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B AL R A PR = SR HE i O S B R R .
AbubakerE 7 % IR VE WG AT DL g5 /N
A LB L M B ALY 15 Galver % 12 &
HLTH WG P AT DA 45 1 4 P A SRR 2 PR
a0 ) S B S0t T WA AT SR W R K
RIS PES 5, S0 3 R A7 eV e S . (EL AT
N FIRWOE R 2 LG £, 6=
TR B I TS 9 A SR

SLMEAE o T B L WA X gk
B, MTAAGEE]2.18 x 10° km?. Horik e i AH 5 4
FE B Ml 4 TR B 28% , FRiE T 2 E43%m A
—J7 T 4T S M IX K R IR 5, AR MR R AR
AT SRR e 1 s 55— T % s X R 2 o
WL RARPERTI B KA S B IT 2RI, S8t
SR, AR R AR AR S R G SR MR B AT
WS, S T R R R L
a5 UL R 0 B = R 1 AT ) i 5 B
7™ 7 BELAS AR il DX Al A 72 R 2 J A ) R4
HERL M IR OB, R A k. P,
KA ) - BE SR T it . B Ak R A R ki ok
B E R RIS WA HLICHLAR B it R
A TR, T LA A i B8 i w25 0 7 4 A S
J1o XVERAE SR g 2 Wit S AR AT 3 4R v
HeA LR . B AL AR A A 7
AR A VO e B | R S AR K A
WEJH AT R AL . AR, SR E R,
itz U7 AR b RS S AR 2 A O I e T
Froefim DA LB M A A A B )
S BRTE LT HE 2 K IR 5 26 S AL R vt , o
BUTIL.5 g kg™ EFFEI34E5 9243 g kg™, T HL
s A LR LS B A LT 3

SR RN 106 78 W45 A A P e 7 21 S8 5 b -
F9 15 722 55 I B SHL o - S 3 43 B W I 5 20 i L 4%
M. T, AR A 2 B WIS R R &
7T, BT IR BALIE AR R 4 AU e 138 55 43 48
FRATAEA: P2 i B SN, LASDT A 2 S7 21398 5 st 46 A 7
DX B2 45 B A M AR AR iR

1S
L1 G X4

W X AL T 707 A A B XK vk E A
(116°5'E, 28°12'N) . ZHX4FFE/KE1 750 mm,

80% MK B TEAHERI3—6H , 4F7E4 1 350 mm,
BRI C, TAR267 dA L, R A
MR 2 KU . S o B, U e 12013
E4H —20144E8 H , HIHEAEY AL . iR E 6
A3, B RBENLIX AT, B3R ES
Z/NXTHA12.4 m x 4.8 m = 60 m>, /NX [A] [Hig
$550 em, 525 em, PRPFT20 emo K IR
e 2rh+ ok B ey LAl a7 3 o 356 JF 4RO ~ 20
emtHEpH (£ @ K=1:2.5) 4.94, AHLSE12.15
g kg™, 2%0.83 g kg™, BfFA35.54 mg kg, H
WE15.41 mg kg™, HAE169.21 mg kg,

1.2 Rt

AR T WA BEN-P,0,-K,0 8 120-90-
135 kg hm™ (CAHEARERSN ), ¥H 0 FH AL B H R
JEP,05 . K,OHEAE AN E o 453056 b 3 HLAA Ry
I AHEfE (CK) 5 MHjEfbiERE (NPK) 5 1T 4k
JEA+TH WA (HWAE S HEN 15% . 30% .
459% , BS15. BS30. BS45) ; IV Hjfi ¥H B A
(BS100) o AS[w] 4k #HE A4 B A} it FH = S S I8 A Bl
fiey A LR 1,

HETE VR 2 b E R R IR T A, R
BURMAIRAE, KBERHI3ASH UL B 201345 H 5%
A E A A HLER162 mg L' 4% 281 mg L7,
NH{-N 269 mg L', 4 54 mg L™, 240 188 mg L™,
pH 7.67. 20144 300 & A BN A HLAR 121 mg L7
AR 203 mg L', NH-N 133 mg L', 2 46 mg L'
4241 169 mg L', pH 8.01, XA HKE (N
46% ) , BENEMESEERENL (P,05 12% ) , B A
fEBR (K,0 60% ) o FTAT HE AL 4 kit

201 34FRE R HTRE M AL R /N . BB, B AT
RFEMNTIRHE LB, FRE . FEERIC .
SALEFREAETL RIGIRA, SR )5 BE — X BB
Ao A RE N B Z A 4E . SRR AR 1S
B A4 Ttk 405 T20134E4 H 10H |
20144E4 7 15 H BRI AI20134E8 HSH . 201448
10 H SR o e 22 b > 153 R A7 L 3 Bk 4 2
1.3 HERESHH

AEAEWCIN - a3/ NXCERAT o B, PR 4
PP Wt “S” B L4 ( H425.0 em)
KRS0 ~ 20 em BIEHESL, RS HIBRENER AR
ML, KT mm. 0.25 mm#10.149 mmfi

T A BB A SR AR T R A Y vk
IR0 B KMn O, 4333 mmol L5 A7 AL
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Table 1 Designing of the field experiment (2013—20144F )
- WA LR N
HH /S B B W SEALED
Kb 3 Organic carbon
Biogas slurry ( BS) Urea Calcium magnesium Potassium chloride
Treat s 5 input with BS 5 5 5 5 5 5
(x10°Lhm™?) , ( x10 kghmf) (x10 kg hm™ ) (%10 kg hm™ )
ment (kg hm™)
2013 2014 2013 2014 2013 2014 2013 2014 2013 20144
CK — — — — — — — — — —
NPK — — — — 2.61 2.61 7.50 7.50 2.25 2.25
BSI15 0.64 0.89 10.38 10.73 2.22 2.22 6.84 6.72 2.00 1.95
BS30 1.28 1.77 20.75 21.46 1.83 1.83 6.18 5.94 1.77 1.65
BS45 1.92 2.66 31.13 32.19 1.43 1.43 5.52 5.16 1.52 1.35
BS100 4.20 5.91 69.18 71.53 — — 3.17 2.31 0.66 0.24

T CK: AHAE; NPK: MUGALAES; BS1S: AIBE+AMA (RRAE L EN 15%) ;
BS100:

N 30% ) ; BS45: fRIEA+HEA (HREE G SN 45%) ;

BS30: fLHEA+TAIA (VHM A AN M
PANETHR A .. FRl Note: CK: No fertilizer; NPK: Chemical

fertilizer ( CF) total nitrogen (TN ) only; BS15: 15% biogas slurry ( BS) TN plus 85% CF - TN; BS30: 30% BS - TN plus 70% CF
- TN; BS45: 45% BS - TN plus 55% CF — TN; BS100: BS TN only. The same below

4 0 S SR T B R B - R R AN Bk 0 L i
HERE R LL20 134 B0 T B i ) 3 RE i S S R
R 15 A ML B R T P A AL 5 i T B e
EIHEE (CML) , B BRI R

TSRO R R RO R E 0 AER
FPEME LR E 205 @R HASI L%, 4
PR AR - AR TE A BB TR A
FHELHLESEAT mol L7 KCUARIZHREE+4E, 4k
Jaid i€, NH;-N. NO;-N. NO;-N¥ R F 28
MR E ;. A RBER T Olsentk ; AL HIR
FH1 mol L™" NH,OAcI 2 — G A 2 5 + 5
pHR LB FREEE (£« K=1:2.5) | MLk
M

B X 10 7 ) S kSR P A i 4 2 g
R T

NEREXTAE S 7= 1 B TTER R (% ) = (e A2
FEaE - R AE AR B ) /it AR AR EE S x 100,
1.4 HIBESH

FT 153 504 R F Excel 2007 3E 474038 . 2] K]
o SPSS 13.0 it oM A7 S = 7 22 07
Br (One-way ANOVA) | FHEH:HT ( K/ANRA
pearsonfg 41 ) o 257 W E MM R H Duncanfi &
W2, BEMEKFEp < 0.05,

2 R 518

2.1 BRWEREN TIEBINRMKEERERY
=0p=A1)

T AP AT R EY KT SRSy,
M) - 398 P SR A 85 400 1) T B S A, 9 o - 38 1y £
AARAE K G2 o PEfiE 222 L R O R R R
BAMIE SR (£2) o HACAEAIRS & T
CK 7.9% ~21.3%. BS304b¥#;CK. NPK. BS100
IO B M21.3% . 7.5% . 12.5%, FikZERY
IKF| B EIKF . BS15. BS30. BS454b3E A7 ML
B A CK., NPK. BS1004k 43 42 520.9%
~28.9% . -0.7% ~5.8%. 1.2% ~7.9%. BS304bFH
CMIW 3 TCK. NPK. BS154b¥E, % H At b 3¢
P T43% ~18.9%,

EPEA DR H Ak B . o pk 1 g
WEE Ak . XIEY IR 000 A e B AE TR
AR N > o AR T A LR, 1A HLR %
Jite IES 45 it 1) 52 7 B U o PO T A BIL B A 3 Y il
PEASPRAEEL (CMI) REWS S W+ 1 o A0 Ak 58
e 1) AScr, BS30AbHE G BB T LS
PEAHLTT S AICMI, AT UL b JIE 25 4 i 8 3%
MG T AL B R, SRR S T SRS
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Table 2 Changes of soil organic matter and carbon pool management index of the red soil after application of biogas slurry

i PEAT LB

Labile organic matter ( mg kg™)

e PP A5 B L

Carbon management index ( CMI )

Qb3 AL
Treatments Organic matter (g kg™ )
CK 12.65 + 0.05d
NPK 14.28 £ 0.16bc
BS15 14.99 + 0.50ab
BS30 15.35+0.13a
BS45 14.70 £ 1.07ab
BS100 13.65 + 0.90c¢

12.44 £ 0.12¢
15.15+£0.61b

15.28 £ 0.18ab

104.11 £ 0.08be
99.84 + 0.06¢

101.49 = 4.64¢

16.03 £ 0.58a 118.72 + 8.63a
15.04 £ 0.20b 114.41 + 11.14ab
14.86 £ 0.82b 108.83 + 6.83abhc

A RPAEDING b3 m Ab B a) 22 55 i 2 (p< 0.05) , NIl Note: Different small letters in the same column mean significant

difference between treatments at 0.05 levels, respectively. The same below

1 FAAATAE 0 K A HUIE A e Tt T 5 e
LR, PR A Sy R g
EHAHL (B3, FEFF ) TCHLIE B HE RT3 3 4t
SRR MU & BERICMIL; IRakoR%s YRR R
B Tt AL MR AR A HLAC AL BE A LA A AT L it
EXEIN T B PUR B T AT 45
JERTE S Z MR, AR SR IR B0 L) — & Ll
(30% ) SALAC B A e b 35 42 = 3 AL Y 5k
TR, NI Ry Rk, T AR
JREJEEE S . AP A NUE, BT ERER &
HEEE, S5iE AR S SCGE T MY
BN, A /NG, iR T REY
WA R (R A REE ) |, WK3h 1T R A HLak
JEEEA
2.2 BiRIBELMEXT IR TR 4 ERI D

RE: AELEPERNERHRKEEFRITER
Z— o N AT Ak R4 R R BT A CK A ] 1
hn24.1% ~ 37.4%M8.4% ~ 20.0% ., BS304kHH 434
B T'CK, NPK. BS15. BS45. BS1004:F3H20.0% .
10.7% . 2.7%. 9.6% . 9.6% (%3 ) . HHA ST
E— B b - IER R HE RN R EE . BS30.,
BS45. BSI004bHNH;- N& % CK. NPKFIBSIS
b FEAY B4 27.5% ~ 80.9% . 40.2% ~ 72.6% .
40.2% ~72.6%; BS30, BS454FINO;- N&
HHCK., NPK. BS15., BS1004b 3 43 %) 1 hin
13.3% ~21.8%. 9.6% ~17.8% . 10.6% ~ 18.9% .
13.7% ~22.2%; BS15. BS30. BS45. BS1004t
FENO;-N&r i & T CKHMNPKAR L 120.0% ~ 220.0%
F83.3% ~ 166.7% ., [HAT LHENH,-N, NO;-N.
NO;-N& #IEEYHMAEBS30AHE, #CK.,

NPK. BS15, BS45, BS1004b3, NH;- N& &4
BEE1.86, 1.75, 1.75, 0.78. 0.51 mg kg™';
NO;-N& 432 /5.36, 4.52, 4.75, 2.09, 5.34
mg kg™'; NO,-NF 3 HI42750.55. 0.50, 0.25,
0.10, 0.15 mg kg™'o iR 25 R ¥k W K,
3 B8 HEENO-NF = ENH-NF #1065 4
i, FZH X B A B R INOT- NIk E KB . TR
A A T it X - 98 4 R0 Ak 2R % et 34 I AN [
JERUER, VA W AR IR P ite S e T AR AR
CREREAE ), KR FEFAE bR AR5 B 7 1
W IR IR B AR P, SRR T A
RIKF,

W BHOPEARS TR, Rnagsh
FEAE RGP, HABSRIEBERE S, 19
AR E A E43.5 ke hm 22, BEARHEA + 15
J5i 5 W SR 1 R AR R 0 AT A
SRR Z . 5 CKAR L, it A Ak 2 4 35
AW A 30 S 1 0 42 95 16.3% ~ 24.5%F17.9%
~23.4% (£3) . BS15, BS30, BS45, BS1004t
PG S0 & B NPKAL B2 351 #2755 4.9% ~ 14.3%,
HJC 3 22 5 . CK - 38 v 9 A 00l e A 0 W ity
EMEAH R, FEARBETERERK. 5
NPKALSEAR L, VH Wt B S 4 v T - e R
. AR EERAGSANAIRE 255
A 8 [FRH 2 T ) PR BT A, AATITRRARG T g
P 0, dRE T IR R A R, R T
TR ALBEGE ) .

BIZ . THERE FEORIE T LT W EY
BRAR Y i AP ZE AL o il AT X - 398 4 5 8 O I
M, fH A S B CKHE 5537.5% ~ 68.5%
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Table 3 Changes of soil nutrients after application of biogas slurry

oA NH;-N NO;-N NO-N g AR gl AL
Abg Total Ammonium Nitrate ’ Total Available Total Available
Nitrite nitrogen pH
Treatments nitrogen nitrogen nitrogen 5 _, . Phosphorus  phosphorus  potassium  potassium
(gkg') (mgkg') (mgkg') (> 107 mgke™) (gkg™) (mgkg') (gkg') (mgkg")

CK 0.95d 2.30c 24.57¢ 0.25d 0.49b 54.99h 7.91ab 102.36¢ 4.90ab
NPK 1.03¢ 2.41c¢ 25.41be 0.30d 0.57ab 59.36ab 8.05a 140.71b 4.79ab
BS15 1.11b 2.41c 25.18he 0.55¢ 0.58ab 66.23a 7.91ab 143.57b 4.76b
BS30 1.14a 4.16a 29.93a 0.80a 0.58ab 67.88a 8.10a 167.97a 4.95ab
BS45 1.04c¢ 3.38b 27.84ab 0.70ab 0.61a 62.26ab 7.68b 170.47a 5.22a

BS100 1.04¢ 3.65ab 24.49¢ 0.65he 0.58ah 63.42ab 8.11a 170.82a 4.96ab

(#3) . BS30, BS45. BS100kbFH 8 2 41 & & 48
CK. NPK. BSI5AF53 538 hN64.1% ~ 66.9% .
19.4% ~21.4% ., 17.0% ~19.0%. |82 F#4555)
/K. CK. NPK. BS154bHA A AT 11 o 2%
TR, MiBS30, BS45. BS1004bHIN KA, &
W VA AR P X i Tt 2 A A AR PR, W
TR RASE, MRS T g s T,
IO IR 2 e 2145 S b ARV ) ) — SR SR AR
pH: pHAE N 5 A + 3 1k 24 P R B B 52
- 98 v & SR 53O0 B B AF TR IR S U R AR ) 0 A AL
PE o ABIFE v A M p HRE RO S 00 1 i 5 43
“U” Ak (%3 ) . BS45AFAECK, NPK,
BS15. BS30. BS1004 541 70.32, 0.43,
0.46. 0.27. 0.26pHH{; . NPKHIBS154b 4%
CKZP M FRET0.11810. 14 pHEANL, THiBS30 .,
BS45 . BS1004:HAL CKIM 435134 in 170.05. 0.32.,
0.06" 1~ pHEAL, AT WL AL AL FITE WL (15% ) Ab3E
g TR, MEI (30% ~ 100% )
b A T 2D R Ak . Rl IE DTV
mE (7.67M8.01) , HAPWOH H M T H 4
T,
2.3 BRARE e A T E AR R E A
TH WO 5 BOE AR 7 i i 2 5 T CKAINPK Ak
B O(4) . 2013, 20144F BSI5. BS30. BS45,
BS1004b #EHL CK A HIHG IN55.0% . 64.5% . 44.6% .
55.5%M27.0% . 31.3% . 21.2%. 29.3%; 3NPK
b BRI 3B EIN18.7% . 26.1% . 10.8% . 19.2% 1
14.8% . 18.7%. 9.6% . 14.8%. | iR#ZEFHAEE
FKF. HHBS304bHE (3 789412 875 kg hm™)
2013, 2014455 HAth kb #4351 34 15.8% ~ 64.5%

F3.4% ~ 31.3% . AT VLI W A0 0 32 i T it fig o &5
P e R A 7 ) o kR TR O B AR I 5 Bt
HEpHFEAL (3) , HHExcHbE 0 ALY K
T U WAL SRR AT Y B RN T, i
TEAERR R A S VR TR i e U ) - R A AR
FH, SR el R pH, JER T AR AR R
MR FEME . AR RBUR R, 45t A B 4F B
2508 (15.18% ~ 19.40% ) k%] haeas & 31
Horit R WAL 3 (15.99% ~ 19.40% ) & TNPK
AhEE (15.18% ) o 3K —J5 11 5 4F by o] S AR AR b A
X, AT BN EEA—-, EI %X 4 F
%, REKRAERRAEE R 5 — 7 R R A
TWAE, HEEAEEIT AR BIAR e . SR VA Wt H Ak
PRAE AR PR AR AL AN 1 SRR B Y XU 52 e N AR AR e
R R 5, P Ul T A R it R T
B4 = 7 o

JIEE BT ik o s e T2 2 A A A IR Y A 7
BE 7 L N T AR R T A AR A TR B G L 451
JERL BTk 3 B S i A AR B R 22 5 (R4 o BS304b
FRAE20134F . 201441 R dncy, 43 53k 5139.2%
M31.3% . NPKALFIW e ik, 435 °423.4%F1
9.6% . MKINT , i FHIE WA & 1 AEREXT ™ 5 1
TR, REBIETH AR AT RO, X A
PR — A E R
24 ZXEFSEEYTENXR

MM TR (£S5) , BRamsh, AR
5 H A A IR AR A SRR L AHIE R ELAE0.400
PLEHBRIEASE, H S5EHA PR, 2AAH
W E K (r>0.900) 5 50808 E] B E K
(0.862%) ; HEAR . WA . k. S
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Table 4 Changes of peanut yield and fertilizer contribution after application of biogas slurry
20134 20144 2013—20144F
P W ERExE e o B REREX SRR SRR R R
b Yield Increasing DIy & Yield Increasing TTkE Average s Variation
Treatments (kg hm™) rate Fertilizer (kghm™) rate Fertilizer yield Average  coefficient
(%)  contribution (%)  contribution (kg hm™) increasing (%)
to peanut to peanut rate (% )
yield (%) yield (%)

CK 2 303d — — 2 190d — — 2247c — 3.56
NPK 3 005¢ 30.49 23.36 2 422¢ 10.62 9.60 2 714bec 20.78 15.18
BS15 3 568ab 54.96 35.47 2 780ab 26.95 21.23 3 174ab 41.28 17.57
BS30 3 789a 64.54 39.22 2 875a 31.28 23.82 3332a 48.29 19.40
BS45 3 330bc 44.60 30.84 2 654h 21.18 17.48 2 992ah 33.15 15.99
BS100 3 582ab 55.54 35.71 278 a 29.23 22.62 3206 ab 42.68 16.58

xS TRIBAEFREFEZEIRMEXMY (Pearson U 2 E KL )

Table 5 Correlation between the soil fertility index and peanut yield ( Pearson 2-tailed test of significance )

PSR AHURY WA BEEE 2R sRE” mAAS WA %Y A " " pH

Factor BLE® 485 O
HHLRY
HHEANLE® 09207
WA EAEEY 0415 0.392
LY 0.922"  0.894"  0.422
HASES 0.443 0566  0.912°  0.534
oY 0.713  0.595 0.838" 0.622  0.704
WA A A 0.689  0.713 0.832° 0.742  0.885"  0.699
A 0.789  0.867°  0.405 0.664  0.525 0.464  0.739
AR 0.862°  0.872"  0.497 0.969" 0.636  0.568  0.850°  0.723
4" 0.071  0.256  -0.087 0.310  0.170  0.037 -0.069 -0.201  0.214
R 0.665  0.821°  0.643 0.648 0.810  0.537  0.883° 0.910° 0.756 -0.030
pH 0.065 0.036  0.726  -0.106  0.553  0.464  0.523  0.383  0.025 -0.653 0.490
P 0.732  0.826°  0.534 0.860° 0.728 0.457  0.901" 0.770  0.956" 0.155 0.864" 0.157

e ¥ 7E 0.01 KF (AU ) EREHSE, * 78 0.05 K (W) & Note: **Correlation is significant at the 0.01

level, * Correlation is significant at the 0.05 level; @® Organic matter, @ Labile organic matter, @ Carbon management index, @

Total nitrogen, ®Ammonium nitrogen, ®Nitrate nitrogen, @ Nitrite nitrogen, Total phosphorus, @ Available phosphorus,

10Total potassium, ) Available potassium, 12 Grain yields

G R EAE0.650 LA 1o Ui BAAT AL BT B4 5 ) 45 52
M A R OT AR B R, PR A AL R
SERFAEARZ L o SRS A HLSER 5 A HLBR 3%
FORA, &SR vk, A, B0 e
I (r>0.800) o VA PG E R0 e b AE

Yy RE TR MR, 2 R B
JiE N AT AT ML R AR R R i R AR
EEEEA YT, 52 5 RE M Sk L EE )
Sl o PRI JE R AT I 7 i o AT AL TR Y [] P
SN TEE AR A MR A B . R e R S AR
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3 4] FREATGAE TR RN BC X 219 52 3t + IR 0 MR AL 7 ik 1) 5 ) 681

B, AR ESWHSE. ASSTHESEA. #
RO SRR . AU S R )3 W E A
Ko KUK FETRIRTE I IR A TE, T2
FHE A R R & AR R

+ A S R T B R R E AR
(0.956) (%5) , FRWIA WM H= 2R Y H
IR A R S TR E AL S . X H AL
B D SRR Y R e g R — B RS
PENL ., 28 . WS . @54 - a
PIFEE R E A CR, MOCRE 5 50.826%
0.860%, 0.901%, 0.864*, HHLET ., AR . W
BAR G EAAEE R MR, MM REL
5%350.700L L.

3 45 &

BWAR (30% ) AR EHRE T HHmEE
MLIT . BeAE . AR . WASASAE . A, &
RO O i B A B A e Ak IR AR T4 A
(15% ) AbFfeit | HiEmil, MR 2% (30%
~ 100% ) Kb 30X A 39 R fb & 10 7 FH o VH Wit
MRS T 5, HhEREA (30%) At
AR SP- 349 7 s HL A Ak U 2 7 4.0% ~ 48.3%
[ R T IR B A A ™, 20 48 52 1y v 4 o
AHLT R A A WSS AR A
W, R A . M AP, A
BT B B Shy 75 00 b Sz e - 38 5 i 1 A8 Ak, R £
B AL i) RAFEMFE bR . AT, Il
B tcht (30% ) —J7 ] B m e A e i,
AR o 53— T 1 D) 3 A i - T A AL
T SRS S R A AR A, N R 21
S AR 3G R T B N A RGE AR

I

[ 1] Bk IR A SRR —— LIt &
AN L EARRRARAR I ). AL st P ERRABE, 2012

Chen Y X. Study on the ecological and environmental impacts of
liquid digestate from swine farm applied on cropland—A case study on
a wheat/maize rotation cropland in Beijing ( In Chinese ) . Beijing:
Chinese Academy of Agricultural Sciences. 2012

[ 2] Galvez A, Sinicco T, Cayuela M, et al. Short term effects

of bioenergy by—products on soil C and N dynamics, nutrient

[3]

[4]

[10]

[11]

availability and biochemical properties. Agriculture, Ecosystems &
Environment, 2012, 160: 3—14

A, FIES, IRIERC FREF SR PR SR
HORHIHR. HEAES R, 2002, 10 (2) @ 136—138
LiY, Shan ZJ, Xu D H. Preliminary studies of management of
livestock pollution in China ( In Chinese ) . Chinese Journal of Eco—
Agriculture, 2002, 10 (2) : 136—38

S8 T A5 R G AR WAV g S KU A . AT -
WL, 2010

Shi Y M. The potential capacity for paddy field ecosystem to
decontaminate hiogas slurry and its risks assessment ( In Chinese ) .

Hangzhou: Zhejiang University, 2010

KB, XIF, EE, S HREE MR SO HECR.
AR, 2011, 31 (6) : 1735—1741

Zhang C A, LiuY, Cao M, et al. Pricing method and application
effects of biogas slurry (In Chinese ) . Acta Ecologica Sinica,
2011, 31 (6) : 1735—1741

Zirkler D, Peters A, Kaupenjohann M. Elemental composition
of biogas residues: Variability and alteration during anaerobic
digestion. Biomass and Bioenergy, 2014, 67: 89—98

Abubaker J, Risberg K, Pell M. Biogas residues as fertilisers—
Effects on wheat growth and soil microbial activities. Applied
Energy, 2012, 99: 126—134

Sieling K, Herrmann A, Wienforth B, et al. Biogas cropping
systems: Short term responce of yield performance and N use
efficiency to biogas residue application. European Journal of

Agronomy, 2013, 47: 44—54

Terhoeven—Urselmans T, Scheller E, Raubuch M, et al. CO,

evolution and N mineralization after biogas slurry application in the

field and its yield effects on spring barley. Applied Soil Ecology,

2009, 42: 297—302

e, 8, BRI, A5 S AT RO K A VR

2 SR R SR PERSEN. 4l SFEER iR

2014, 33 (8) : 1644—1651

Feng D N, WuJ, Yang G, et al. Influence of long—term

application of biogas slurry on microbial community composition

and enzymatic actibities in surface soil under rice—rape rotation
(Tn Chinese ) . Journal of Agro-Environment Science, 2014, 33
(8) : 1644—1651

RO, S, EhHET. o R 2L A R e I Y )

TR AR, 2013, 33 (24) ¢ 7615—7622

http: //pedologica. issas. ac. cn



682 R 53 %
Zhao Q G, Huang G Q, Ma Y Q. The problems in red soil (1) : 97—100
ecosystem in southern of China and its countermeasues ( In 1o #MIN, T, A RHIARRRIE T 2s A LR S
Chinese ) . Acta Ecologica Sinica, 2013, 33 (24) : 7615— TR B . AR, 2006, 43 (5) @ 723—729
7622 XuM G, YuR, Wang B R. Labile organic matter and carbon
[12]  FL228k, RIER, Akl 2 KRN 4T e 2 oYy management index in red soil under long—term fertilization (In
PR ST L N A AR, 2004, 15 (5) - Chinese ) . Acta Pedologica Sinica, 2006, 43 (5) : 723—729
756 [20] . EHAR LA T ik, ALst. AR IR
Kong HM, He Y Q, Wu D F, et al. Effect of long—term #2000
fertilization on crop yield and soil fertility of upland red soil (In Lu R K. Analytical methods for soil and agro-chemistry (In
Chinese ) . Chinese Journal of Applied Ecology, 2004, 15 (5) : Chinese ) . Beijing: China Agricultural Science and Technology
782—786 PI"ESS, 2000
[13] . FEernR iR, 4458, 1995, 27 (6) & 281— [21]  FEENE, BRI, AL, A5 AR AT R
285 T IEFRIT G/ N PR R I LRI Y. PR R,
Zhao Q G. The problems about the red soil degradation in China ( In 2010, 15 (3) : 22—28
Chinese ) . Soils, 1995, 27 (6) : 281—285 Dong LH, LiYY, Pang H C, et al. Comparison of the effect of
[14]  PhE, BRBbbR, BCEE. R Lriimps X - e/ s e long—term fertilizer application on soil nutrients and wheat yield under
ZATY. 1HE, 1995, 27 (3) . 119—128 different soil types (In Chinese ) . Journal of China Agricultural
Sun B, Zhang T L, Zhao Q G. The comprehensive evaluation of University, 2010, 15 (3) : 22—28
soil nutrient barren about red soil in hilly region in South China ( In [22]  Zehlks, (bR, (e, 5. RIBIMACHUIER LISt
Chinese ) . Soils, 1995, 27 (3) : 119—128 FROT R BARZE P BEHOREA. 1A, 2009, 46 (6)
[15] XL 2o, T, 4. SIUEIRAHEH Rk 021109
T A B W B K A2 . 2006, 20 (1) - Jiang C L, He Y Q, Li H X, et al. Effect of long—term inorganic
95—08 fertilization on soil nutrient and structure and peanut yield in upland
LiuGS, LuoZ B, Wang Y, et al. Ef fect of green manure appl red soil (In Chinese ) . Acta Pedologica Sinica, 2009, 46 (6) :
ication on soil properties and soil microbial hiomass in tobacco field 1102—1109
(In Chinese ) . Journal of Soil and Water Conservation, 2006, 20 (23] R, skBk, RIDAE, 25 AWHEACLH T RS H ™
(1) : 95—98 THEA MR AR EFRNAL. Ol FRALFE, 2006, 27
(161 4kl], BPiE, HRA, . KIEISIE IR T A (2) : 153—156
FEFE R4 3 M SR RS SRR, 2011, 17 Xu L, Zhang Y Z, Zhou W ], et al. Effects of different fertilizer
(3) : 563—570 application systems on soil fertilizer quality and rice yield ( In
LiJM, HuangQ H, Yuan T, et al. Effects of long—term green Chinese ) . Research of Agriculture Modernization, 2006, 27
manure application on rice yield and soil nutrients in paddy soil (2) : 153—156
(In Chinese ) . Plant Nutrition and Fertilizer Science, 2011, 17 [24] kAL, T, 230, 5 KGR s
(3) : 563—570 PEAHUBATEESERRE. 5, 2010, 42 (3) @ 364—371
(170 bkitse, BATEM, R, . KIDIE GG AR S Zhang J G Qin JT, Yao W Q. et al. Effects of long=term
Yy, T EgR R, 2009, 42 (8) ¢ 2809—2819 fertilization on soil active organic carbon and soil enzyme activities in
LinZ A, Zhao B Q, Yuan L, et al. Effects of organic manure and upland red soils (In Chinese ) . Soils, 2010, 42 (3) : 364—
fertilizers long—term located application on soil fertility and crop yield 371
(In Chinese ) . Scientia Agricultura Sinica, 2009, 42 (8) : . . . .
ithread A, Lefroy R, Blair G. A survey of the impact of cropping
[25]  Whithread A, Lefroy R, BlairG. A f th f
2809—2819
18T AL, B SCEM. KRR 2T e on soil physical and chemical properties in north-western New South
VEMIE KRR, K 2238 . 2005, 19 (1) = 97—100 Wales. Australian Journal of Soil Research, 1998, 36: 669—682
Wang B R, Xu M G, Wen S L. Effect of long time fertilizers [26] T, ZERIT, 2575400, KAl %o 21 35 S 1 I 7 1)

application on soil characteristics and crop growth in red soil upland

(In Chinese ) . Journal of Soil and Water Conservation, 2005, 19

R K LR,

Wang B R, Cai Z J, Li D C. Effect of different long—term

2010, 24 (3) : 85—=88

http: //pedologica. issas. ac. cn



3 14

FREATGAE TR RN BC X 219 52 3t + IR 0 MR AL 7 ik 1) 5 )

683

[27]

[28]

[29]

fertilization on the fertilizy of red upland soil ( In Chinese ) . Journal
of Soil and Water Conservation, 2010, 24 (3) : 85—=88
TR, AR, W IR AR DX/ N A RS A
FHAE. A, 2007, 27 (2) @ 603—612

Wei X R, Shao M A. The distribution of soil nutrients on sloping land
in the gully region watershed of the Loess Plateau (In Chinese ) .
Acta Ecologica Sinica, 2007, 27 (2) : 603—612

TRBkAR, Ensh, AR L0 R IX ISR IR SRy
PR TR S EAEE, 1998, 7 (1) @ 18—24
Zhang T L, Lu R K, LiZ P. Nutrient degradation and restoration
of red soil in hilly region of China (In Chinese ) . Resources and
Environment in the Yanglze Basin, 1998, 7 (1) : 18—24
SKESE, AR LT R A AL TP AR L
244, 1998, 35 (1) & 104—111

Zhang B G, Li G T. Roles of soil organisms on the enhancement of

plant availability of soil phosphorus (In Chinese ) . Acta Pedologica

[30]

[31]

[32]

Sinica, 1998, 35 (1) : 104—111

KN, MREUK, B, SFCAPUE (9)) xF bk
TEAGTEF KL ST: A HUIE () X E3EARFIESTCHL
BRI R A E TR SRR, 1998, 4 (2) @ 145—
150

Zhang Y S, Lin X Y, Luo A C, et al. Studies on activation of
phosphorus by organic manure in soils and its mechanisms I: Effect
of organic manure ( matter ) on activation to different phosphate in
soils (In Chinese ) . Plant Nutrition and Fertilizer Science, 1998,
4(2) : 145—150

Wilding L. Spatial variability: Its documentation, accommodation
and implication to soil surveys // Nielsen D, Bouma J. Soil Spatial
Variability. Proceedings of a Workshop of ISSS and the SSSA, Les
Vegas USA . 1985

THR, B, K, 55 KU EY it f ok, 2

AR, 2008, 26 (12) 1 2040—2044

YuW T, Zhao X, ZhangL, et al. Contribution of long—term fertilization to crop yield (In Chinese ) . Chinese Journal of Ecology, 2008, 26 (12) :

2040—2044

Effects of Combined Application of Biogas Slurry and Chemical Fertilizer
on Soil Nutrients and Peanut Yield in Upland Red Soil

ZHENG Xuebo'" > FAN Jianbo' ZHOU Jing"” > > *" [HE Yuangqiu" *

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

(3 National Engineering Research and Technology Center for Red Soil Improvement, Red Soil Ecological Experiment Station, Chinese Academy of

Sciences, Yingtan, Jiangxi 335211, China )

( 4 Institute of Biology Resource, Jiangxi Academy of Sciences, Nanchang 330029, China )

Abstract Biogas slurry was known to affect the soil-plant ecosystem when applied as manure, especially in

combination with chemical fertilizer. However, little knowledge was available regarding how this combination affects peanut

yield and soil fertility in peanut fields of red soil, South China. Therefore, a two-year field experiment, designed to have

6 treatments, except for CK ( No fertilizer applied ) , different in proportion of biogas slurry N to total N input [ 0%
(NPK) , 15% (BS15) , 30% (BS30) , 45% (BS45) and 100% (BS100) | and the same in NPK rate ( N-P,05—
K,0, 120-90-135 kghm™) , was carried out to evaluated synthetically the effects of combined application of biogas slurry

and chemical fertilizer on peanut yield, soil organic matter, labile organic matter, carbon management index and soil

nutrients (N, P, Ketal) in the Red Soil Ecological Experiment Station, Chinese Academy of Sciences. Results show that

combined application increased peanut yield by 33.2% ~ 48.3% and 10.2% ~ 22.8% as compared to that in CK and Treatment

NPK, respectively, with Treatment BS30 in particular, reaching 3 332 kg hm™ in peanut yield or being 4.0% ~ 48.3%

higher than the other treatments, separately. Meanwhile it also significantly increased soil organic matter, labile organic
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matter and carbon management index ( CMI ) , and the effect was especially obvious in Treatment BS30. The findings
suggest that combined application may increase the content of soil organic matter and improve its quality as well. Treatment
BS30 markedly increased soil total nitrogen, ammonium nitrogen, nitrate nitrogen, available phosphorus and potassium
in the soil, as compared with CK and Treatment NPK, respectively. Correlation analysis of peanut yield with soil nutrients
(N, P, K, etc.) reveals that its correlation coefficient was the highest with available phosphorus, being 0.956%%*,
which indicates that soil available phosphorus is presently the main factor affecting peanut yield in peanut fields of red soil. In
addition, peanut yield was also found positively related to labile organic matter with correlation coefficient being 0.826*, but
did not have much to do with organic matter. At the same time, labile organic matter was in extremely significant or significant
positive relationship with organic matter ( 0.920%%* ) , total nitrogen (0.894%* ) , total phosphorus ( 0.867%) , available
phosphorus (0.872% ) and available potassium ( 0.821% ) , while organic matter was significantly related only to labile
organic matter (0.920%* ) , total nitrogen (10.922%% ) and available phosphorus (0.862% ) , which suggests that labile
organic matter could be better used as indicator of soil quality than organic matter, and, hence, may well be used as a good
index for evaluation of soil fertilization efficiency. All the findings in this experiment indicate that the combined application
of biogas slurry and chemical fertilizer, 3:7 in ratio can not only significantly increase peanut yield and reduce the use of
chemical fertilizer, but also build up the soil nutrient pool with higher labile organic matier and organic matter contents. It
is, therefore considered to be an effective way to increase peanut yield, while building up soil fertility in the upland red soil
areas of South China.

Key words Upland red soil; Biogas slurry; Soil fertilizer; Peanut yield; Labile organic matter

(RERE: HRF)

http: //pedologica. issas. ac. cn



