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i EAREDZREMET KA Biolog OEAREA , B9 T KSR o BT BTV IRIE AR IRILE 384
YIBEVEIRE SR X RS B AL, BREY, VR B IEM AR LRB A kE (AWCD)., MEYHE
Shannon $§$((H) .= & 8% (S) 7 Shannon 5] B8 8 (E) ¥ 5 8 s U W EVE 8 /0 P12 HA , A TR A A 38 + 3R A W
FERREA R EA —E 257, PClL A E RIL S KA B X 4, A Y E TR AEALER43Ai 7E PC1 BIEJ5 [, HoAAb A4 7E PC1
BB 7 ] 5 R4 VR B BRI A BES R IR RS s - RS RS M DA A R IR AL BB R, 205K 72.74 mg
glucose-g™+ (24 h)™ 1 1.15 mg NH;-N-g*- (3 h)™, B5ERY, EYERICWER LLEFR S BROANTHE R RS ERS -
A IR T T UR A PR R S IR 1 SR B T BE AR I, R - SRR R A IR S 4
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Effects of Bio—compound Fertilizer on Corn Soil Microbial Community and Enzyme Activities

SHAO Li', GU Jie*, ZHANG She—qi', GAO Hua® QIN Qing—jun’

(1.College of Sciences, Northwest A & F University, Yangling 712100, China; 2.College of Resources and Environment, Northwest A & F
University, Yangling 712100, China)

Abstract: Fertilization could influence soil physiochemical and biological properties. By the biolog micro—plate technique, this study investi—
gated the effects of bio—compound fertilizer, organic—inorganic fertilizer, inorganic fertilizer at the same nutrient amount of N, P and K on
functional diversities of soil microbe communities and soil enzyme activities under corn potted experiment in greenhouse. The substrates of
Biolog ECO plate were composed of six types of substances( carbohydrates, carboxylic acids, amino acids, polymers, amines and aromatic
chemicals ). Principal component analysis was used to show the difference utilization of substrates by soil microbes. The results showed that
the Average Well-Color Developments(A WCD ), Shannon index(H ), Richness index(S) and Shannon evenness index(E) of microbe com—
munities appeared the highest in bio—compound fertilizer treatment. The principal component analysis(PCA ) showed that the carbon source
use patterns of the soil microbe communities differed to a certain extent under different fertilization treatments, and the bio—compound fertiliz—
er treatment showed positive values on PC1, and the other treatments showed negative values on PC1, and the major carbon sources to deter—
mine their differences were carbohydrates, carboxylic acids and amino acids. The soil invertase and urease activities also appeared the high—
est in bio—compound fertilizer treatment, reaching 72.74 mg glucose+*g™+(24 h)" and 1.15 mg NH;-N-g™+ (3 h), respectively. At the same
nutrient rates, application of the bio—compound fertilizer could significantly improve the functional diversities of soil microbe communities
and increase the soil enzyme activities.

Keywords: bio—compound fertilizer; functional diversity; soil microbial community; soil enzyme activity
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B RN I BB 1R 75 LRI AR PRI, 1) B (R Y
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PR SR WA AR O SR R A AR W R B ok i
F ARG E B O R,

EUHT, A 5% U YR SRR AT T T2 2200
XN FE R | RS A R R AR
TR RS (BB Z A FRERF SN TR e YR
VDN BEANGE G Z R R 19 R ST A &
KRR, B 58 T KMt A SRR AE A LR
TRAEAITCHLAL G , T3 I Th BE S AR L AR
PRSI, T AR FHEREXT LA Y ThRE 2+
P R ARG A, BTN S B AR
RIEHGE TR YA D RESR BB R YR o

1 #BREFZ

L1 it

Bk TR B VAU RMPHE R T H , 32R
R+ ST T < pH {H 8.32, A MR
1320 g-kg'; & N .2 P 2 K S &4 54 0.79.0.61
11.14 g-kg™; BRf# N. AL P, HAM K FE5HH
61.03.16.67 ,154.40 mg-kg™

BHXAERM IS T AR R BEIR — S5 IR |
AUTALZIRIE A EIRIE BVUE RS /NE
FEFFSEE T 2435 09 O/N pH [ERUK 535 4w iR
R EAGIETR, HFEERIEEHNN186g-
kg™ P05 9.0 g-kg™ K0 12.2 g-kg™' . Y RIRIERETE
AHUEREAR B A28 TCHUE, THUERL L R N
4% P05 2% K0 3%, ARG RIAEZFHTEESE
5 ([# & B Azotobacter chroococcum . f# M B Bacillus
megaterium fFH T Bacillus mucilaginous ¥J i PG L4
MBI R E SRR =B Y e E 144t , D€
FWEMRBI D) 5IEA K 12 RERH, BEaBA
EREVTAZIRIE S AV TAZIRIE RIS E
K& ryiEA , Hrh ia MU  CHLIE SO ¥ 54
Y IRESE 2 R, HERHE O B 1, BT 72 BUS 7R
2 LA H B A IR IEAE LA IR IR

B B N55.5 g-kg ' \P,05 18.7 g-kg™ K0 36.9
g-kg AHLT AR 360.8 g kg™, THRESF AT B
A 0.21x10% cfu-g,

PERAEY “FRE 518”7 F K, R PG IL R MBI K2
AR R,
1.2 K&t

BER AR, T 2011 48 6 A7EFEILR
ARBHE R S BT IR PR 5 7 Be B ) 28 PP EAT o 1 0
H(CK) . EHUAE (T B HLEHLEIRIE(T2) YK
RAC (T3),4 TMAb3 L4 REE . BEZENT 1 125
kg, LW R IRNEHE 0.20 g(N) -kg ' (L)pA , BIAEY &R
TRAERIESINE N 45.05 g, HEEYI R K 7.57%10* cfu-
g' +, HACERAYRRIEHPEABRHENESE
T RAALRHS HEIRS), A K 2 H 38 K& H
[F] B KRR B 60% , F RS fE B ERER, B 578
JEEATEE, AR 3R, FTERE 1.15.30,
45.60 d B 5351 R A AR 0 G - S 4 5 X
30 d B A9 -4, F ] BIOLOG (AL HEA T I A= M1 20
BEZ MM T I B E ORI T, N (B AR 48 S5 PR
THOLERGK, JFEHE BEHRZNAE , A FELFEZ
A PR —2
1.3 MEBEMT*E

SR MR IR R I 2 B A BIOLOG A: 75
WA 2", BIOLOG Z3#r7ERA+)5 48 h WH#EAT,
FREUMEYS T 5 g BT R AH & TR IA A 45 mL
Tor A FRER K B9 = AR AR RR , TERE K B4R %% 30 min
J& , ##1ETUIE 3~5 min, 85 #E1T 100 57 RE, LA
150 L 9% BB FP 2] ECO A= SRR | B Fh i
RICE RN A TR B R & & ,28 CT i
ZiiEs% 10d, 4F% 12 h A} BIOLOG H 3h ek B 7E
590 nm FEE8. AER A EARAERKHHH(30 d)BI-
OLOG frFHE SR 96 h BBHEHATSE T 0T o

SEEIBR AL AWCD= X (Ci-R )31, J& 3%
A= Wy A B — Bk IR RE ) RO B 245 1R o

Z PSSR A Shannon 35 $("#H=- ¥ PixInPi;
BEIE £ 5 RS Ak IEABLEE (AwWeD>
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H NHy-N =25 80RR , ALK mg NH;-N-g- (3
h) RIS HHE ] Microsoft Excel 2003 Al SPSS 16.0 3

Fr8eit ot
2 ERE5H51

2.1 TEREYEETEHRETURAWCD)REH
LS5 ¢

AWCD( Average well color development ) JZ Bt T +
BAE Y RS, 2 A YR A BIOLOG
ECO Pt i B — Bk IR BE ) B 246 5. & 1 [k
T 7[Rl it AE Ak 38 4 8 5 A= ) AW CD (B 2B AR
MEEFPRESE 24 h, % TITRESH AWCD T 21,
WAYILTEA BRI, 355F 24 h 5 AWCD ik
THE , R YA KT IR E AR BUE K, BkIETT
WMPRIBER A, MRS FERBT S E R LR
Wo ANFALIET i - 3EHE G AWCD BERT IR 2 (L 2
WA “S” T L, A& Tl W ) T o i) — A 2B e it
LA, BALI AWCD DAY S IRIEA A =, AL
THLRIREAMTHUCE IR Z , CK A F AR AR . KA
YR IRIE MR R T 1 55 Y 0 B — B IR A )
FIRET) $Rm T IR A TE

or
N CK Tl & T2 & T3

—
W
T
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ERLEI
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Figure 1 Changes of soil A WCD with incubation time under

different fertilization treatments

T YRR T RE 2R R IR MR
RESTRERIFERR, B3 i Y A AR
R 2HH T A YTEE SR 96 h /Y Shannon 154§
(H).F5 EHE%(S)F Shannon ¥5FEHEE(E), A
[FALEEAY Shannon 1545 (H ) #E1T L3, AW R IR IEAL
HS5HEYTHEIREAHEZ BE2RAEE, 555
AAbEE2E B 2 T Shannon $5] B 41 (E) & Ab 32
ZRTEERES; HEBEYREESERES)
FeE RS REM, YRR IR B & F HAbab

H, HEREE MR EE RN R AP
TRACAREES B9 B YW ARl L % e —E R
JE b T AR R R M RE B MRS AR,
B miAeRE B IR AE 3R o IR N AT RE R AR R TRAE
RSN T KRBt AR A R R TR
ROSERPE , tL T BEJE th T AR IR AEA B O 848
T ERERA YR, T T 1 ON et T

R 2 AEREH LB EMEESHERERSHT
Table 2 Analyses of soil microbial communities diversity index of

different treatments

AbEH Shannon F5%{ FEERE Shannon #J5] &
Treatments Shannon index Richness index  Shannon evenness
CK 294 b 20 ¢ 0.986 a
T1 296 b 21 be 0983 a
T2 3.02a 23 b 0.987 a
T3 3.03a 26 a 0.995 a

I :FFIRARFERRERBE(P.05), TR,

Note : Different letters in the same column mean significantly different
(P<0.05). The same below.

2.2 TIEREYEER BRI ST R 3h ST HHE
¥k 2F 5L A A R AT ECO Al b /Y 31 Rl IR
G386 R, BIBESE 10 Ff (S EERRZE 6 Ff RERIS 7
i ZRYZ 4 Ff  ZEMLEYI2E 2 PRI 2
WSR3 P EMAY R 6 Ak IEF A
AWCD B, YR IRAEAL 3 + R VR R
) P B S v T At A 3 5 AR BRI i 1) FH AR 4
RIRIEALFS CK AbFEAA 5 F LA AL 3 5 X2 SR
FERR IR B A A Y R IR B AL HL 5 8 ML TCHL 2 IR AE AL
FHEA B = T HAAN X 2 Wik SRR A R
TRAE B 5 ; 2R S HESEAF & AL 3L 2 [A]
ZRARE, R T MY ESE RS
2SS TEERAE YRR R FBRIR 3h ) F R Ean & 2
Fin o WA BRI A (AT, + SRR M REvE X 6 25
B 5 A4 1) FH 358 2 2 1 fim ) e 5 R TR B 7 v - 480
YIRS . ZRYSEERIEF K AWCD A
F A Yy R IR AR, B AR 2 IR AR A
P R, CK AbFREAR ; 85 MV R RIS A IR A )
FHZI A Y 2 IR AESCK> TALIES A HLICHLE IR AL ;
A YA IR AE X S B R 2 2 B b & 25k U
IR A ; A Y 2R IR S AR B
RTEHLAESE HLTEHLAES A Y1 Z IR AE>CK,
RIGLE R FH , RRALFE + R Y5t 6 J8mRIF
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R 3 FEHERBALEE T BRI MIESR 9

6 h 6 ZKERIEF R FHE S E

Table 3 Average well color development of 6 kinds of carbon source utilization of soil microbial under 96 h culture by different treatments
AbR S L ES HHMRAE ZRYIK EAU M lERy/ES EZiiieS
Treatments Carbohydrates Carboxylic acids Amino acids Polymers Aromatic chemicals Amines
CK 0.72 b 073 a 0.85b 0.73 a 0.71a 0.96 a
T1 0.69 b 059 b 0.82b 072 a 053 b 115a
T2 0.83 b 0.60 b 0.94 ab 083 a 0.70 a 112 a
T3 1.19 a 0.80 a 1.04 a 0.86 a 038 ¢ 1.06 a
18r A CK O+ T1 A T2 & T3
S off
<
of 4
0
NN AR NN NN NN RO
LS IR A ZRYE | PSR E2iieS
BRI, 1 (3557 )/
2 FEIHEREALE TR EMH AR B M ERREN FHHRETHERUWCD)

Figure 2 AWCD for different carbon sources utilized by microbe of different fertilization treatments
AR —E 2257 , A M IR NE R y 30 L ACK
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REZ RN, HETTERAR T 3 AR My %o S [R) B UL 0 1) 3 0; a3
AR T B IR R AR ) ] o’ .
F R RO R AL &2 S P ! 2
2.3 HIEREMBEE TR E RS ST = !

FIFRESR 96 h JRINE R AWCD $ids, HEEHR st
HEARAL B EAT E RO 00T o 31 AR R 5 A (—2 - :
PC2(16.714%

10 BRI £ TS 100%, EHEF T Z5THE
R 49.516% 1R F B4 B+ PC1 #il PC2 Sk 4T
WA DR RN T (B 3). ERGH AT ER,
ARl AEALEE A+ HE7E 31 FhERIFA B A 32 B AT 2
PMAR PAEA B AR 435 . 76 PC1 b, AR
TRABAbEE F B AEIE T b, HES /N, HoAth b Pg
FESARIER T b X T, 76 PC2 #li |, AL
TR IRAEAN I F 23 R fEIE I b, JCHLAEFI CK
QbR F BRSO A b BERHAE Y IRAEAL B A 1
SR W A T e e e, LA A P Y S A M R
RIFZEHIELL . RFAAEYZIRET B ERE
FEA S PR A - A MR ThRE A I
KT A 32 B 53 BT R A4 AR ALE 1) 2 S 8 fr R F-1EL
(F 4RI M PC1 (Y EZRRIE R D-FIER .i-

3 FEIHEREALIE T et MR 7 A KBV E R 5 4
Figure 3 Principal component analysis on substrate utilization
potential of soil microbial community under different

fertilization treatments
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4 3t PC1 #1 PC2 STRKHIHHE[E) 8 =0.50 HRRIRE T A F
Table 4 Loading factor of C sources with loadings=0.50

to PCland PC2
bl Loiﬁfgl?aftor Pe2 Iﬂﬁf"griflaior
Dl ema 0.977 - 0.568
i- R AR 0.970 D, Lo~ H i 0.576
DA/ B 0.940 LK &R 0.855
y-ETR 0.900 PR 0.744
B-FE-D- &MY 0883 |N-ZBi-D #E  -0.574
KRR -0.852 || BEm-L-AER 0.697
4 FEHIEA R -0.851 a-D-F 8 -0.684
2 FRHIEF R 0.831 D3R -0.729
a- TR 0.820 L-#5 8 -0.560

2.4 £ SIRIEX T IEEE R
2.4.1 TIEHEERRE MR

A [FIRER Ak B -+ 38 EME S ) AR AL AN 4 T
VIR, BEE KA KRR HEDE , 25 5T A0 FR R
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TEHLIE A HLTCHLE IR AE A A 4 52 TR HE AL 3 A S ks
BRI PELESS 15 d IRBIEKRME, BRIERHIH 56.09,
62.16.72.74 mg glucose g™+ (24 h)™,CK &b ¥ i b i
TEHEES 1 d X8 HAME, 4 61.38 mg glucose g™
(24 1), BEJE A0 B T S RERERGTE 1 T W . TR EOKAE
KHA N A [F) 4 PR REE G- 975 1 /NI A 2
IRAESAHLICHLE IR AESCKSTCHLAE , 4 ¥y 52 TR HE AL B
SRR R, S A EA LR B B
15.45.60 d A HLICHLIE 1R AL AL 3 i TR RS Mt 35
= R AT e RA Y R IR IEFIA VLT R IR e AL #
AHUEFTCYUERCHESR L T 3 & A HLak , THLE H
AITCHLAAST T T C/N, R RE S SR T
MR ST, PR T RS
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B 4 A[EHEAEAMIE Xt T IR AR HEEEE R
Figure 4 Effect of different fertilization treatments on soil

invertase activity
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Figure 5 Effect of different fertilization treatments on soil

urease active
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