22— o DAARBFSE XS 1], B 29 A — R DXk HLA R AR i A LM IE &N
F A AR A 17. 0% BRI 5348 28 PRt A B — Rk XA B ASEL AT DL b Ffi X AR B8 A
LGRS (7 UG F B Wt NI
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