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Fig.1 Diagram of nutrient flow in farmland

1.2 REAFVRIMRANSEHE
1.2.1 REKRSEMANTHE

AR TR WS R R AT H BRI R A
ARG I EATHUL, AR e EaE IR A CK
AUTRE S BT LR A 5 R O I N AR AW I AN
ISOP

Iy =| D (F % Fypg + CR;x CRypyc + D; x Dyyp +R; xRNPK)}/AQ

A Ip——2007 47 Q MUK ST BALFEFI A N Py K
FRorm N (Hh P #EPTH POs For, K &4 K0 &
N BRI R RD: F O MBI i AR ALK
PN CR—— %R RSH R S s D——%R
JUESRIT S s R——2R 7 AR A B se i (S
Zz)zl)’ FNPK\ CRNPK\ DNPK‘ RNPK U\J:4 **HB%E@%
A CaRL B SIS ER FRRTEEND Py K RR):
Ap——0 Hu X [ SR FEF AL

PHAEFE 53 R N e vh U A 5 v A P 5 R AR
SN S I TR S R

R FFF7 53 i N B RS FE 8] FH 524 5 SRS A 9 4 2 i
TR E o« ARAEVIRE AT BEUR LT AEY . okl
TEY). Hde. BREFIBERMEY 5 KUY, dRIEY) ™ &
AR, Z7E 2% BRI M SERR s oL, 4 B
TREFFFPRIEL R B (8 1) U0 REFFALFE 5 XS5 A FT 7
SPRINEHAARG, ASCHFSFE M 6 25 Bk
TARLAME Y ASUEURE A e 2R TG HRRLRIHE & 1 720,
BRI U0, FEFT AR AR s 43 R 0 77 4
H; AEAETEBORHRMEE  90% W MBI T, &4 B

2y 1 AR B & 100%(F) P,Os Al K,O #iid A
FHRT, R AR R . EEAEMIRS AT 9E S R 4 B
MR EAHLIERR &) Uk R E RS AT 95 0 i
SIETFIME BT,

F 1 RIEMFTEFHRL L RS

Table 1 Parameters of different ratios of crop straw to grain

N N B0 S Liiiga EES ek
1.0 1.1 2.0 3 1.6 15
b 28 M=EFT "r HAbAr ) HaE

0.5 3.0 1.6 1.6 0.1

FEPRIR Iy i N B PR 0] FH S RIS IR IR 7 &
AR E - AR 7 BB H SR L R IR A, At
A LA S SR N B s R s . i TR R E AR
KA —#E, AWFUEE T SO R Seml Eafie T &
BRI, R RS EAT # A R HRI S Kk 2
FRD S, Je IR N 4 2% JRAURER AR
HEB RS BEARME. FEIRIF BRI ECRIT ChEA
PURERE RSy ) U2ep 322 PRIF A AR 40 B 3 1
RO T2, BEA DR B #EIE SR IR 00 E XA
NERHHE OF 200 I B 2R 0 200, #EA A
PR DT AR, AR

2 ERRRHMSH
Table 2 Parameters of animal excreta

i HHEsR/ (kg » d ) TRFE R /d S P HE R/t
b 5.30 199 1.05
B 27.67 365 10.10
LG 21.10 365 7.70
LU 53.15 365 19.40
= 16.16 365 5.90
oy 32 13.70 365 5.00
ES 2.38 365 0.87
XY 0.29 180 0.053
PRI 0.10 55 0.0055
iy, % 0.19 210 0.039
R 0.46 90 0.041

e ANRIHEM S W3 —4F 365 d tF 4, HRMbE Y 0.69 t.

VAR FE 43 f N e pH I FH R S5 A Y PR 57 40 2 1
PR K RME, WHILHIFE D& g AASECIR™ . WA
W AR 2 5 A P 56 e
1.2.2 REFKS;AKTHHE

ASCAR PRI 7T 75 B F2 0 W R I H & U N F FEIRK
MRS AREMAR BRI 2. KRR - RS
R a2t el ETf o SN RSBy Y BN Y Eh U el SE N )
5y (HAERI R AT AR, A RIK,; 1EAEER
BHI R AT A E A 10% K BERD, LLRHEE B 57 FE R
KREEANLRH TRy NG FEIRILKR B M I 7 5K
THE PR AL 5 A R TR 57
1.2.3  RP ROVEIFAR 2E

ASCHG A H TR I B AR R 1)K SR 58 IR PR A 2
FESNR s FER A Z= (R TR o+ 38R A\ F7
SHRNEFIATR ) /IR AW DT P EFEFEF AN



194 Ak TRE2EH

2009 4F

IR TN A KRR ST TR AR
Ik, TR A R S AR 7 77 M D A R

2 ZER5SH

2.1 AERXRAREERFRRBSFHAER
Znk oyt 176 AR 174 MRS, K

BL 2007 4 [l —Hu DR AR AT K BEN DL
PRt A A AR A IR BT B 2257 (HIRA
AN GBI EAT, BRAS AN, 1A AR
FREE BT i TR AR, HFR AR T
AT ARAEAAR . RUHIAA TR B SRR T 4
P, AR LE Bl A K (R 3D

R3 2007 FEMRAERPRERR
Table 3  State of family of two types of farmers in different areas in 2007

R eI W
Hh X
FKEENN PEBam® 5k FERATT RIAEY%  FENCD/A P am® sk SERIRATE R /%

PYve E 5.5 0.62 4 20533 54 3.9 0.39 4 11 467 58
JVEE A 4.5 0.38 1 6 467 98 4.6 0.36 0 6 867 100
B 7L 45 B 4.6 0.73 2 19 667 50 47 1.00 1 16 533 47
ok PG 322 BH 47 0.77 0 12 467 49 43 0.72 0 8273 42
HrEE 3.9 2.91 1 29267 87 42 3.43 1 29733 80
HR e 3.6 1.17 0 24 400 76 3.7 0.93 0 26 800 83
e Al 4.9 0.32 6 44000 23 4.4 0.32 3 25000 31
PN 3.7 0.81 3 12733 48 3.5 1.00 5 10 000 65
SOE[Ac S 5.1 1.36 3 21 000 75 44 1.40 0 17 667 76
Sl B T 52 0.72 4 19 000 58 3.6 0.42 11 31429 88
LRI 33 0.61 9 23 940 57 3.1 0.63 1 27 000 62
VLIRS BA 45 1.16 0 31000 43 35 0.92 0 26 600 79
T T 4.5 0.28 25 39 067 22 4.7 0.25 8 36 667 9

T4 45 0.92 5 23 349 48 4.0 0.93 3 21079 59

2.2 MERPEFTLEAX

WAL R L], B4k E 2007 (RS IFSFEA
T LARAME i %, VAR P RS R SE) BRI
T 37%, FLUCRRERT &S R AR TSR A, 43y
WA FERT SR PR 35%A1 11%,  HARR) T 5 5%
WIHRBEREA 8%, HEE TN 7%, FEFAEHR SR
Lt VA 2% 2547, LIKAEFRSFE 0 325 ol SR IS FT
AR CABDR M I L9 i ey o JE VAR RS AR S 9
TR 39%, ORI &R, HRSFE SR 38% A4,
T HE B IR 70 S A ARG BORLLE A 43 0 R 5% A1 13%, FH [A)4%
=T O Zmihl
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ELGAE A T AR RS (BT 62% 103 AR RS AT
A& 8 LU 7 ARV AR ™ o B G o] g IO RG A 2
TREHF I LE BT AR 7%, AR 29%.,

YWV R RS IR RE A AR 2R TE R LE BT W S (g kA
s AHAZH D ORI RS FT TR BEBELE BIIA 21 67%,
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Fig.2 Percent of straws for field-burning and household fuel of two types of farmers in 2007
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2.3 BMERPABHERLEAR

WA A R R W AR X N SR A R T 5%
Wi (34D, 2007 SFAREAR T N B FEIR B HRIE A
BT 96%, MHSARTH 39%. MRS MANEIIR
I 60% TIEH AU sk 72T A LRI R 4
FPRF T, AT BT 80%MFE IR LA 1%
RS, pFemaprds; Hivmtt, JEEARPERT B3k
(R34 FH AR AAICAL, FAb PN & 8 35 PR (134 H AR AR e
PIRAC TR S PR AT DAy HE B R 77 B 7K 3 7 B Ak 2R LE 51 #5
ANHERL 5%, JiE 4 T FEPR B IR SR 1 SR R FAE X
Koo XULHT, FEENE IR I AKRBER G LR
JEIBAT I 5okt AT AT 2, AR TR
JE S PRI 5 FHLAE AR L I LA B A1

R4 2007 FRERPZIERLIE XK LLF
Table 4 Mode and percent of excreta utilizations of two types of

farmers in different areas in 2007

IR WAL BV
PR o semmesr MUKE IURE IR RS ML
W 1 0 1 98 93 7 0
I 80 0 0 20 100 0 0
WA 64 3 0 36 98 2 0
A 35 0 0 65 100 0 0
4 80 0 0 20 78 8 14
¥ 84 11 0 5 100 0 0
18 0 0 82 59 41 0
w82 2 0 16 100 0 0
X 55 7 0 38 94 5 1
o 20 0 0 80 100 0 0
% 100 0 0 0 100 0 0
i) 0 0 100 100 0 0
A 0 0 100 100 0 0
32 20 10 70
) 70 0 0 30 _
SER) 39 0.2 59.8 96 1 3

2.4 WMERPUEZENMAENES

X5 BRI R RIS 2007 E AT AL IR
BN, ER TR A O A M ) AR SRR S
BEZER, WEEHITEDERRNR . SME EES
AR AR RE i S R AR T RERE T, AT
IR AT Bon  — 2= o, A TR
i FH I3 W PR A IR 0 FE &, it FL0 20 X 9 R
PR s TR AR P, KR AR
KEFIRIFAHENE M, AT YR e &, HEEiE
DAL IEBEN o fE—Sif A X, EAR LT &ML T

A, HAO W EEEAG TR AU, ALIEil
SRRy N A AR N A
£S5 2007 FRERPBMEREFLRFIBONE

Table 5 Fertilizer nutrient putting to field in unit area of

two types of farmers in 2007 kg - hm

HAR - AR e
YA Hh X

N P,0s K,0 N P,Os K0
VaE & -88.8 +53.1 257 3387 1488  119.6
JTVEEE +36.5 -14.9 -14.9 4294 1431 1431
BEPG&PT +166.84  +5129  -23.63 24271 14630  71.45
Bedbe bl +132.5 -16.7 +12.8 237.8 1511 7.5
wraEg s +0.3 +20.2 -153 369.8  89.0 40.7

Hifflsse 9341 4675 -13.77 36693 101.80  28.12
skl +1293  +53.8 +28.8 286.5 823 86.6
YLVG %%
WALZEMN  +110.4 -1.4 -1.4 1804 713 51.2
T R TR 35 +6.3 -7 1347 619 65.3
IR &I +48.9 +34.2 +35.8 293.6 1380 1408
VLA -81.01  -40.59 426  329.60 8543 857
WHLig T  +113.1 +46 +4.5 4367 449 1.1

-167.40  +17.72  +17.72 359.15  56.25 56.25

S +23.4 +12.5 -0.5 308.2 101.6 63.1

2.5 BEEFSEANERIEH LG

HENVH AL ) &R B i 220 DR AR R I DA S5 oK
AR IR B AR B R oK, (HIX SR 43 2 75 4 - R
JR B K BE SR A T IR O . 45 il T 7 H R Y
HARREEARITAN, HIER AT XA BN
ZE 5. 2007 SEBRWILHETA, oAt DX R yH <R 4l
A AT GBI B AT A, AT NS B A vH AR
FU R 73%. KRS ESCMEE R, AR 59.8%
[IZE PRI IRIEN T WA, F80 & T 3R IR B =
) 73.73%; FEHAT 2% 240 B SE B dsadi N T A,
TRy R AR IR BRI 1.71%. TS, Ak
Fed B A IR Ik, I B IE At M, #ig b
2007 E AR H N A 250.88 kg/hm?, {HE# i
TR A IR FE 5 S A BT 5, AESE bR oy
BN 68.88 kg/hm?®, UM FARHI AN R 27%, VH IR
HENHA IR« RS A7 20 10 [T OR) H 2 73 o
33%, {CAACF N IEE R L. DY) PG B2 DR X ) 5
R (R 6). YHIREA PR RAT 5 LA %
A%, LRSS &R ZAR T EALE OCHE, Ak
JNG A 4 it A IS (A DG B AR A 2 1 o 44
#.

R 6 R KREEREIS S RIEIKH AR

Table 6 Biogas residue for the nutrient recovery efficiency of raw materials %
A X Puve & JE G | Bk B HoeE WiE el
s 68 0 55 9 20 20 89
- fide:ines AN S L3N TH] Ik AR YT TLIR5 I WHLIG T T4

ClEs 7 93 ’

5 18 0 33
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2.6 MERPREFSRIER

MR 3. & 4 BIRTEE, BHRHEAAR T SR A
KTARMIFD RN EES, S TR BRI SR B
AL FETT S, A SR ISR 2 A T ORI S
SR R ARSI T AR AL S T RER, ik
T REAE AR LIS ORI EE ), AELTR] I O ) A% (R A AT
UEAE (3 Sk, AR RO 7RSI R, R —

AR AR T 50%, 110 VA AEGS & P BR[O R F 2%
A 33%, XA NE BRI LEE R K
hEG . WEE B b, ARTEAUR IR BN R A
THAR, . HAKRPHARAEBFE M ANEN
781.62 kg/hm?, FCAfbAE, FEFT. 28IR . VEAERISAN Ll
WIKHN 65% 15%- 1% 9%; AEVHSR AR 550 5
ANEH 850.82 kg/hm?, AR, AT IR LL

Mo HAEHFE R E N & 2 RAE A LR RAREAT BIKIR K 56%- 14%- 30%. [RIILIHSA T N i K8 AR id
A E R, 8T AR N B SR HEGE H KA H R, 780 RAEZEIR TR T
mEsE
A
wE 3250 A
<== 190.21
B e [ EmER _
R P €T P P —_
1o | ¥ ¥R RIS BN E R/ (kg-hm2)
: . 15.82 HE ﬁﬁ 2.24 = N P,0s K0
] Eg [T BRI -"> ﬁ; fWIE 332 114 63
LI ! N
------- 0.40 LFF 2211 1578 80.80
62.73, 1 | IR 8504 b fg L
* v \ HR 2983 1658 38.63
ol g B, 0| 501 a3 1946.17
“’ ] s ™ : VIIE 2806 2417 16.65
g ! 17.30 -
| € === R EFRA I R (kg-hm2)
siatad (malrivrinias N  POs KO
s 64.44
N BIE FFF 7115 15.95
: S ale #F 100 076 088
1
I
v
=0
=
Ve B A ke/hm?
B3 BARRF RERSAHN
Fig.3 Nutrient flow of farmland of biogas farmers
HRNE
*%«30'91 Tso 7
BE T, i
T _
& : : 1 ¢ ETTT T #Eg & SRS £ (kg-hmr2)
1 1 9.45 HIE ﬁﬂ 12.30 N P05 KO
— BRI JEE -S> %R ug a8 12 63
L ¢ FF 19.86 1575 8259
saaa) | 250.6 i b2 it
v ! 107.10 59.71  92.81
w|| P Rk e
i 1| 26.20 5% FhiE .
—> | ST 7w R HFR4M i B A (kg-hmr2)
ﬁ 070 ! N P0s KO
o FifF 7370 1353  59.90
B 492 291 571
—s g [{------- - 0
an

W BT ECE AL kg/hm?

A4 FEBARRPRE KRG

Fig.4 Nutrient flow of farmland of no-biogas farmers

KA B BRI TE M N B T K5,
F=2.920, J7Z M2 4 0.088>>0.05, [k H 7 246

SEAT NG RREAT 73T o AETT ZEARAE AT, P=0.049,
DALk ) A DA PHZRAR ™ B R Rl TR TR 20 i N AT e v
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FES, MR IR N R B
EWRKETMM, BARPDFESREKEN
154.19 kg/hm?, LA REFFRIZE SRR 151.55 kg/hm?

1 2.64 kg/hm®;s AEH R P IR = 160.67 kg/hm?,
A ARSFFRN 2RI Rl 147.13 kg/hm® T 13.54 kg/hm?,

x71 MUMARTRENEAERITE

Table 7 T-test group statistics for independent samples

(IRE T FEAHE Rl brufE 2z bR 2
BRAS 176 781.62 443.05 48.47
BT IIBIR S N
RLTHRATR M N Tk 174 85082 594.94 45.10
RS JMAMATHRETELER
Table 8 Results of t-test for independent samples
T3 ZEAIZE Levene Ko YIEAH SR B0
‘ 95% HA X 11l
F U5 FEMS R t EEE]E UK Mg Wi 7 e bR
TR kR
JT— J7 2 AR 2.920 0.088 -1.820 348 0.049 -120.6 66.24 -250.85 9.71
e i BEAE -1.821 346 0.049 -120.7 66.21 -250.80 9.65

e 1E 5% BE KPR

2.7 BWERPHESERFAER

W0 B FEMFE MBI R R 152 X, 2007 4E7S
AR AR SR RS BBk 609 kg/hm?, bR FH AR &
K 272.62 kghm?, FEMEHRFIT N 45%; A&
BIPEFEMFE o il 539 kg/hm?, HorhAk H Ay
377.82 kg/hm?, FRAMEIAFIHIZEN 70%. X2 i T e
7 R 3R U HE A RSy (SR FIRSFT R0
(1 33%Z 47, BRIR T ARHIRSMANR, BIESR T
PR FEM AR F I A T AR AR o AR BN 57
S R G FR I P A 8 A R A

3 W’

D FEFFRS

PR PR AOIE R M N B B KK = 5, T
AR BN T REAT BB LR, D T RS AR R
BER L], (Al TR RS R R A &k, il
[ BE R85 100% I RERBRTF LA, A iSRRI RS AT rh
H90% M AR VB Ay IRl L DRI RV PR 2R A T A
FEAF H R B8 e AN AL S BRRHI AL E LU 9] b AT 2 57, (HLRA
FREMFEFLLE R, RS 7 55 % A\ 08 5%
HEEER.

2) MRS IR S A

(1) A& 5. De Bode M (1991) F1 J. Webb (2004)
IIRFIC R, 83 IRAE DR R e R, 40 pH(E A
Y, NH; K& 2B 50 5K E] 5%~ 15%F1 2.7%, X IEH
EYNCW A SUR L NSRS 7 Y Al 3 ST E (N
AL 5 & 45 & T8 RO A SO R LR SR
BT R ARSIV D, R R AR B A P
YRS A R A

(2) WS . TEBSMABIRIEIELE —BRA
KT 3%P%, WG AR G, B g A R e i
HMHER B EN, FHZSZRIR, EbRAZ#L
IRV Re RIS . AAL, KEWRM R I 3500

RRBREMY, X0 IR o AMEAGERIH, i HE
K AR A T REE— 20 51 R R K IR A AN B
o H AW I ARE B i 40 K 1 R 20 RIE AR H D, il
BB TR A LT

(3) A& S HVREAIIIR . AR HARRREBOR BE
HUBHE R DR BN, NTDHVRME . 573l ek, RAE
BUEVFZ AR R T HUBGROIE S B okt EE s Y
[ AR FR R L v, B PRI R A TR ARAE IS, AN RESE
AR ARV S AL R SR 2 AR AR 23 B SO0 A i
b5 2K AL TR AR Bt AT TS, RBER BRK3X
R B TR AR ) BOAAT BEAGAE A, DAL HE R
N BEEIR.

4 Hit5EW

ASCNFRII T L, X EC B T AR T AR
RS 2007 FEAEAR IR B B It B2 A4S
&R, PIZRA ST 2007 SEEALRR BRI TR K TR 70 F A\ AT
BFEZESR, HAEFRMASE LAY EAR, #HA
A A AR N LI s ARV AR, KR AR
JHIETPRGUILTARR RS i R AT it
TR BN AN AT, IF B R H LIRS
A, HEEBIE LT S ORI R e, Wi 20 T it
HERE B s R T SO L DR AT A K B A3
BARHLBIRRAR,  FAE R LU B8 I, 3K T RS 41
FIRENE, SAIREAT IR I R PR T ZEA K. P
R INFEIRAL BT AFAE RN I ZE 5%, AR AR 3
PRAERERHA L] 53k 96%, i AR N 39%, Kid
FERIF DTN, G T IEIRIRI IR, PG
TR IR R B o (HAR 22 1 DX 7 AL BB R K ST
TR, JHALA R PISOM T A4 33%, PRI S 30 IR
FIFRGAEARI AN 45%, ARTARESR S 70%[K7K
Fo

25 b PTIR T LA H UK e I B AT R AR N AT A
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AT e IR S SR A A I 0%, Js AL IR 7
PNTE . BRI DT IR, 5 2 AT L BB FE
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Effect of household biogas project development on farmland nutrient flow

Tang Yunchuan®, Zhang Weifeng'*, Zhang Fusuo®, Ma Wengqji
(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China,
2. College of Resources and Environmental Sciences, Agricultural University of Hebei, Baoding 071001, China )

Abstract: The method of nutrient flow was adopted to compare farmers’ nutrient management behaviors in 2007 between
biogas and non-biogas farmer’s household in 13 investigated sites which included Sichuan, Guangxi, Heibei, et al. provinces.
The results showed the total amount of nutrient for putting was only 781.62 kg/hm’® in biogas household, which was
significantly lower than 850.82 kg/hm? that put into no-biogas farmers' household. The two groups’ farmers had no significant
difference in fertilizer and straw nutrient for putting to field per hectare; the amount of straws used as fuel for household was
significantly decreasing, while the percentage which was burned in field was increasing in some investigated regions. But the
percentage of manure putting into field in no-biogas farmers’ household was 96%, and that was only 39% in biogas farmers’
household. A great deal of manures put into biogas plants was not recycled into crop field. The percent of nutrient in biogas
residue was only 9% of the total amount of nutrient returning to field. From a nutrient recycling view, the nutrient cycling
efficiency of biogas farmers was 45%, which was only 64% of that in no-biogas farmers. Therefore, the booming development
of biogas system in farmers household did not reduce the consumption of chemical fertilizer, and did not improve the recycling
of organic nutrient. Although biogas system in farmers household eliminate nutrient loss from manure in somewhere, the
farmers should be trained to use their crop residue properly, to understand the function of biogas residue as fertilizer and to use
it reasonably. By this way, biogas system can be really used to improve nutrient problem in China.

Key words: nutrients, biogas, crops, farmers’ behavior, recycle use



