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Abstract; This paper comprehensively summarized the research results from domestic and foreign studies
of the effect of biogas slurry farmland application on plants yield and quality, and the effect on water and
soil environment. It showed that biogas slurry played a positive role in improving the quality and yield of
crops, improving plant seed germination, prevention and treatment of plant diseases and insect pests, and
improving soil quality. However, an excess amount of biogas slurry application could lead to the pollution
risks of water and soil environment. It should fully consider the land carrying capacity for biogas slurry
and choose appropriate dosage which had no pollution on soil and groundwater, so that the demand of
fertilizer could be saved and the production cost of farmers could be reduced. It could provide scientific
guidance for biogas project handling biogas slurry.
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Tab.1 Characteristics of biogas slurry

S WE SR pH (& MR e L' AARERE /¢ L' BB g LY B RR /g L SCHk
w3 7.0~7.6 0.55~1.13 0.3 ~0.65 0.05 ~0.26 0.1~0.64 [5~13]
A3 7.33 ~8.47 1.73 ~3.45 1.2~2.9 0.51 ~0.21 [14 ~16]
B3 + FEAT 8.26 1.04 0.26 1.45 [17]

AN MR E TR IR Tk & — e B A
Yrid P T, H R A A BRI R EAR A
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Tab.2 Effect of biogas slurry on crop yields

Al 27 S Hi s IR 4k Sk
mey Bk Pu 148 % B T W ABIBWAIRETE 75 000 ~ 105 000 kg B, 74 T 4R 45 5 100 A FTAH T Y 7 & (7]
N HrE R AR AR T AR ik 25 5 RN 40% [25]

[ E T ARSI R R R TR R A T O BRAE R 72 em 27 g 65 [26]

UNEES T WA BALIRE IRAVERAT B Bk 98 % [27]

HHHR Wi w24 it AR T 2 ~ 3 AR5 ALIE U A VA T i AT 3RAS 5 5 ML A A BRI A AR & [28]

[ KA Mg T T RV R A A L PR 3K 46 725 kg/hm? | FEX IR R 15% [29]
UNEES g WA ARTATRH R A R B B R P i, 7R R 20 460 kg/hm? [30]

H i WA WA WS IR R G X B R AT 16% [5]
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FHTRRHERE 2 4F )5 B0 W LX) RESS 7 113 +, 4205 1 59% (A 4k et , 3%

TH AL B 7 B 457 18 T o B B w38 163 kg, B 128% , {H Bl 25 VA 0Pk ) 186
n, ke T

[33]
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Yrr= i bz — B g 2 rh DL B A
Y R SR R B, SR it VA S 45 4
P 0 B R /N DXt VA W 400 L A A B i
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Tab.3 Effect of biogas slurry on crop qualities

1EY) #eA% C

[GlzEN Fipl SCHK

B AN BE B TR O D AR e A TR A/ SRS S A W Rk PR A BB T P R A L X

ANZE F A, ELR R A A BEXE AW AR L, A b B R X R AR RIRRS 66% IS RIEARIR L [27]
TR 30% 7.5% VI I B LY X B
YL YRS Sty Tt . PR MRARG T 1 5 o S
L 5B 5 2t L P T A
ik 5 BREE 20% M PR K E] ]“3/ TRIERI P RAIERNAIR o e B A ie (5]
FRRERE, EAE 3 C A BRI ’ s
— YRt FH 900 mL I8 W% fHGE AR 1
1 900 mL ¥ 8¢ FHCE A F 46
FES TR B R AR B C Sl EEOME AR AR A TR [36
= W B R C i o ;:ﬂﬁ BGAL IR AL SR AR 5 [36)
L R Y N
i VE R 500 mL, Al iR £h & e s ) B
B BB T 3% ~23% 7% ~ 30% , ;iz{;(& WL & R BT W JFHEREAR 8% ~40% [35]
P TR
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o I RN K HEA N
(AN
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7T VRS IR RO B T TTES 170 200 AR50 M R AL B AT 5 2 4 [32]
B, ik 35%
g T RS EE LT
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WO E 5 3 A0 B Y I, X e VR B3 s B
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i SRR, S %5 B Tt 7K SR A REAE AR 2]
SFCH R, PRIE 7 dh A9 i, R AR A 7 A, B e
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BEH T AL AN BT & R TR IR T A< TR B
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Tab.4 Content of chill resistance agents in biogas slurry

TR Iiiﬁii?ri AT LI figgffi
N % BB %
/mgemL " /pgeml !
FFERBER 6.99 x 1072 2.62 6.26 <0.1
X2 R W 2.38 10.17 <0.1
NEEBEW  5.35%x1072 1.52 11. 69 <0.1
RA LB 2.047 x10 ! 1.09 7.08 <0.1




122 P

b BB R

20134

AT 254 A TR) e B2 14 T3 S0 0T 38 o 7K e o
TFHEATIRFISLS | 2 BH TR W5 1 5 16 i
BT R ZER I E KRS T 4% , BUREE &
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25% 50% \75% [/ {H IR B e R 53501 9 5.4 .3 h
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VR P VR OIR T ] () 305 22 B K T 4 1 R 2R T B
B R OR PN T 77 45 Fh T R 28 R AL, X T e & R
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R EVER, s fp 7 & 25 %
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B T VR VRN R RVE ROIR A VEBGE I i
YERT B A B IR R A © 9k K 1 9 52 B8R T E
B, TBWAE N DA K T 5 5k B8 4, Herp i s B 5
W RIS A W R PR RN GE A R AR AT
A A0 Hb A ) R AR 0 I A R B R T T YR
Biii6 22 P AV ED s B3 s/ U 9 A DT AT
At 25

TBMWEHE/NE | /N A il AR B R A ik
ORI C T E N L P i D
F, BAHURTCABIBTIRINE  (HBEE R , %/
22 4l ) BT IR AR A 2 B 3, H A R AR
6. 0% , 111 % BE DU 253K 40 % 5 W% it 73 Y %oF /N 42 AR B
Al 22 TR R AR 2, 00 38 LU BN B 20. 7% , A4
SFBIFIARCR AT 44. 8% | Wb /N AR A S AT

SERAIERIVE A FTB IO K 2 MR O bR R AT
VR R , 99 35 /N T 0 5 Y VROV AT A6 1 095 A A i
(R R L BVt J5 434 109% 19 VA % S0 T e
A PHIVE R ; TEIBO F K /INBEAZ S5 B AN K BREAZ 0 B
AIANEIVE 55 30 IR A6 5B TR RO 2 — 300
) H 2 WO TR RS , H SRR I R0 R X
HR A 54. 5% 47,

TG By SR B 2T Wk | R LS 20 A
A W AR R L, % 2 R A A A TR
OISR T H R TR RN — 2 5 A R IR
REVFZ AT AR 25 2 el i L 2 Hopoxr |
IR A K F N 95% LI b, KA Ky 92% |, WiF it
N 93% ,TEHN99. 4%

AR AT 2F TR S AR 25 6 T TIF5E,
L AnVE S A AR SRR A Wit 22 L, P2 0% R Gk
99.25% , b AR AL AR AL S AR 2 B IR T 2R W R B
5% ;5 iR ARG A Wit 22 1 V-2 % R IR 98.3% , 1]
PE R 28 HUR 159 ; N VR W 7 76 F H, ] 2 A 245
i 60% LI |17

3 KHEEREBRXKTIMENFIN

3.1 IR

A VARG 6 - S BEAR PR SR R S, dn gk 5
JI7R o BN [ b, AN [F) - SRS BiF 9 3R I, TR
WO T8 5 I rh A ML i A — s R R
A LT e A 2 1 PH B -, fiff R I B DR AE )
Gz op | B I B - SN FUE BUSEHE) , DA T i
TR, AR A SR W S AT D ) ik
TEFNRETR , th e R, Kt TR WO 5 NS Hb ) A 2
R, TR 3R a2 2 20N g it FH R TR
7] BB 148 pH ERFAR, s R T, K it
e A TR AR BRI X , b 3 - St A

3 —J7 I, B TR R B AN R S A
MEESEFRETEPRE BT IE- Y RS
XTVR VR Y 4 B R R I 7R — 2
TV B P AN 2 X6 A S T e, (RS Y TR R B
T = AH N B TR RGA FBRAE 1 B R 2 T TR R
15 L i E &R FUR A 1 s G AR, B
SRAED X St FH T VR 6 AT A e AT BURE U
72 9T R Bt TR A L3 Cu ., Zn it B
i, SO 4 S A v T R g
3.2 JKIREE

H TVH & A K ETEIR AR W R A 2 A
R PR AR, AR B i 0T K A4 G 1) B, TR Wit
A 3838 kA H K 53 932 75, % ] 320 b 3% 7K T i
TAKERA VAR TS YRS OB B, Yt B VR R
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Tab.5 Effect of biogas slurry on soil qualities

atz B | S A 4 SCik
dbntii R4 E RE SRS IR 65% , 11 pH H F P 0.4 [11]

it WA T it pH B FHROR A S AR, A HLUBRLE N S o B2 B AT 38 hn 23% 32% [10]
WA % 4 N RS0 AL P UK BT A AR B4 T34 10% \16% \28% {13 EC A LT+ dh [28]

I WTLAs & T AR T A4 pH (E, miik 0. 5, pH EHRE P XL N P K R IR RCRAS anfb e [49]
F A HaE T 0 ~30 cm 34 N I BUEUR X% N4 P FIEEL P 3A R [50]

Wt PR XE T RS IR B AE A BT i 445 R IR T 50% , AL N P K B E U (H pH (HA FRkass  [51]
RESHEL PR AR XA B2 3 pH EWL 3% ,EC 340 4% A5 & A R A R AL I XU [13]

F S WP R R E A AR AR T S8 A
MHAS, BT RSSOk 471 G far , Ir LARY
TR GBI X, 112 il 3 b 1938 B8
TA FHA)ZE, XF LA Rk 5 e, kIR E
BRI,

TR RAET R I e BB NO, -N 7R [
IKEFEMAER T, S AW Tk vk, EE 5 Y~
7K ; Matsunaka %54 5% FH43 245 37 V8 W 2 SLE 1% 3 4F
BRI, & RS RS S VR A 6% ~12% 4
Yadav > 8 i TS BHAERAH 15% 145 A
JIE,20% B2 5% B i A AL, 68 % HYAR MR JZ 5% B A
BRIEAHT K,

R, A 25 B 6 T AN ] b XA A R R
2, AR = KT AR 110 W R A AT HE A it
JIE, 3 #F Bk AT U8 R NOS SN B B R R it
RO DY R AR R R A AR
2 T 2 AR T TR A P ) B v, VB R VRORD - R
A AR HSAST RIS, Ak mE IR T, vl fg
SR B, H A VA VRO IR A T R
P T BN L d 50% B IERUR A VB A
Bl 25 US4 RS E AE 53 ~ 58 mg/L.53 mg/L
F13 mg/L LA, 334~ 58 FE 55— B[] P 19 V8 W 8R
i R A O IR R A AR
FERN S A1) S R £ 3 AR KRS AR K 2T R TR
135 ~540 kg/hm® S Bl P4, FH AT K b 22010 & 4R

Ny

(EX EHEB e WA & RN, R RN
540 kg/hm2O

4 HRIE

A A A FH TR B0 P 35 Fof B it o A 07
AR R FREE R R ) 25 Y TR TR R AR
PR AL ST AL Ty AR A B K By
T BUE SR D7 THLHA AR AT A (R ) R
X TR B e R R ARG G MBS, AR P
AT A B R R, 7RI Pr A AR AR LS TR
Ve = at , —BRAY IR BT & M 200 1 2 457K
IR R BN TG G X R R B AR
BRHARAEAO A7 A AT R GE R E B
S A2 SRR, 803 25 AR X T T R R R e
T3 AN 5 Rt R K AT TS QY RTER B A iR
A F A PV L 3 T LUK SRR AL B VIR
P R E R IR IR PR s o N X S Sl W € Z e A )
AbSRE T XA R RE T A RALIE AR SR I AR R Y
AP A SO AR T AR PR AR TR 468,
AT T A T T 94 9 IS VT B P XU K A
I, 3 R JRE A GE A T W A 3R 5 X, AT TR S
FEW AN T RR A5 A 25 T Be b BVR T, LA 52 B
X G e (M) -5 T8 3 A HR I, T 9 908 9 T 4
AR R B X AR Y3 74 R B LB 5 T TR A
e

2 % x #t

1 ik, s, ML0dr, 55 2002—2009 4FH E AL T B X2 H R ER &[], Rl TR, 2012,

28(18) . 185 ~191.

Fu Qiang, Zhu Yunqiang, Yang Hongxin, et al. Regional differences of livestock and poultry breeding output in scale and policy
suggestions during 2002—2009 in China[ J]. Transactions of the CSAE, 2012, 28(18) : 185 ~191. (in Chinese)

2 RRSESR. PENE R TR A REBUR S RELY]. T EBOPEIR, 2011(12) ; 28 ~31.
Hao Xianrong. Present situation and prospect of biogas projects in China[ J]. China Animal Husbandry Bulletin, 2011(12) ; 28 ~

31. (in Chinese)

30 WkmE, ek, BT FE IR AR TR R R SR AL R AR [T ], Rl TR A4, 2002,

18(1): 181 ~ 184.

Yao Xiangjun, Hao Xianrong, Guo Xianzhang. Commercialized operation model and development of integrated energy-environment
engineering on scaled livestock farms[ J]. Transactions of the CSAE, 2002, 18(1); 181 ~184. (in Chinese)



124 P 1 R A= 4 20134

10

11

12

13

14

15

16

17

18

19
20

21
22
23

g e, XV, XU, ERE RO IR R T]. ZRUEREARY:, 2012, 40(2) : 968 ~971.
Liu Xilong, Liu Jianwei, Liu Bin. Research status and progress on safe use of biogas slurry[ J]. Journal of Anhui Agricultural
Sciences, 2012, 40(2) : 968 ~971. (in Chinese)
B HIVE O S i B R B BRI [ ] VIR AR AR, 2009, 21(7) : 83 ~86.
Qin Zhou. Effect of biogas slurry application on yield, nutrition quality of purple cabbage and soil quality[ J]. Acta Agriculturae
Jiangxi, 2009, 21(7) : 83 ~86. (in Chinese)
FEL, KRR, PRk, 55 ERGEHEXT LI BT AIE b i SBR[ ], b E AR, 2009, 25(24) ; 484 ~
487.
Wang Weiping, Zhu Fengxiang, Chen Xiaoyang, et al. Influence of biogas slurry irrigating on the soil environment and radish
quality[ J]. Chinese Agricultural Science Bulletin, 2009, 25(24) : 484 ~487. (in Chinese)
WREERR. TH AT F K™ il B SRR B Tt B2 W SE [ D] 2 . )1, 2010.
Chen Bixia. Effect of the agricultural usage of biogas slurry on maize yield, quality and environmental quality of soil[ D]. Yaan:
Sichuan Agricultural University, 2010. (in Chinese)
FEL, RRF, BRI, 5. T BCARE XS T 3BT AT 3™ 4 i B [ D] W24z, 2010, 22(1) : 73 ~76.
Wang Weiping, Zhu Fengxiang, Chen Xiaoyang, et al. Effect of biogas slurry irrigation on soil quality and yield quality in Brassica
chinensis[ J]. Acta Agriculturae Zhejiangensis, 2010, 22(1); 73 ~76. (in Chinese)
FERAF. TR R SO0 T SR B O AR ma [ T ] A FRER A2, 2007, 26(2) : 172 ~175.
Wang Zongshou. Effects of fertilization with hiogas slurry on soil planting tetragold-ryegrass [ J]. Journal of Agro-environment
Science, 2007, 26(2): 172 ~175. (in Chinese)
ETN, R, SRR, S b T RO AT R R AT B DL R IR R R [T ], Lol R R A4, 2011,
30(11): 2300 ~2 305.
Wang Weiping, Lu Xinmiao, Wei Zhanghuan, et al. Influence of applying biogas slurry on yield and quality of cirrus and soil
environment|[ J . Journal of Agro environment Science, 2011, 30(11); 2300 ~2305. (in Chinese)
WRokAy, HLLE, FIT5 8, 5. ST R4 /) \iﬁiﬁéﬁq‘gﬂ’]ﬂ’”ﬂ[ﬂ A E i, 2011, 27(3) ;154 ~ 158.
Chen Yongxing, Dong Hongmln, Tao Xiuping, et al. Effect of irrigating winter wheat with anaerobic digested swine farm
wastewater on soil quality[ J]. Chinese Agricultural Science Bulletin, 2011, 27(3) ; 154 ~158. (in Chinese)
ZEEH, BB, MARH, 45 KIﬁJ‘iﬁ?&z%i%%ﬁlﬁxﬁil%n@mﬁ%&Eﬁ?ﬁﬂﬂ[J]. KEAELFM, 2009, 30(4) : 52 ~56.
Li Yanchao, Liao Xindi, Lin Dongjiao, et al. Effects of irrigation intensity of fermented slurry on soil and leaching liquid[ J].
Acta Ecologiae Animalis Domastici, 2009, 30(4): 52 ~56. (in Chinese)
Bk, RRAE ) JEXR, 45 VHHERERT SN AR H 3SR B2 ()], A RAE AR, 2011, 29(5) ;542 ~545.
Yang Le, Zhang Fenghua, Pang Wei, et al. Effect of biogas fluid irrigation on soil nutrient in oasis farmland[ J]. Journal of
Shihezi University, 2011, 29(5) ; 542 ~545. (in Chinese)
il B, Eok, RO EROR R X £ R L I m )], Rl S E %, 2012(2): 5 ~7, 15.
He Wei, Wang Lin, Zhang Jian. Effects of application amounts of biogas slurry on yield of Pennisetum sinese and soil fertility[ J].
Prataculture and Animal Husbandry, 2012(2): 5 ~7, 15. (in Chinese)
KRR, WA, B, B B TERGIH AR IR RIS ], Rl TR, 2011, 27(11) : 294 ~299.
Zheng Miaozhuang, Hu Lin, Dong Renjie, et al. Environmental effect of turf-soil system disposing nitrogen in biogas fertilizers
[J]. Transactions of the CSAE, 2011, 27(11): 294 ~299. (in Chinese)
BRGE, IV, i, 4. NEHE{)?(BEBXT{HH% PUFF PR R FR AR (). EAR SR, 2011, 27(8)
156 ~ 161.
Zhao Fenglian, Sun Qinping, Li Jijin, et al. Effects of different biogas fertilizers on the yield and nitrogen use efficiency of the
rape and western celery[ J]. Chinese Agricultyral Science Bulletin, 2011, 27(8); 156 ~161. (in Chinese)
BB, YL FRab . TN R LA SR )] B SRR AE 2R, 2011, 17(3) ; 384 ~387.
Hao Xianjun, Hong Jianping, Qiao Zhiwei. Effect of biogas slurry on biological properties of cabbage continuous cropping soil
[J]. Chinese Journal of Applied and Environmental Biology, 2011, 17(3) : 384 ~387. (in Chinese)
BRI, RWIE, SR, 55 IR WP AR SRR e [T] . P IERR A, 2011, 29(5) ¢ 7 ~ 10.
Huo Cuiying, Wu Shubiao, Guo Jianbin, et al. Analysis of phytohormone and qunolin-ketone components in anaerobic digestion
effluent[ J]. China Biogas 2011, 29(5): 7 ~10. (in Chinese)
Rz, b E AR A IR LR n@m}fﬂ M. dbnt: P EBFRERA AR, 2001.
FRAE. HAKBES ARG SREYZES A HEARNIZELD]. dtat: hREAKRY:, 2005.
Wang Jinhua. Research on the biogas fermentation ecosytem and the comprehensive utilization of biogas residues[ D ]. Beijing:
China Agricultural University, 2005. (in Chinese)
s, ARSI M. s Ak Tl it 2005.
Pal M. Agriculture in Gloria land[ J]. CIBA Foundation Symposium, 1993,177. 158 ~ 160.
Bk, EHAE. BB A IR S TRIHES S LA R AL (CDM) RS2 23 #r ()], REHAE =4,
2003, 24(3) . 386 ~389.



8 R IG A A T T I 7 P S KoK - 3RS 5 125

24

25

26

27
28
29
30

31

32

33
34

35

36

37

38

39

40

41
42

43
44
45

46

47

48

Duan Maosheng, Wang Gehua. Greenhouse gas mitigation benefits of biogas projectin livestock farms[ J]. Acta Energiae Solaris
Sinica, 2003, 24(3) : 386 ~389. (in Chinese)
Li Aifen, Li Jin, Zhang Xiaowei. Application techniques of biogas slurry in production of machine-transplanted single cropping
late rice[ J]. Acta Agriculturae Zhejiangensis, 2011, 23(2) ; 382 ~387.
Garg R, Pathak H, Das D, et al. Use of flyash and hiogas slurry for improving wheat yield and physical properties of soil[ J].
Environmental Monitoring and Assessment, 2005, 107(1): 1 ~9.
Parvathy S, Vaishnavy S. Effect of biogas slurry on growth and biomass production of sorghum vulgare and oryza satival[J].
Journal of Ecotoxicology and Environment Monitoring, 2009, 19(4) ; 339 ~342.
FERggt, X, Wk, & BRAERIEXN /N ES RGBT )], Lol R, 2008(1) ; 220 ~224.
S, XU, XI5, TR P AGE XA B [ ], SRS, 2008(3) : 44 ~45.
KB, TR R A LR HRCR AT [T]. B SH5:, 2008(3) ; 46.
Wang Yuanyuan, Shen Fei, Liu Ronghou. Effects of anaerobic fermentation residue of biogas production on the yield and quality
of Chinese cabbage and nutrient accumulations in soil[ J]. International Journal of Global Energy Issues, 2008, 29(3) : 284 ~
293.
BRIGHE, MR, EBAE, . RO AL B AR )], TR RRIR, 2005(4) : 34 ~36.
Qian Jinghua, Lin Cong, Wang Jinhua, et al. Effect of biogas residues on apple quality and soil fertility[ J]. Renewable Energy,
2005(4) : 34 ~36. (in Chinese)
B, I, RRE. W ACNEE X PE I A B s (], i RS AR, 2010(5) : 53 ~56.
Zhao Jinhua, Jiang Weijie, Yu Hongjun. Effects of biogas slurry and chemical fertilizer on yield and quality of watermelon grown
in substrates[ J]. Soil and Fertilizer Sciences in China, 2010(5) : 53 ~56. (in Chinese)
BRSNS, BUKE, TR A8, AR PRI BN B AT AR AR R K s [ )], MACF 4, 2010(10) : 39 ~41.
A, YA HUIE A $R i S B SR FIPLERAT S [ D], BT )P R, 2005.
Li Mengmei. Studies on the mechanism of bio-organic manure on improving yield and quality of vegetable[ D]. Nanning; Guangxi
University, 2005. (in Chinese)
TRILL, IR, BOAME, 5. TR0 S5 TR S iath & it B SR T sema [ ], AR AEASIRE, 2003, 19(2) : 34 ~37.
Xu Weihong, Wang Zhengyin, Quan Yuemei, et al. Effect of application of biogas slurry on nitrate content and nutrition quanlity
of lettuce and romaine lettuce[ J]. Rural Eco-environment, 2003, 19(2) : 34 ~37. (in Chinese)
TREERR , PEIRP- SR, AF. M HIVE IO TS SR i s [ )] P AR AE i, 2008, 24(7) ;408 ~412.
Hao Xianjun, Hong Jianping, Xie Yinghe, et al. Effect of biogas slurry on quality and yield of celery[ J]. Chinese Agricultyral
Science Bulletin, 2008, 24(7) ; 408 ~412. (in Chinese)
WRANGE, MR . IS H e AR TR AR A e[ ], P EVAR, 2004, 22(2) : 34 ~36.
Pan Li'na, Chen Jili. Effects of biogas residue and other fertilizers on the planting of strawberry[ J]. China Biogas, 2004,
22(2): 34 ~36. (in Chinese)
Abd El Baki GK, Siefritz F, Man H M, et al. Nitrate reductase in Zea mays L. under salinity[ J]. Plant Cell and Environment,
2000, 23(5) : 512 ~513.
SR e, KA SRR B IR SR RO [T ], ARATRETR, 1999, 83(1): 20 ~21.
Ry, IR, SRIER, 5. WIREFXT RN EN AT W T]. PEEA, 1999, 17(1) ; 42 ~44.
Qiu Ling, Yang Baoping, Zhang Zhengmao, et al. Effect of seed soaking with biogas slurry on seedling growth of dry-land wheat
[J]. China Biogas, 1999, 17(1): 42 ~44. (in Chinese)
SRATIR. AEYIPLIE AR M. dbat. Lol iREE, 1990.
SR, WEEG. ABA XKFEA TR TR [ )], R B, 1984, 10(4) : 26 ~33.
Guo Que, Pan Ruichi. Effect of ABA on the resistance of rice seedlings to chilling injury[ J]. Acta Phytophysiologica Sinica,
1984, 10(4) : 26 ~33. (in Chinese)
BRANE, EREDS. N [RIR BE TE RO Bl o6t e SR Rl 7 2503 B i sma [ )], AR 2R, 2008, 26(3): 10 ~11.
TH 2. IR RO K RSB A ORISR [ ], R EREK, 2007(5) ;39 ~40.
FRW, XU, 2, 55 THIRIRF T 350 K 28 R A K isgma [ ]. P2y, 2011, 36(7) : 817 ~822.
Yuan Dagang, Liu Cheng, Pu Guanglan, et al. Effects of seed soaking with biogas slurry on seed germination and seeding growth
of tagetes erecta[ J|. China Journal of Chinese Materia Medica, 2011, 36(7) : 817 ~822. (in Chinese)
TURE, B HBOREGRIESAERILT ], AR FREEAR A, 1998, 17(4) : 190 ~191.
Wang Jijun, Huang Shizhong. Liquid of anaerobic fermentation as pesticidal enhancer[ J]. Agroenvironmental Protection, 1998,
17(4): 190 ~191. (in Chinese)
SRICHEL, AU, TBE, 45 SRR PIBNAAR R I E AR T ] A BEESE, 2001, 22(3) : 167 ~170.
Zhang Wudi, Song Hongchuan, Ding Qi, et al. Application of methane fermenative residues in control of crop diseases and insect
pests[ J]. Research of Agricultural Modernization, 2001, 22(3): 167 ~170. (in Chinese)
sRIGEHE. YR ALTERIA R AR R AR [T]. RATREIR, 1994, 58(6) : 23 ~25.

(T#E 179 7T)



%8 WO 45 BRI MRS KR AT WU DA A I 179

25

26

27

28

29

Gao Rongqiang,Fan Shifu, Yan Yanlu, et al. Preprocessing of near infrared spectroscopic data[ J|. Spectroscopy and Spectral
Analysis,2004,24(12) ;1 563 ~ 1 565. (iin Chinese)

T B UK, A R U RO R K 3 IR I LL AN IE E R A BT R B B B[], iR 5O RE o, 2012,
32(7):1762 ~1765.

Xu Ning,Wei Xuan, Ren Bing, et al. Near-infrared spectroscopy analysis of adenosine and water in fermentation cordyceps powder
and wavelength assignment[ J]. Spectroscopy and Spectral Analysis,2012,32(7) ;1762 ~1 765. (in Chinese)
FRAE, R T, Xtk LA Rk AT RE (] Al T A% ,2011,1(1) :56 ~61.

Wang Fenghua, Zhu Hailong, Ge Zhenyang. Progress of near-infrared spectral data modeling method [ J ]. Agricultural
Engineering,2011,1(1) ;56 ~61. (in Chinese)

TR, EAG I, 45, L0 e B B AL 5 ) Ik Wroe [J]. e BrBkes=#4i,2011,27 (1) 1128 ~ 130.

Xing Zhina, Wang Juxiang, Shen Gang, et al. A simpie and practical model transfer method for the homotype near infrared
spectrometers[ J . Journal of Analytical Science,2011,27(1) :128 ~130. (in Chinese)

XUHE S, HIE R 2 48, I 20 NS RSSO ik P e TS IS Z B b r Koy [T E ST R A,
2012, 18(4) :91 ~94.

Liu Jundong, Ye Zhengliang,Li Dekun,et al. Rapid determination of moisture content in danshen polyphenols acid injection with
near-infrared diffused reflection spectroscopy[J]. Chinese Journal of Experimental Traditional Medical Formulae,2012,18(4) .
91 ~94. (in Chinese)

WK, R TR AR A5 SET KA iE B AR b E B IR (1], HRERLA TR 741, 2013 ,31(3) :270 ~276.
Hu Yongxiang, Li Yuannong, Zhang Ying, et al. Estimation of soil moisture content of jujube orchard in loess plateau based on
water stress coefficient from FAO-56[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2013 ,31(3) ;270 ~276. (in
Chinese )

(k#EF 125 W)
49 RS, BNHRE, BOBRL, A IREEX SR R[], 14, 2008, 40(4) ; 608 ~611.

50

51

52

53

54

55

56

57

58

59

Ni Liang, Sun Guanghui, Luo Guang’en, et al. Effect of marsh gas sewage irrigation on soil quality[ J]. Soils, 2008, 40(4) .
608 ~611. (in Chinese)

Sk, MR, MRS, A BT X RE N P ORI RCE A R N P FR S s ()], ROl AR,
2011, 26(1): 103 ~107.

Wu Feilong, Ye Meifeng, Lin Daiyan, et al. Effects of biogas sludge on N/P utilization of pennisetum purpureum and soil N/P
content[ J]. Fujian Journal of Agricultural Sciences, 2011, 26(1); 103 ~107. (in Chinese)

AT, SR, BOChe, S5 IR WON £ S8 B SRR )], TR EVEA, 2011, 29(1) : 59 ~60.

Gan Fuding, Wei Shiqing, Qin Wenneng, et al. Effect of hiogas slurry on tabe bean quality and soil fertility[ J]. China Biogas,
2011, 29(1): 59 ~60. (in Chinese)

Bk, ER, wihsr, & EIEXS AR H RIS Qo i [ ] Al R 2E 4, 2008, 30(3) ¢ 310 ~315.

Duan Ran, Wang Gang, Yang Shiqi, et al. Reliminary research of potential pollution on farmland soil after using biogas[ J].
Journal of Jilin Agricultural University, 2008, 30(3) : 310 ~315. (in Chinese)

BEAR, FIEE, HEs, & AL 15 NO,-N 2R [ T]. 155 2000, 9(3) : 197 ~200.

Yuan Xinmin, Tong Yanan, Yang Xueyun, et al. Effect of organic manure on soil nitrate nitrogen accumulation[ J]. Soil and
Environmental Sciences, 2000, 9(3): 197 ~200. (in Chinese)

Matsunaka T, Sawamoto T, Ishimura H, et al. Efficient use of digested cattle slurry from biogas plant with respect to nitrogen
recycling in grassland[ J]. International Congress Series, 2006, 1293.242 ~252.

Yadav S N. Formulation and estimation of nitrate nitrogen leaching from corn cultivation[ J]. Journal of Environmental Quality,
1997,26(3) . 808 ~814.

Chang C, Entz T. Nitrate leaching losses under repeated cattle feedlot manure applications in southern[ J]. Alberta. Journal of
Environmental Quality, 1996, 25(1) . 145 ~ 153.

Kandeler E, Eder G, Sobotik M. Microbial biomass, Nimineralition, and the activities of various enzymes in relation to nitrate
leaching and root distribution in a slurry-amended grassland[ J]. Biology and Fertility of Soil, 1994, 18(1) . 7 ~12.

BFEM, B, RS IR AR R R R ISR S R [ )], A IR RF R, 2007, 26 (4) -
1527 ~1531.

Li Yanchao, Liao Xindi, Wu Yinbao. Effects of slurry application on biomass of crossbred pennisetum and soil nutrient[ J].
Journal of Agro-environment Science, 2007, 26(4) : 1527 ~1531. (in Chinese)

LW, ESR, BRT UL, S TR BE X KA A RIS MR AR [ )], RO R R, 2011,
30(7): 1328 ~1336.

Jiang Li'na, Wang Qiang, Chen Dingjiang, et al. Effects of paddy field disposal of biogas slurry on the rice production, soil
quality and environmental safety[ J]. Journal of Agro-environment Science, 2011, 30(7): 1328 ~1336. (in Chinese)



