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Analysis on metabolic characteristics and functional diversity of soil edaphon
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Abstract: In order to provide a theoretical basis for soil edaphon community improvement and a fertilization system
establishment for arid areas in south China, a field experiment was conducted to determine the effects of biogas slurry
returning systems on the metabolic characteristics and functional diversity of soil edaphon communities in upland red soil.

The experimentcontainedsix treatments: nofertilizer ( CK) , chemical fertilizer ( NPK) ,15% biogas slurry N+85% chemical
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fertilizer N (BS15), 30% biogas slurry N+70% chemical fertilizer N ( BS30), 45% biogas slurry N+55% chemical
fertilizer N (BS45), and 100% biogas slurry N (BS100). Each treatment included the same amounts of N-P,0,-K,0 =
120-90- 135 kg/hm*( except for CK).Average well color development (AWCD) , indexes of microbial functional diversity
(Shannon index, Simpson index, richness index) were determined, and principal component analysis ( PCA) and
clustering analysis were conducted. The results showed that the AWCD value of treatments BS45 andBS30was significantly
higher than that of CK and NPK treatments, respectively. Treatments BS15 andBS100showed no significant difference to CK
and NPK treatments, respectively. The order of AWCD value, Richness index, Shannon index, and Simpson index wereall
the same as follow: BS45>BS30> NPK > CK >BS100>BS15. The results of PCA and clustering analysis showed that the
functional diversity of soil edaphoncan develop into 4 groups: First weretreatments BS45 andBS30with the highest microbial
activity, which promoted microbial activity to metabolize the carbon sources ofcarbohydrates, amino acids, polymers and
amines; Secondwere treatments NPK and CK with second highest microbial activity; Thirdwas treatment BS100with the
third highest microbial activity, and fourth was treatment BS15with the lowest microbial activity. Combined with the PCA
score, the order of functional diversity ofedaphoncommunities was BS45>BS30> NPK > CK >BS100>BS15. Overall, we
conclude that the microbial activity and functional diversity of upland red soil was significantly affected by biogas slurry
application, and that the chemical fertilizer was not completely replaced by biogas slurry. The soil microbial activity reached
the highest level when the total nitrogen input ratio of biogas slurry to chemical fertilizer rangedfrom 30% to 45%, which

could be expanded inupland red soil of south China.

Key Words: biogas slurry; upland red soil ; Biolog-ECO; metabolic characteristic; microbial diversity
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1.1 R X HEA

I DAL TV A RILE X Z G & EA (116°5'E, 28°12'N) , IXNAE-FHFERT AL 1750 mm, 80% R
$EHTE 3—6 H AEZE K 1350 mm AR5 IE 18°C , JEREI 267 d Aidy, JB R IR I 2 XU At

TR A 21 A ] 2013 4F 4 H—2014 4F 8 A RitEfE bibd, iR & 6 ~Ab i, 4 b B
3WHEE /DX 12.4 mx4.8 m=60 m” ,/INX[A] HIFEYE 50 em, 5 25 em, SRI1T 20 em, 3R 55 00
LK+ R ML 0—20em IR MER W32 1,

£1 0—20cm TEXEHEE

Table 1 Thenutrients content of 0—20cm soil layer

AL o B AR B LR
+ g Organic Total : Y Alkali-hydrolyzale Available Available pH
Type of soil matter/ © a( :;lkro)g en nitrogen/ phosphorus/ potassium/ (H,0)
(¢/kg) ¢ (mg/kg) (mg/kg) (me/kg)
213 Red soil 12.15 0.83 35.54 15.41 169.21 4.94

1.2 A5t

K ALFE N-P,04-K,0 53428 120-90-135 kg/hm*( CK BRAl) . HARK . T X (AL, CK) 5 T Uit fh2
BRAIAE (NPK) ; T fb22 E A I 78 (R4 N BN 15%,BS15) ; VAL A R B IR 789 (R4 N H
N 30%,BS30) ; VAL2E R BEATAE +B (A4 N (5 A N 45% ,BS45) ; VI Bt 78 7 ( BS100) , A4t A & L
#2,

®2 BHRBAERERE

Table 2 The fertilizer application rate of experiment

Qb3 162 Peanut kg/hm? QbR AELE Peanut kg/hm?
Treatment N @ P, 05 K,O0 Treatment N @ P,0; K,0
CK 0/0 0/0 0/0 NPK 0/120 0/90 0/135
BS15 18/102 6/84 27/108 BS30 36/84 12/78 55/80
BS45 54/66 17/73 82/53 BS100 120/0 37.5/52.5 180/0

a;:N-P,05-K,0 A9k A B/ A ;CK . ANitiHE No fertilizer; NPK . it fb A RS HT AL Chemical fertilizers only;BS15. A2 A AT AR +VE W
(VBEA N HHE N 15%) 85% chemical fertilizer total nitrogen plus 15% biogas slurry total nitrogen; BS30: AR +ER(BREN 8N
30% ) 70% chemical fertilizer total nitrogen plus 30% biogas slurry total nitrogen; BS45. AR +ER(BHRE N FEN 45%) 55% chemical

fertilizer total nitrogen plus 45% biogas slurry total nitrogen; BS100; i /37 Biogas slurry only

FACHKIRE (N 46% ) , BEAL AESEEHEAL (P,0,12%) , B AC A S AL4T (K, 0 60% ) , H R & B IR A4 ) - 2 02
ISR KB 3 AN A LR R A) B T 26 Rk pH 7.67 , BURSE /& & UL 3 3,
3 HikBREHSE

Table 3 The characteristics of selected biogas slurry

FEFTE Indexes 41 Contents/ ( mg/L) FEFR Indexes i Contents/ ( mg/L)

H LK Organic carbon 162 B4 Total nitrogen 281
NH;-N Ammonium nitrogen 269 NO3-N Nitrate nitrogen 0.32
J% Total phosphorus 54 B Total potassium 188
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JiT A AR 2 Rt , v i ad AR F R AS R B9 P, O, K, O B HIALACANE (3£ 2) o 2013 A 7l i i dL &) /s
DX BB SR AT 2d DEREVRIR, IR ESEERRIL SR ER IR AT 1d —UEIBEBIA . PR N BRI AR A d
A4 J ) RERr 8 A rh Aok . R AN ERAE 15 B 14 JT R/ A MRS AE KN R PR T
1.3 RS

WOREI ] : 2014 4F 8 H ) AR AE IR AT 24

IR ST IR IR, ﬁ/J\EiEEX 5 AR, 8 (AR 5.0em) R 0—20 em T2 0, SBIRSAE
FERFHA Y APRR R AR AR SE . i 2mm 5 5 F 00 € TR RUAE Y DI RE 2 R (4°CIRAE ) .
1.4 X577k
141  HHERAEYIDIREZ HEAE AT

K H Biolog-ECO FCF- A i X AN [R) VA VR A H St A B I A eV M D e 2 e e T Tl 2 . 1> ECO Al
31 BRI, KA G (10 B GRIR (7 A (ZIERR (6 M) RSP (4 M) (B2 (2 M) (2 F) 7S Fh
KA R PRI g i+ A B 9ml 0.85% NaCl JCHATRAY 18ml R v, 2 115 7 SR 41k 0
3% Smin, 1% 10 FFREEIE ] 0.85% NaCl JCHH #RCRF R BE 2RO 107 T Heft . R st (80 7E 0 1A
JEERE TR FH 8 S SRR S RE AR FLINAE 150ul, AERE 1 M, 3 IR E &, KR A9 ECO M ( EcoPlates™ , 3 [#]
Matrix Technologies Corporation 4= FEY BT 25°C WA iE S s g, WA 4 PR 24h Biolog Ash X E RS
( MicroStation™ System , 3& [ Biolog 2 &) ) 7E 590nm R 241, HADCH E iR E M1k, B35 F= ] A] 240h,
142 HHEIE

IR YA PR ) B A RE ) RIS WO EE M (AWCD) s

AWCD = 2 (Ci - R)/31 (1)

o, Ci 5 @ LA EE(E RﬁXTEE—TLE’J%fﬁV{E Ci-R < 0 g 0,
HERAE YR T ECO AR P 7S JSBIR I AE 1 145 F AT BOEEE (AWED") 1 3R

AWCD' = 2 (Ci =R)/n (2)

K, Ci Ry i FLEROEEEAE ; R %S BRFL RO EFEAE s n S I BE BB IR 2 Y (1455 Ci-R<0 BHEN 0,
T M RIS S BE 2 RE T A IFSE SR 5 3% 120h 1 AWCD F AWCD {H#EFT 2 RE S BT &
BT R R T, TI3ERUAE WS DI E 2 FE 48 5060 45 Shannon $840(H) (EE EEFEE0(S) Shannon

SIREHEH(E) | Simpson (EAEHEL(D) . BUSTEEARINT >,
Shannon F5 %%

H=- Z(Plznpl) Pi = (Ci - R)/Z(CL - (3)
FEERELS: %ﬁiﬁllﬁﬁﬁb“zﬁﬁﬁﬁﬁﬁ( FIWAREN Ci - R > 025)
Shannon 35] E 554
E=H/InS (4)
Simpson LR 5L
=1- ZPL (5)

Ao, Ci W5 i LG EEE R X BRFL IO FE (5 n jﬂ ECO MIE R, n=31;Pi N4 i FLATA XTI OE
JE(E 534S ECO AU XTI G BE(ELE RN B LR 5 S SRy 360 A8 Ak A B TR A 500
1.5 Hdnsb g

IR TS EE R FH Excel 2007 HEATALFE 22 FF  SPSS 13.0 it/ #4750 K 5 2% 7307 ( One—
way ANOVA) FHINESHT (K/INRH pearson F650) | TR FIEREZE 0T, 22 55 370 W7 R A Duncan 5
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B EIE, BEHKFE P<0.05,
2 BR5H5MH

2.1 TIERAE YR IR IE ) T 2E S B
2.1.1  R[FENAWGA BT A R v e ARG E A2 1k (AWCED)

SEXWEAE AWCD ST - 383 A W R A R e U 1 SR AR BE T, S I A A AR A R A AkER
B2 L FTR AN GA F A B A S A TR A AWCD B 1) 25 1k e 24 Ay it 25 BsF (1] 174 4iE K 1
Frim o 0—48h: £ 40 HE AWCD HIHAR, 1 W 38 G A Wy 3 AR IS PR R, B I B A R Bk A FH 5 48—168h
FKALER AWCD {EIR T &, A Y R BON K, UL LI E Y 48h 5 FF IR K A AR IR, IR AR
WG PR T 168h J5 2 0B AWCD (HEAS & T-F-22 , e iy IR Yis vk Bte e . Bk B A RNA
WA AR BT 3G YR 31 Fhik IR B9 25 & HE 1 (AWCD) A BS30>BS45> NPK > CK >BS100> BS15,
BS30 Fll BS45 Ab# 120h AYf A 16 PE 2 = T BS1S Ab#E,

1.20

—o—CK —2—NPK
1.00 | —&—BS 15 —+—BS 30
—*—BS 45 ——BS 100

0.80 |

0.60 |

0.40 |

PR EE AWCD

Average well color development

0.20 |

24 48 72 96 120 144 168 192 216 240
32} A Incubation time/h

1 TEMEMBEFHRAEENTN
Fig.1 Changes of AWCD of soil edaphon against incubation time under biogas slurry application
CK: AHfE No fertilizer; NPK ; BAja A2 A B4 T Chemical fertilizers only; BS15: 1% ZBEHIE+BW (WA N 52 N 15%) 85% chemical
fertilizer total nitrogen plus 15% biogas slurry total nitrogen; BS30. fb2% % B AL +VH WX (VHW 4 N i 5 N 30%) 70% chemical fertilizer total
nitrogen plus 30% biogas slurry total nitrogen; BS45. k2% B NE+TEW (VB4 N 58 N 45% ) 55% chemical fertilizer total nitrogen plus 45%

biogas slurry total nitrogen; BS100: HUiiA ¥ Biogas slurry only

2.1.2 RFENAWGES BT A YRR A 2 A R IR

P IR 2 BRI PR T, 31 MR IR S K AL S0 (10 ) RIR (7 F) (B EERR (6 M) (REW (4 Fh) By (2
Fl) 2 (2 i) SRS R EHRIR , A3 HT 45 ZBR IR Y AWCD A FT J] D7 45 Ak #1398 Ak A 0 B v ) AR 28 R R
FFIHRE ], AR SCIEHL 120h B9 AWCD {E 2 il AS [FVE W4 H & 3 iR A e | (K1 2) o 4%
A PR 8] + SRR MR R AR oK AL G JRIR R G W BE I FETE W 3 25 5 (P<0.05) AR 2 R B2 |
JeR I RE 3 25 5 (P<0.05) , Hodp /Kb 5435 . BS45>BS30> NPK ~CK >BS100>BS15; & 22 . BS30
> NPK >BS100>BS45> CK >BS15; & 3225 : BS45>BS30> CK > NPK >BS100>BS15 ; 492 . BS45>BS30 ~
NPK >BS100> CK >BS15; 2. BS45>BS30> CK > NPK =~ BS100>BS15; i . BS45>BS30> CK >BS15> NPK
>BS100, A DA&EE, HIEHUE Wik KL &9 & 51 25 AWCD {55 [k 31 R I S A A I 25 L
BS30 A3 - S AR 3t S 2R VR A AC IS RE ) T BS45 AbFE LA &AL B T BS45 Ab B 5 s 4 3 D
T IR W R R IR IS LA H S iR i A G g
2.2 R[RENVAWGA H T LA RS iae 2 HE R B =5

Shannon #JFIHE%L  Shannon 35 BEFE 4K | Simpson D34 BE 45 BB I A 3= 5 B8 B0RT L) S e 4 B i Ak
YRt TE T REZFENE . SRR AR B0 e - SR A WU RV D B 2 FE P AN [R] 5 T8, Shannon 48 %5 LR
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0.8
CK +— NPK +—BS 15 ——BS30 ——BS45 —e— BS100

0.7
0.6
0.5
0.4
0.3

PG AWCD

Average well colour development

0.2
0.1

ok A FRIR AR REW (DS Jic
TRIE I Carbon sources

B2 FREBRZEBHET 120h B L IEHEYREHIE AWCD
Fig.2 AWCD of soil edaphonat 120h of different carbon sources under biogas slurry application

P& S A AAS ; Shannon 1757 BEH8 B80S WA T 453 A 19 120 5 1 BE 5 Simpon F0 342 48 800U MR V& T i
R REE | AL ECO MKi 3% 120h J& (1 L e M BE TS DI BE Z AR PEFR AL 36 2, & BEHR AL
Shannon 84§, Simpson 5 #E 850 1344 BS45 Zb P f% /=, BS30 AbBEYK 22, BS15 AL BEEAIK, 1M Shannon
SIREREEOT I A BS1S AbHiR o, W 25 T A B i R A AL B W) G & 2 25 5, 1T L, BS30 Al BS45 b B
BN T e R P R S RO AR A B (H I A B = T R S S 2 43 A 5 1T BS1S AR BEAN ] T
A M R SRR AR R B R (R T R A R 2R B R 5 0 A

x4 BREBNTEREMEEIE S EEERHRNE
Table 4 Effects of functional diversity indexes of microbial community under biogas slurry application

ZFEMEFEEL Diversity indexes

'1‘rf§jim F LS Shannon #JF 484 H Shannon Y5 FEFE 5L E Simpson fLHBEHEEL D
Diversity index S Shannon species index H Shannon evenness index E Simpon dominance index D

CK 13.5+2.1ab 2.66+0.23ab 1.02+0.03b 0.92+0.01ab
NPK 14.5+3.5a 2.86+0.09ab 1.08+0.07ab 0.93+0.01a

BS15 6.5+2.1b 2.58+0.05b 1.42+0.29a 0.90+0.00b

BS30 16.5+0.7a 2.89+0.05ab 1.03+0.03b 0.94+0.00a

BS45 17.0+4.2a 2.95+0.13a 1.05+0.05b 0.94+0.01a

BS100 12.5+2.1ab 2.70+0.05ab 1.07+0.05ab 0.92+0.00ab

[ B AN ) /NG - 6 R b B ) 22 57 4 35 ( P<0.05)

2.3 AR H T ERCE YRS D6 2 85 T (PCA)

T E MR D RE AR R TR SR B AR R (E R BB S i A e TR AR B TR A B Y
TP AN Rl R R g 0 1 22 55, R 1 B A T M 5 0l A D e o AR D RE AR Rk . ARG 5% 120h AN [R] b 34
A YIRES YT ECO Az 31 Rl IR FH A8 143 43 (PCA) 31 AN Lsr IR i 8 AN E s ( BT 2558
HRE>85% ,FRIFAR> 1) B9 BT Z 5THk R IAF] 92.70% , M HEEUAT DL SR 4 B — B YR AR 1 A B0 A8 S A0 28 1
F A (PCL, 7 TTHRR 32.34% , FFIEAR 10.02) FI%F 2 F A4 (PC2, 7 22 5THk % 15.36% , FFHEAR 4.76) H oy
r U E RS DI RE 2 REPE . 55 3 A 8 A 1Y U 25 ST RN, 410N 12.76% . 10.85% ,7.93% |
5.88% 4.16% 3.43% .

AN FVE WO AT I YRS s IR A PCA HEF AR (& 3) . f & 3 w2, mir i 323k
R T BRI 47.70% , 4587 22 Wi e R, 2 A FEYE PC1 L AFAE A W25 0] 70 57, 6 Rl b B A £ 398730
A=Wy iETE AT B 53k 4 5 . BS30 \BS45 A HER Sl — i CK (NPK AL BRESh—f% | BS100 4bHi Ky —## \BS15 4b #
H—FE, TFE PC2 A W MZs 225, PCL 5 224012 W, o [ (BS30 . BS45) Al BS15 4b B ) + 13
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YRR SR BB 2R . RN, 78 PC1 I, #5-A4b B A B304 W0 75 o R A FH =8 0 e AT 45438 BS30>
BS45> NPK > CK >BS100>BS15, X5 Shannon 541 . F & EE 454  Simpson 15 5 HIHTF 5% 45 R —%k

0.6 r

04

o
)
T

Ed ¥y

-02 *

@ K

-04
m

BS100,
_0'6 1 1 1 1 1 1 1 1 1

-12 -1.0 -08 -0.6 -04 -02 0 02 04 0.6 0.8
H—E B
The primary pricipal component (PC1, 32.34%)

5%

The secondary pricipal component
(PC2, 15.36%)
=

3 FAEBREHET HEMEMBERERS ST

Fig.3 The principal component analysis for soil microbial community function under biogas slurry application

JE R 7 e 55 4% 3 B A3 1A A O R B80T 28 (I R A, 2 (B A, 2 BH 922 SR AR 740 et 2 32 2 0 1 5% T
P S R B STk R 265 R 31 IR (JRARAE B 7ERT 2 D B LR E, WERR LA
), %F PC1 STlR KA BR IR (27 =0.50 (< -0.50) A 16 Fl', & T F A4 | WS, Hoh kL &4 4
(B-THE-D- 2T, D-H B W, A0 WH- 1-WEIREh D, L-a-HM) |, JRIR 2 A (D-FH AT MR , A FE IR ) , B FE 1R 4
Tl (LK =R , L- R ARG , L- AN IR, L-7h &R ) , RAY) 3 Fh (ki 40, mhi 80, 1A M2k 2 Fh(2-3%
FORHR 4- R HORWR ) He2E 1 Fh (e ) s % PC2 STlk R AR IR ( 207 H =0.50 (< -0.50) 7 8 A, e T
FHG 2 BAES KA oKL G 2 Bl (D- K4, N-Z B IE-D- 8 2, ), FRIR 4 Fh ( D- MR , D-2- FLBE L
MR,y P25 TR, DR R) 256 1 Fh (I -L- 52 , REW 1 Fh (a-I WG ) . 456 3, kAL
HoAbAb 3, BS30 H1 BS45 1 254w 1 BK LS9 (4 Fh) JRIR (2 Fl) (EZIERR (4 Fh) RS (3 Fh) (B (2
Pl (1 B SR 16 R IR 5T RE

&5 ECO L 31 MBRAESE 1,23 TS LHHEE
Table 5 The loaded value of 31 carbon substrates on primary, secondary, tertiary pricipal component, respectively (PC1, PC2, PC3)

vy s v
T N component (PC1) component (PC2) component (PC3)
oKL A D D-£F- 4 — % 0.442 0.147 -0.164
Carbohydrates a-D-FL¥k 0.353 -0.083 0.669
B-H JE-D- A 0.553 0.121 -0.208
D- A -0.067 0.750 0.343
LR o -0.013 -0.155 0.457
D-H &7 0.553 0.121 -0.208
N-Z, Bt 3%-D -5 % -0.067 0.750 0.343
M- 1- B Eh 0.900 0.119 -0.271
D, L-a-HiM 0.611 0.458 -0.260
D--FLAH A BE -0.082 -0.413 0.068
R Carboxylic acids PRI R R T 0.160 0.473 0.527
D-7 % e PR 0.552 -0.501 0.142
D-2f ZUBH TR 0.140 -0.802 0.283
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PN PN PN
WA e Lk _ BoERS A
Carbon sources Substrates e primary principal The secondary principal The tertiary principal
component (PCI) component ( PC2) component ( PC3)
y-FREE TR -0.013 0.864 -0.044
KRR 0.442 -0.151 0.664
a- ] AR 0.517 0.054 -0.205
D3RR 0.003 -0.538 -0.006
FIEFRZE Amino acids LK =R 0.910 -0.136 0.056
LR A T e i 0.925 -0.171 -0.153
LR SN R 0.682 -0.190 -0.326
L-22F R 0.134 0.065 0.602
L- 2R 0.899 -0.007 -0.066
H &M -L- 5 &R 0.385 0.777 0.325
RE W Polymers iR 40 0.608 0.037 0.605
i3 80 0.799 -0.182 -0.353
a— WG 0.330 0.720 -0.043
iz 0.500 -0.269 -0.301
32 Phenols 2- RO H R 0.691 0.093 -0.444
4-FHR TR 0.558 -0.404 0.463
%2 Amines K I 0.372 -0.148 0.335
JE e 0.835 0.052 -0.422
XFPrEEEAY 8 A~ Lo 3 B A AL BE 6 AR IR 018 ¢
—0— CK
B9 F 534543 ( Pricipal component scores, F ), 45540 0.16 —a— NPK
Kl 4, FERAXSI/NA] LRAE A [A] Ab R - S5 i Ak W i g “T
i — N y S L 2 — e, 3 012}
T BRI (AL AT b SR I 55 |
AFIZRBIBIRE BT, A F FBEATHOR R S F o
B, AN R Ak B A S A W X AS [R) Bl ) AR BB 0 AN g‘o.os-
[, CK.fCHaR Kb A PIaE 1 it s NPK AR i K 4k 004
B R B WS TR BS30  BS45  BS100; 1t i el
0 , . )
oKLY RIR AKE TR R A YBE B BS15: AR §:§ g = £ £ X
WHBK 1 R IR RE 1500 ; 45 4b B8 L MU W e 2 0 K=
NPT N A N NP . BRI Carb
B I 2 R RE ST Be88 . X F (AT A\ IA) H e FRIRRIL Carbon sources
AL AR KA & RIR VRS R R A B ISR R 4 FREZEHEHBLEBERBERSES
KAt ISR E 3 A BS15 A1y j:i%ﬁjﬁz%%—tiﬁj Fig. 4  Pricipal component scores of carbon sources under

DLW e s i B2k [ BS30 F1 BS45 A3 Y 4 i
9y,

biogas slurryapplication

[F) B X i P B 8 A R A a3 A5 AL B 6 i 1) 3 3 25545841 ( Pricipal component composite
scores, ZF ) (E5) . ZF {ERAXI/INA] DL BRAS [A] Ab B A 353 5% ECO Hi 31 FRok TR 25 &1 RE 1 i
K. 5 B, 6 kb B fA: Y% ECO Al 31 M —Bki A 25 5 AQIBE J) HEF O : BS45>BS30> NPK >

CK >BS100>BS15,
2.4 HIEBUEMITEE OIREZFEE R I

PAAS AR PRETRT 2 A 32 A3 AU ISR AR D PP L S Gl A WA B RE T TR e, LA RR e B A oAy i
A AL HE R E W G RE T (922 57, SR P B B R K 25 Ak B - Sl B W ARG RE ) (9 SR AR DR BE AT 2R

http ; //www.ecologica.cn



18 31 Rt A5 TR TH X 5 2 A e A Qi 5 2 B AR IR 9

GiRI, MBRIEBIEE(E 6) ] EHLAE 14540 B 1 5 WA BE 1 i A 2818 0l ( LARKGREE 25 10 24y 5
A1) :BS30,BS45> CK,NPK >BS100>BS30, Bl #5 Ab 3 AE W VR A BE J1 400 4 489, —45 28 BS30,BS45,
JE i U W RIS AT RE 1&g, TS CK,NPK, J& #5053 Wi e v AT AE 11459, =45 BS100,
T AR A RE DK USRS BS1S, IR WA AR RE T Ak, X5 FERUT T A R — 2

3 g 045 . B
8 040 —
WEGEF, BUEREE BRI G RY 7 oss |
BB BN R s BN R [ Eonp
SR S AT 18 1 0 U AR L R 2 0| —
A A 25 R T R T AR T R R4 2 5 ié 2 020}
LA R RS G S RERRG o MR B S OIS
SRR LAERARE W T B LB 5T
W TR LR RE s L T
I SR A FIBUR O ) A7 HLADRLAE o 4 " N Bs1s 5330 BS4s BSIO0
AT HURR DR A 38 8 T S E W (9 L A7 R BE A RBAER Treatments
T A BT RE VR0 o A 5 A B R AT X - 4 5 FAEZRIASLERELNIRSEEEH

BB NRIEER AL A 5o X E K4S [34] % AL FFi4  Fig.5  Pricipal component composite scores of carbon sources
H ﬁ)ﬁ ﬂ; ;FIJ FH I % i j]l] T + Lié? 14#//( /j: % ﬁ% %u d: % % 5 XIJ underbiogas slurryapplication
FEL 22 2 1R A TR A I 5 S T i A T - 4

T Wi 1 S AR v, R T ML 1 2 A R R k5L Euclidean distance

FO4 . AWCD MIAEAR UK P F 4877 - S RE R o s w0 s o 03
TR LRV BCE IR s R )] '

VIR DIRE L REPE R T B4R bR L AR R e £ P

ARHEAEALT RGeS
BRI T i 3 M SRR Y gy 2

S TV LR A B 7 T A R |
CBIR A AR IR A N OHE 45% R 30% dbE |

S TR R AR B KL A 4 B He REMEE

(B-H BE-D-F A, D-H 25 B, A4 - 1- B R &L, D, Fig.6 Arborescence of cluster analysis

L-a-HH) 2R 2 Pl ( D-HI A R R, A FE R ) , 2L TR 4
Tl (LK =R , L- R AT IGIR , L- AN IR, L-7h &R ), RAY) 3 Fh (ki 40, nhi 80, A , My 2 Fh(2-32
SRR, 4- RIEFEH R ) WS 1 Rl (B G ) 45 16 Fhis IR RE Sy e de K, 160 — 2 L 978 -5 Ak A B i
AT LACRE SR WA I 00 R LR R I B S S R s AR RE 0 . R R T R LUV A A By 1
St A KR BE T T SR IE AN BE R B9 R, AR O/NGE R, HIEE AR R £ R T AR AR R AR A
WCRIAR R A, TSN T AR R 500, AR i T 3 P i e i 5 K RITE M 3 =1 . o5 — i, St fe e
SR — AL T A 446 R 22RO A W B A TP P IR R AR AT A TR IR A pH (3R 2) k]
TR S ARFEVERGE HE T, RIS KA T AR, XA AR 4 038 B A2 B, DA
SN T - AR A X T ) S R

AN ) Z2 R PR B W - U E D REIE DI RE 2 AR MR T, =& JE R4 S Shannon ¥5) R4
Simpson YL BEFEE ST M WA W RE VR D Fh =2 5 B 2 — 1k SR WL AR 2 B 45y 1T R i - SR W RE TR £
BEVEDT S ARHEIFSE & B BS45 Ab B Shannon #5410, F & BEHE U S Simpson 1t 34 48 Hig H A B4R 0 4R 2.

http ; //www.ecologica.cn



10 A E = 36 &

07%—37% ,2.94%—61.76% F1 1.08%—4.26% ., 1t BH 1224k FHAE 16 Jin - 358 134 A= Wy Fb Bk 40 b b S B i 1) S ik
AR TR E YA B PR T IR RUE R I 2R

XA AL AWCD (H#E T3 — 20 F iU AR IS A (18] 6) |, 25 R I &l g ab 3 - S A W i v 2
FEPE 4 4, BS30 ,BS45 RIS A= WiV A PEARARL, S —2H s A e | B it AL IE Ak 35k —2H ; BS100 AL 2y
—2H ;BS15 AbFE—2 , HAK Ky BS45,BS30> CK,NPK >BS100>BS15, X156 B VA WA M & 2 520 3
YIREVR Z2 e TGS - S U T 85 ) 722 Ak 0 52 e DU 5 2538 58 PCR-DGGE J5 ik it — 2040 M1 AR (5T
X} 34 22 it VH VR P A I 1) 1 S A RV T I S AR R A TR ST, T DG T VR AR RN - SRR A e s 0
N Z2REAE ()52 M) AR 2 A5 %8 - A8 Joi vy Sf 71 18T 5 e 55y T A etk — 2D AR

4 i

1) S AE | St fh NP A FRAH L, BP0 VA VR Ak BT - G A 0 A 0 A0 M B i A /D TV YRR A S i
b T R S E I REVR AT L VR4 N O HL IR 30%—45% I, A EGH AR W VR e 1A M
e, 10 ELBRIE R ISR LARROK AL 5P (4 Fl) JRER (2 Fi) R (4 Fh) RGN (3 Fl) (B2 (2 Fh) MR (1
i) 2tk 16 FPERIE 3

2)BS45 fbF Shannon H)FPHE 4L 4= & BE 4L Simpson HL 3 H8 BUR B AL F 4 5 % 2.07%—37% , 2.
94%—61.76%F 1.08%—4.26% , iZAb PRAEIG N - SR HULE Dy FPRE Y AR SRR I 2Rl 48 TR UE D
B, [FIBHE T IR E MR EE D RE AR

3) &5 A BT HT (PCA) FIRZAHTS . UE VI BETE Z Ry 4 A58 90 . — 554 BS30,BS45 Ab 3,
JE 5 I WIS AR S B ) 4 45 CK, NPK 2031, & o T 00 A W e VR AR I A ) S 4, =45
BS100 b3, + A MR I ACRE A% ; PUE R BS1S Ab3, + Sk MR I AR e ) fdk

ZE L X R LT VRO R RE S 2 BU AL IR St A S — o el AR IR B A . %o
o IR RURC LA 30%—45% 2 B AR B it Lo ], R T 38 e ) AR R A 5

22 3R ( References)
[ 1] R, B, Q% Bmlh, B8, PE= KYBUKREEM B LAY s Rt e 2 retk. EB% Ak, 2014, 33(11)
2950-2958.

[2] FBWdE, RIEWE, FANE, ek, Bigr, e, BEE, KL, WR, IFFI0. B AR R 22 m 328 L I e 1548
S B AR R B, A4, 2013, 27(6) : 831-838.

[3] Moest, BIAEM. TEREY AR IR B SRS DhfE. 324, 2008, 45(5) : 892-900.

[ 4] Shi W, Miller BE, Stark J] M, Norton J M. Microbial nitrogen transformations in responce to treated dairy waste in agricultural soils. Soil Science
Society of America Journal, 2004, 68(6) . 1867-1874.

[ 5] HSPHE, W55, &IEE ) JRIEN, I, 2545, 25T Biolog-ECO BEAM [RRBRAFE R 75 + G Wy S s ZREVE A3 BT, T R IX AT,
2011, 28(4) : 630-637.

[ 6] Preston M J, Boddy L, Randerson P F. Analysis of microbial community functional diversity using sole-carbon-source utilization profiles acritique.
FEMS Microbial Ecology, 2002, 42(1) : 1-14.

[ 7] Garland J L, Mills A L. Classification and characterization of heterotrophic microbial communities on basis of patterns of community-lever sole-
carbon-source utilization. Applied and Environental Microbiology, 1991, 57. 2351-2359.

[ 8] Garland J L. Analysis and interpretation of community-level physiological profiles in microbial ecology. FEMS Microbiology Ecology, 1997, 24(4) .
289-300.

[ 9] Hollibaugh J T. Relationship between thymidine metabolism, bacterioplankton community metabolic capabilities and sources of organic matter.
Microbial Ecology, 1994, 28(2) . 117-131.

[10] #WZEE, MK, MEE, RWE. LRSS EMR. L, 2004, 36(4) : 346-350.

(1] BRARR, B, 9 EE. 155 DR E MR 4 2RV R D RE 2 R J7 1. A= 25254, 2006, 26(10) : 3404-3412.

[12]  HAREAHE, e, MREB, THHI, X3HE, PUK. Biolog-ECO fEHTAHLAARZE 15 437t 1 A Wi Tk S RE S AR AR AE. 1 T S BRBE 2240,

http ; //www.ecologica.cn



18 31 Rt A5 TR TH X 5 2 A e A Qi 5 2 B AR IR 11

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27

[28

[29

[30

[31
[32

[33]
[34]

[35]

[36]

2013, 19(5) : 759-765.
TG, FOENE, PRI, XBWIE, SRAUK, WsekE. KRR RAC R I+ ik 2 YR D sE 2 ARtk B R . 2R SRR, 2009, 29(2)
740-748.
P30, EAH, 2500, SBUR, T3, WK, K& . AN T RGBT R4 4 S ™ B2 . ol TR 24, 2010,
26(10) ; 69-76.
Zirkler D, Peters A, Kaupenjohann M. Elemental composition of biogas residues; Variability and alteration during anaerobic digestion. Biomass and
Bioenergy, 2014, 67; 89-98.
Pinto R, Tlileji K. On the performance of biobased carriers from distillers grains with solubles (DDGS) // ASABE Meeting Presentation, 2009 ;
Paper number095675.
Galvez A, Sinicco T, Cayuela M L, Mingorance M D, Fornasier F, Mondini C. Short term effects of bioenergy by-products on soil C and N
dynamics, nutrient availability and biochemical properties. Agriculture, Ecosystems & Environment, 2012, 160; 3-14.
Abubaker J, Risberg K, Pell M. Biogas residues as fertilisers-Effects on wheat growth and soil microbial activities. Applied Energy, 2012, 99; 126-
134.
Terhoeven-Urselmans T, Scheller E, Raubuch M, Ludwig B, Joergensen R G. CO, evolution and N mineralization after biogas slurry application in
the field and its yield effects on spring barley. Applied Soil Ecology, 2009, 42(3) . 297-302.

e, BRERAL, W, . NIRRT B R e - SR T PR B A B AR SY. PR AR, 2011, 20(11) ¢
82-88.
I, B, ERT, Refk, SRM. Bl S AEEC XS A /NAZ AR BR 1 5 G0 Wy B RS P ps2 . i AR 8444, 2011, 22(4) ;@
1007-1012.
ZRR3E, EE, IR, MRS, RO, Eks, RS BUOIRAIIYE AR YL 5 O RIS IR ACI Biolog 43 AT, KPR AAE, 2014, 38
(12) : 1985-1994.
PN, Sk, RWIR, Sk3cas, 2K, SlMnl. < 0 it A0 Xk 21 et 2k 4y Ay i o a0 kA s R P O B i) 7 P 2 5 2 4
2010, 21(11) ; 2792-2798.
Harch B D, Correll R L, Meech W, Kirkby C A, Pankurst C E. Using the Gini coefficient with Biolog Substrate utilization data to provide an
alternative quantitative measure for comparing bacterial soil communities. Journal of Microbiological Methods, 1997, 30(1) ; 91-101.
Zak J C, Willig M R, Moorhead D L, Wildman H G. Functional diversity of microbial communities; A quantitative approach. Soil Biology and
Biochemistry, 1994, 26(9) ; 1101-1108.
Haack S K, Garchow H, Klug M J, Forney LJ. Analysis of factors affecting the accuracy, reproducibility, and interpretation of microbial community
carbon source utilization patterns. Applied and Environmental Microbiology, 1995, 61(4) : 1458-1468.
2R, REER, M. ARIFHITRT HHE OGS MR DhRE 2 RetE A8k, i ER R, 2007, 40(8) : 1712-1721.
BRAE, X4, R, INERR, RSCHE. LAY DO R IITT. Y E SR SR, 2004, 10(3) : 277-280.
VB, BRI, BRBRAK, drbl BHERRE SRR, I SRR AR AR, I, 1997, (5): 225-234.
R, KRGS, B, I, B FRTRFEDIGE XA RS SBEY RIS ZREMERHME. £553, 2015, 35(7) : 2277-2284.
JETWEE, TR, HHERCE WA R R AR AR . A 2R 2007, 15(2) ¢ 162-171.
AR, B B, 228 HER. R TEA DU RS SRR SRR YT ZRE R R . R IR SR, 2014, 20(4) .
913-922.

TRIENE, HIEAE, SKINAR, A, RIEL HIERUE YRR RIIC PR AR BRI, R HEE R, 2006, 37(3) . 422-425.
XUGERE, GFTN, BRom, BRMGut, BRZUHk, A4, FEFR M0 oot rhAR b e ) ek B e ik A SR N T S B SA AR, 2011,

17(2) : 158-161.

XIENT, 220F, AffEeE, b, siaks, oKk, B, HR. 34 TR SN XAR AR - St Wy i S TG PE R 52 0. AE A R S IR
2010, 16(6) ; 1472-1478.
ZEIE, RN, AORE, MM, B, MmOk, TKICF, A8, Tk, STHIER. SRS 00 P it X A 0 - e Ak i RS SRURE T e
WAL EER2EAE L 2011, 20(6) : 126- 134,

http ; //www.ecologica.cn



