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Abstract: Microbial community functional diversity is a sensitive indicator of soil management, such as fertilization,
especially long-term fertilization. In this paper, the functional diversity of soil microbial community was detected by
BIOLOG system. The Average Well Color Development ( AWCD) in BIOLOG plates indicated the ability of carbon
utilization of microbial community. The indices of Shannon, Simpson and McIntosh were calculated to show the richness,
dominance and evenness of the functional diversity, while the principal component analysis of substrate reactions reflected
the main carbon sources utilized by microbial community.

The results showed that all the treatments exhibited the elevation of AWCD during the first 72 hours of incubation, but
the differences among the treatments were obvious. Both applications of organic manure mixed with chemical fertilizer and
chemical fertilizer caused high increase of the AWCD while applying straw-incorporation and local traditional fertilization
had less affection on the AWCD, which was even lower than the treatment without fertilizer. It was implicated that long-term

fertilization resulted in the variation of the carbon utilization efficiency of soil microbial communities. The microbial
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community diversity indices were calculated based on the AWCD data at 72h and the differences among the treatments were
significant. The treatments of organic manure mixed with chemical fertilizer and chemical fertilizer remarkably improved the
richness, dominance and evenness of soil microbial community in comparison with the other treatments. Both treatments of
straw-incorporation and local traditional fertilization induced increase of the richness and the dominance except the evenness
which decreased compared to the treatment without fertilization. The nine principal components were extracted from the
principal component analysis and their cumulative contribution of variance accounted to 85. 73 percent. The variance
contribution rate of PC1 and PC2 were 34. 21% and 13. 73% , respectively. The correlation coefficients between main
substrates and PC1 or PC2 indicated that the main carbon sources for soil microbes were carbohydrates and amino acids in
all treatments and there were significant differences of carbon substrate utilization patterns in different treatments.
Therefore,, long-term fertilization had significant affections on the functional diversity of soil microbial community, which, in

turn, could induce variations of carbon and nitrogen composition of soil organic matter.
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€ NP K 57 4R 00 F/E 9 B 75 R B4 8 Wt A G WL N PLK ARk, B iR FI & 9 N 510 kg-hm >a™', P 54
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ZIRE KU 1986 4 LUK E EIRHEAE T % , R EF R 2 BHEAE . = 2005 - RAEME, BOR ML LA IIAS AL
BRI 18.4 ¢/kg, &Ny 1.49 g/kg, FrA AL BRI SLAT RAS-BR RS- AR PRI BE , /D IX R E R HIRAE T K
BRI S AMEL —IR BN 66. Tm”  FEHLHES I R IR EE

F1 RBRR/SESEFENE CREBRATEER

Table 1 Soil basic properties for the long-term experiment site in Taojiang

£y J N
PR EREKE e R ﬁﬂﬁﬁ% & FRL A& pH
Mean annual Mean annual Soil t Parent material Organic C Total N Clay content (H,0)
temperature (°C) rainfall ( mm) ot pe arent matert (g'kg) (g’kg) (g/’kg) :
HUEH WITE
16.7 1681 Yellow clayey paddy Slaty shale 19.4 1.91 251.3 6.10

AFRLE RIS L IE 4t Provided from the Soil Fertilizer Station of Hunan Province

1.2 3R SR AT vk

T 2005 SEBAGUHSE RERALIIFIZE (0 ~20em) 14E, REERE/NX R 12 S AR, BEEFR
BE 3 WOHAR 3 NMTRE SR . BERBR R SRR e R G , R A\ MRS B T ks b B B8 ,4C
VKAEARAF , BIOLOG AT 7EBURE )G 48 h AT

R FIK BIOLOG GN M3t 96 Flo. MBEKARAIES | ALV A BET C R I, AL &A1
i C VAN E LR SRR DU RS o P W) PR U A T O % (o Ao S o 3 A 78 1, K7 D k26 (TV) A
ot R AR ) o 3 I IR AR L I RO B LA T Sfe S B okt A BT AR B e P SRR M

BRI SR BT 5 R0 - 4E 10 g, 195 ml ToEHY 0. 145 mol - L' NaCl %W ZETE IR EAR T 15
min, SR FATR/K AR B S 107°, B V5 W (125l) 3280 B0 AR 40 45 A FL P, 65 332 R 47 (O S AR i 2
25°CF#53%, 45K 12 h 7EBK 7 590 nm 9 BIOLOG 3208 b iesk’"™ , Seshihss 8d,
1.3 HdRabss

AR SE TR 3R 40t o 7 v, 3 SR (1) T W A L o 9 98 T 06 T 39 78 4k R (average well color
development ,AWCD) ; 38 . (2) 1% Shannon $§%% H(FAFI-MEMAHEE ) ; #E R (3) 114 Simpson $5%¢
(R TF VAL B e 5 AP OB ) s FIFIE 3R (4) 7158 McIntosh 1530 U FRHAGRES MRS ) 182

AWCD = Y (C-R)/n (1)
H = - Pi(InPi) (2)
D = ;[ni(ni—l)/N(N—l)] (3)

U= (T ) (4)

Ko, C A A IR BOL(, R A BRFLEGEORAE , n o Be IR B L, ON 45 n {0 95, Pi % i

FLBOARXH IO 5 7 R B TLARA A R FAO B, D Pi = (€ =R) /X.(C=R) o D Y 1/Simpson H,
i 55 § FUEARRH IS (C — R) N KT B ALMX OB MR AT S (C - R) o

1.4 HiEZIT
RIS R T 200 & £ A Br R A SPSS 13,0 ZE3HE L E#1T .
2 ER545H

2.1 WALFEHBEE LR

FEIB AL L3R (average well color development, AWCD) AL A= W REVE I TE A FH 3R, 2 - S A i v
I P B —BRUR RE ) (9 — BRSO T S W T R RS A BRI RE AR 342 8d IR
12 h UF53E AWCD JLIE 1, N ] LA i , AWCD BERS IR (8] B REA T 32 1 , A [R] b BEAR R Bt 7E 7T 4R A9 24h
AR, TILESE 24 ~ 72 /N AR TH 5 , B G FreE R 18 T R BRI LA R . (B, AR ALAL 2 AWCD
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TE5E 48h BREE R T . 10| % NPK+60%OM

X NPK +Straw

B L AT, S0 BEAR B, B AE AL BEXF AWCD B HER
R, SHAMALTEAR H, 7R 8E IR 45 B, A HLIE S50 AE
FCHE LA Btk B AL B8 () AWCD 8 3 T H A AL 38 ; TS
ik H 5 24 > B AL ) AWCD £ L X BR A
2.2 ZHEHESEBUIT

o T B —2 1 R HEAE X AR ) B R e, AR S
BT Shannon 35 %% . Simpson $§ % . McIntosh 3§ %%, & 1]
I3 SRS M R R R R D R
BRI E, R2 5 TIHREWITES R (72
h) . -, Shannon $54( I Simpson $E L5 REKH] , A
HUIE 540 AE Fe it DA B B e AU AE ) V% F & B R 3
BE T A AL 38, it AE AL 3 B A . 7 Melntosh $8 %%

SEIR R BAA LA 5 1k AT e it b 35 i 4 o 35 5 B B
5, H A TS B AL 3 , TRS FHIE H A0 > G AT AL 3 e 1K, R 5 B SV £ 5 AR R E
ZEAESA RN,

I i) Time (d)

B 1 AWCD IR e (38 1k h £
Fig. 1 AWCD changes with incubation progress

R2 TEMHEELERMEMEEN AWCD RS HEERE

Table 2 AWCD, richness, dominance and evenness indices of soil microbial communities for different treatments

AbPR S SGAE Shannon $§%% Simpson 15 %{ Mclntosh 353
Treatments AWCD(72h) Shannon Simpson Mclntosh

CK 0.465 + 0.006 cd 3.902 + 0.096 d 0.935 + 0.103 ¢ 5.371 £ 0.392 be
NPK 0.496 + 0.028 be 4.110 = 0.135 be 1.843 + 0.099 ab 5.774 + 0.075 ab

NPK +30% OM
NPK +60% OM
NPK + Straw
CF

0.543 + 0.051 ab
0.590 + 0.029 a
0.429 + 0.024 d
0.448 + 0.015 cd

4.242 + 0.066 b
4.589 + 0.042 a
3.999 + 0.090 cd
4.009 + 0.060 cd

1.852 + 1.022 ab
2.513 = 0.341 a
1.123 + 0.305 be
0.989 + 0.237 ¢

6.168 + 0.222 ab
6.439 + 0.356 a
4.784 + 0.809 ¢
4.776 £ 0.494 ¢

Ferh AWCD F3535 2 72h (45358 The data in this table is the value of AWCD after incubation of 72h; [5]— 31| Hh B A6 F B RN G5 R 2ZE A
B3 (p<0.05) The same letters in same column means no significant difference at p <0.05

2.3 ERA

FIFEEFR 72h J5 0 € ) AWCD (4 , &t pn AL AL 38 5 , A A AH & SCRRIB B 19 7 i 64T T R 80 4
B2 o MRAR AR 3R — MR B 25 TR RIA E 85% O JEIN Y IIRET 9 AN EMSY, Bit
TURRHIE 85.72% o H 58 1 F 43 (PCL) B 25Tk 3y 34.21% , 55 2 E4r(PC2) R 13.73% , 553 ~9
F AT TR I, 435 8.69% 6.95% \5.81% 4.90% 4. 40% 4. 04% .2.98% , FH A 3 HXFHET 2 4
FRGFHATAHT(E 2) o ZREBW, ARFEELIEZE PC 4 LB T B W45, 78 PC1 i - & 4038 5316 43
B R H IR 2 A 7 0 ), AL IE L& &R VU 5L IEECHE . &R PUIE SR RCHE =24
A7E PC1 i Jy [ ; PC2 fh EAEFFIE H I B 4 AR 7E 5 05 19, = E A WU S ALAERC e s & A HLIE 5168
B 43 A 26 1 7 1), Ho AL B AL 3AE PC2 IEFUh E3A 401 . Bk B AR AL AL 3 73 R BR , R
YRR AT E T

Xof A (7] 1 e A Ak 3 ) Bk TR 2 A5 70 REGHE — 2B - AT I 20047, G5 R R W] PCL.PC2 B RBER B,
AR Z R R ZEF (K 3) o BIASEHEAE AL XA 2 B IE A 2R B3, B i YR
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TERRIEACIE B SRR 08 * CK

X PC1 1 PC2 B %5 1 Al M 1 20 ANBRUR 1 43 06 Ix : I1:11§§+30%0M
Bi&E R0, %4 PC1 1 PC2 240 S P A9 1 B R % NK 1St
FRRMANEEYIR (£ 4) . FIERABIELAE PCL OB M oo
WK, 5 PC2 MR PR LB R B 02, "
RAK HRRIRR X 545 Ab B 1Y E BERR VR o S S E T

ASCHEA FAILE RTINS MBERLTT o X ol
BT S) . RRATN LRMEMERF N EE & JK "
ERRNEA SRR A K b B LAt fEL 4 B i) ®
FAFERS . 3 B 7 IR M AR A B A + S 06 "
FARERIEREZEER T —ERSTR. 08 L

F s 1 PC1 (34.21%)

3 itig

AL RS 3B A BB IR FI B 17 w2 Il 0 - M e R PR B BT
AT AR, AWCD = 1% vT F Sk R AR S AR P 3t
TRIEHIF AR E AR . A HUIE S5 1 A B i LA 2 i 1 B 4k
il AWCD B35 T X i, R U X e ab B A F) T 455

#3 FAKERLEBETERSEDRBST
Table 3 The PC scores for different treatments

Fig. 2 Principal components for carbon utilization of soil microbial

communities in different treatments

F 4 PC Kb P Treatments H1{E Means p<0.05 p<0.01

PC1 NPK 1.245 = 0.568 a A
NPK +30% OM 0.477 = 0.049 b B
NPK +60% OM 0.186 =+ 0.122 be B
NPK +CK -0.044 + 0.098 cd BC
NPK + Straw -0.466 + 0.117 de
CF -0.536 + 0.016 e

PC2 NPK +60% OM 0.408 =+ 0.157 a
NPK +30% OM 0.284 + 0.118 ab AB
CK -0.012 + 0.164 be AB
NPK +NPK -0.209 + 0.408 cd BC
NPK + Straw -0.247 + 0.059 cd C
CF -0.404 + 0.039 d C

[Fl—3) B MR ERERZFAEE  The same letters in same column means no significant difference at p <0.05 and p <0.01

A W B VR RE T s RS FRIR L S BB AR AL L ) AWCD B4 F ARt AR A X FR AL B , e B 5 2 i 7
o, IR YIS TR 95 FhER TR BRI RE T A XA . X FT BB RS A B AR 3R 5 oL NP AT B = B
C/ N FE, WIS R, it o S350, F5FTE 5 S MR AT BE s T T M i A3
FhEE, 5 REXT IR AR T . — S5, M BRAE S5 A MUIE A R T 455 T A Y i SR I
TEHE o RBRZARSED MRE AR , BRI ECHE , Sk Py aa ik U O SR, T ZE AR iR 36+, TL BB e A
SEFRARE T RIS BRIR R R . X AT RER R BN APIR N 1R R B3 T MBI b A A, #h
I BEREME K, A RBEF R ERE L, B NER SR LA A,

Shannon #§%§( .Simpson $5%§ . McIntosh $§ 8/ Afr 45 SRR, A [F b FEXT H 3B A W IR AR A
BEZR, ARG T A F R LS LB, RS R 2 B AR, Hep
AYESIER G AEE A TR E M DRE DA SR R RS E L RS 2 5 X T e H
FAEYUER C/N BFFHFEHEYRER . BYENSAEYIRMETEZSHEBE SR, 28 28 MAEmK

http ://www. ecologica. cn



2 DR F RYAFMEALX RS H A MR R RS R R R e 745

BEET, IBE W ORI o BRI RS AT H | 3T B AE AL T R AR R A A A e R R AR B
JBE , (BN Ay o 249 53 BE 48 AR T %ok B, T B TR AT i FE -5 > B AE A2 2 1 2 e o A W e (-
F P ERAA BT ) A A AT, T T oAt A B AR MR ) A A, B S S B R R

%4 5PC1 fiPC2 BEHXMNEEREFE
Table 4 Correlation coefficients between main substrates and PC1 or PC2

PC1 iR PC2 P S|
#5 (No. ) Substrates r 5 (No. ) Substrates T

D-H- gl (HiE) PR (B 28)

2 D-Mannitol 0.946 87 Uridine 0.752
D-T %I REREIR (RIRZE) LBz el (B )

“ D-Glucosaminic acid 0.944 10 L-Arabinose 0.728
p-BHER LR ORBRA) O-BERRMHIRE (HE)

49 p-Hydroxy phenylacetic acid 0.931 % Glucose-6-phosphate 0.712

57 %}E@( ;ﬁ@%) 0.929 22 AIFRECBER) 0.696
Quinic acid Maltose

. 142 R AR 0,001 I ) o 68
L-Serine Lactulose
o-D-T %GR (BE) B-FH H-D- A AT HE I (BEA)

18 a-D-Glucose 0.920 2 L-Methyl-D-glucoside 0.662

o LA IR AR 0013 “ WL CBetE2) 0.6
L-Pyroglutamic acid Inosine
LSt BB (RHERAK) L-BERRTH %I B ()

75 L-Leucine 0.911 9 Glucose-1-phosphate 0.620
LR (RHERAK) D-¥BEHE (HE)

78 L-Proline 0.906 32 D-Trehalose 0.619

90 T e (He3k) 0.903 0 FRR ORI 0.607
Putrescine ’ Formic acid ’
D-NERR (BHMAE) FEZRORME)

65 D-Alanine 0.902 59 Sebacic acid 0.607
L-NAR (RHERAE) D-RpE(BEE)

66 L-Alanine 0.901 14 D-Fructose 0.601
L-RI& AR (BHEME) LB (BE)

6 L-Aspartic acid 0.898 2 L-Raffinose 0.588
L-RI B AR (BHEMA) D-Hi T4 (BER)

68 1.-Asparagine 0.895 28 D-Raffinose 0.543
LN AR (FE3E) D-H B EE (%)

35 Pyruvic acid methyl ester 0.889 A D-Mannitol 0.532
AR D =B (B2

85 Uridine-5P-monophosphate 0.886 25 D-Melibiose 0.513
y-BEET R (AHERAE) N-Z Bt k-D- FU B

84 ~vy-Amino butyric acid 0.882 7 N-Acetyl-D-galactosamine 0.491
ARBERE (BE) N-ZBt-D- % bRk

34 Xylitol 0.877 8 N-Acetyl-D-glucosamine 0.490
DT %IFERR (RBRA) W ZRORME)

43 D-Gluconic acid 0.875 53 Malonic acid 0.485

93 =R (BER) 0.837 3 m*ﬁ(%%%) 0.482
Glycerol Dextrin

TESS B HTe , ASTFF I B 2 15 3% 72h IS ISR . RFEBFSEA R TEA R IR FE 4R v i SR 0 it
I AN G — , VR BEZRSE R 48h BOELHEAT LA™, k3% K &5k 72h" | Grove 4535% ] 19" | Tij¥p4E
a5 \ JUSRECY AWCD {E3HE5 0. 6 B SR i) B 7 5% o fEARBFG b, 30 25k 24h 8 W 315& 7
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BIOLOG AR SR B BREE , SRIG XU K 2 72h, Z R A RIS ARREH (B 1) , W8 Rk, A 5T
FIF 72h $53R )5 K9 AWCD {HREAT T8 o

x5 EREFAMNEEHRER
Table 5 Main carbon substrates utilized by microbial communities for different treatments

Kb B Treatments F a1 PCl FER5r2 PC2

CK D-78i 26 B4 e R ( FRIE S ) D-Glucosaminic acid L-Bafhiff % (4%52%) L-Arabinose
KM (HeJs) Phenylethylamine 2,3-T W (E#25) 2,3-Butanediol
D-H @4 ($28) D-Mannitol L-2 F R (B HFRSE) L-Serine
D-P i fE 4k ($528) D-Arabinose L-5 %R (AHMRY) L-Omithine
PR (R 2EFRS) D,L-Camitine MG AEREE (BEA) Adonitol

NPK D-2 365 (BE2) D-Galactose L-BfhifF 4% (§525) L-Arabinose

NPK +30% OM

NPK +60% OM

NPK + Straw

CF

L-EA AR (A HMRA) L-Pyroglutamic acid
ABERE(HEZ) Xylitol

T (%) Putrescine

D-H @k ($28) D-Mannose

FAZHBE(BESE) Turanose

6-E PR % b (BE2%) Glucose-6-phosphate
L3R (FE3E) Adonitol

D2 B R (JRRZIS) D-Galacturonic acid
D-Yg3EkE (Hlie) D-Trehalose

p-FRIIRZ IR (FRIRIE) p-Hydroxy phenylacetic acid
ABERE(HEZ) Xylitol

v-RILTER(RIRA) y-Hydroxy butyric acid
m-JJLEE (§E25) m-Inositol

L-RABEMRR (R HEMR) L-Asparagine
D-ILA¢EE(HE2) D-Sorbitol

D-H @4 ($28) D-Mannose
D-L-o-B$ER H M (825) D-L-a-Glycerol phosphate
KM (BJE) Phenylethylamine

v-BHET BR(RHERRY) y-Amino butyric acid
BT 2R (JRERZE) Bromosuccinic acid
L3t 8 R (AHRY) L-Leucine

L-H A (RAHMI) L-Histidine

D-#iZG B FR (JRRZIE) D-Glucuronic acid
D, -l (B HI) D, L-Camitine

N-Z.Bk-D- 2588 e (BE38) N-Acetyl-D-glucosamine
R (#H#J) Uridine

N-Z Bk 3E-D-LF Bz (BE2E) N-Acetyl-D-galactosamine )
1-BEPRA %BE (BE2) Glucose-1-phosphate

m-JJLEE (§E25) m-Inositol

B-H1E-D-H %I H (BE2) B-Methyl-D-glucoside
FAE-L- iR (= FERZE) Hydroxy-L-proline

L-J 85 (BE28) L-Fructose

B-H1E-D-H %I H (BE2) B-Methyl-D-glucoside
L-J 85 (BE28) L-Fructose

BT 3% LB (B2&) D-Psicose

D-PHfE Bk ($528) D- Arabinose

L3RR (AHRRY) L-Leucine

v-BHET BR(RHERRY) y-Amino butyric acid
L-NEBEH R (ZFHEMRA) L-Alanyl-glycine
B (B2%) i-Erythritol

N-Z. Bk 3E-D-FL iz (BE2E) N-Acetyl-D-galactosamine
HAEBE-L- R E R (FAHFEZE) Glycyl-L-aspartic acid
L-RABEERR (R FEFRYE) L-Asparagine
FAZHE(HEE) Turanose

HEBE(BESE) Sucrose

ZJRRR (FRIZE) Quinic acid

m-JJLEE (§E25) m-Inositol

M (RGY)) Starch

TE X 3T IHRECT 9 AN BASCRIEG 2 A EMA#HAT T ot BARXAEM SRR

GrRTRRIEF RS , (FRAT 2 M ERAC LR T EBHER . T RRIA ML) 3554
PIR IR A A RE I E R E 25 (B 2) o FEBRISARERY) BUR IR B S L R BAE ) 1 2 A F RO BRIR (R
4) B[] Byt RE AL Bk A 0 B R PR O R B BRI SR ) IR 4 AARTR] (3R 5) , TR IX 2045 AR B B AR 3
oMKk AP RE, I SRS B R T SRR S B Y R, KX A L
FE S A AR AT LA FR B BR U TR , e D e L BRS BRSO BRI R IR R T
TR MR R AV SR PR R BR AN [R B R AE 1 BEXS T A 7= A R AN R o T R 25 i
FEAEFE XS + e AR M RETE A R e A B MBS B C/N Eu AR AT RESY WM A W 6 1, TR
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