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Effect of long-term fertilization on soil microbial community structure in corn

field with the method of PLFA

YU Shu, WANG Jing-Kuan* , LI Shuang-Yi
College of Land and Environment, Shengyang Agricultural University, Shenyang 110161, China
Acta Ecologica Sinica 2008 ,28(9) :4221 ~ 4227.

Abstract; Soil microbial community which indicates soil quality changes and controls the soil ecosystem functions has been
regarded as the early warning and the sensitive indicator of soil ecosystem. In order to study the effects of long-term
fertilization (1987 —2004) on soil microbial community structures, active microbial biomass and community structure were
determined by phospholipid fatty acid (PLFA) in the long-term located experiment with different fertilization treatments on
brown earth in Shengyang Agricultural University. The resulis showed that total soil microbial biomass, bacterial biomass
and fungal biomass were enhanced significantly with long-term fertilization treatments, especially in manure or manure with
chemical fertilizers’ teatments. Fungal biomass in all fertilization treatments decreased during corn heading stage. Soil
microbial community structure had been changed due to long-term fertilization , but no predominant group in single nitrogen
applied treatment. The microorganisms containing the PLFA of al5:0, i15:0, cyl17:0, i16:0, 16:1w7t,10Mel8:0 and

15:0 were dominance in microbial community in the treatments applied with manure. In addition, soil organic matter,
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alkali-hydrolyzable-N, available potassium and available phosphorus were main factors of energy and nutrition for growth

and activities of microorganism.

Key Words: long-term fertilization ; s0il microbial community structure ; PLFA

TEBMAEYRHERTIBAYX AT EEENIIRHS, DIEMAEYARIANE T EARAFEEN TR
GL7, Sk #EE TS, CIRX AT RO+ 28Uk, REXT 1 38 A 20 2R 4 A 5 i 28 A8 F b, B
BESEMSREBR, b, DEMEYRERIIAVE DIBESRETAH TE LERER, B 1 EHRE
ik, BT HEBMEYNEEE K, AR A E S, BEaM 1 EBME YR T A S S R0 L E Rk
YESRE, TEAIENATBESRINEER R, BREMREYHREN EERS A5 TE
i 5% , R T IS A i eh , — BAE A AE T, b O BEER Rk B D Bk . RRIF M Uik
WBRIREAL B RIBBITER (PLFA) B K S B B Wk KM £ R, X BT HAE YA mE ki
Y RO A BT T

FE Y Ah—Be2e F Y 4 T B T RIS S5 R R T OB ST . B Y B A A HUE S
B YIRE SRR RN, AR VUL RS 1RSI, R R IR YRR 45, R IR
HAESIE S, R ER BB 1SRG IIEE, AT REA SO H LW ER K2 . Degens’™ BIEH ] -
HEch RN 14 B LA T s S W AR AE R 2R . Bossio Al Scow' 3R 38 1 - 398 b R I U
Be g D e R M RIARHT R (MUFA ) BYARST 32 . FlieBboach'” 45 b T4 J & oA HLIE B9 HLBE
YE 51 AL IE R G Ge e 7 2N 130 Uity & B DLEHE T 385 e Y5 B BB 2 ¢ 14 ( Biolog J73k) B
ERTHANERCESELE, T RARRREES .

AR, K BB AL B AT L3RR ) . R B M R IRERE , W IEARTIRRNE MR EE —
B3l (B R ZHH R AR R B Y8 PR E BTSSR RS B, ARSCRABEE

BITER (PLFA) YABFSE T 2k FRAR L K2R AR K B A I ol K A [ M AE AL B 3B A M B VR S5 i O 3
Mo s KB AE AL 1 R M 2 R R AR A BB TS S5 I T AR , A KA IR AL B T 2R IR AR 2%
IIept R Rt E B KTE
1 #RE5HA=*

1.1 358 X ARG B At ifAd st

I XA F I PR KRB e A SE8e vl (d6&h 41°491 , R4 123°341) , R R B ER L HER
LEIEEARE, B 1987 EFHRE , RAEKREETK, BF 4 A 25 HELHEM, ABEFHEA VLR
E815.6¢ kg_1 2R 1.0g kg_1 , 288 0.5¢ kg_1 R 67.4 mg kg_1 ,B%H58. 4 mg kg_lo R RA YL
TR, AR SR N 150 g kg™ 4, BN 10 g kg™ 2ok ABFITHYMEAE AL TR/ X (AL 69. 12
m’) N : OB (CK) ; QR BRE(N4) MR ESRE 270 kg hm QB EAGHE(MA) ,IF AN &
270 kg hm = ; @ B A VLI A& B IE 4L AL Bt (MAN2P1 ) ,4E A HLAE N 270 kg hm = 4L N 135 kg hm ~* 1
P,0,67.5 kg hm ™, REEN}H]y 2004 4 T2k 3 AMEFHIS B0 @HI(S A 21 B) HER(7 A 20 H) , Bl#
B9 A 23 H) ,RHEEE N0 ~20 cm, BMAR/NXE 3 HIBAFENZ/DX BRI,

1.2 BB RS

FIEA WL E R FICE 47X (Elementar Vario EL 1T, & ) 20477 ; #3% P R NaHCO, B #2- 408610
Hha gk s B K R NH,Oac 2 £2- K M6 A% N R WY Bk

A VIR AR TR (PLFA ) By 52 J7 EE 7 White™ 9775k HRASaE: (1) 850 7R 4 g S+ ANA 4 ml
EAEREWRE(BETIBEHSKE),5 ml 45,10 ml FEE(FFERREMW: 45 FEE = 0.8:1:2),25C
#EEY 4 h,3000 r/min B> 15 min, EEBAIER LB . FIA 7 ml FrERRE P 7 ml FA5 (FrEfReE
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Wk A5 HEE =0.9:1:1) 8% | min, BOERMATRF 18 h, & 18 h 4B R, & LR (KA 2/3)RBIR
BE&UH ERSRTRTEN. (2) 25 AEFEK 800 mg(7E 120 CFHT 2 h) HABBEH(HR
6 mm) , fj 10 ml A5 EGRRERAE 5 ml [OOSR G EARBEN , RSB RK D FIA 10 ml F 45,10 ml
PIEE 10ml AR S R B RS TR T (3) BARML: IR THE @ oM A 1 ml FEER: 2K (1:1) 0 1 ml
0.2 mol/L KOH HIEE# , Faf# R 1 min, HAIKWE 35 ~36 CIEAE 15 min, FAMHEZER,KKMA 2 ml X
BSF7K,0.3 ml 1 mol/L HAc,2 ml IE B.%%, HRIRIE A 30 5,485 3000 r/min B5.0> 10 min, EHER—K, B3HH
WIRBHIE C e , AR IBAL R C19:0 S ks, AW TR T, 20 CRGRF, £ UL ERTA 150 ul iE
D (EISEl) TR o BTFAEE R : PIAR 9 BR1LAY 19:0,5M5 % Supelco™ 37 Component FAME Mix I
Bacterial Acid Methl Esters Mix( Supelco USA) , FEZEN; if i I AWM ES M L B s R IU R 2065, Bk
B ARH BN, ERIGIBRTAHEASHREN, REML, FHReHRE, B 5KMasHEm. 8
PR A 4 : BRI R K IR T BBOTHE, WREF 1R, B 5 RBFREIEEE , w BRFREIRINAL
B (RERBAL ) ,c(cis) RAMERRE , t(trans ) T RE B, i(iso) BB EE ,a( antieso) Frm RHL
8, br TARAHE XN E Me RAH RN E , cy RARFHHEE,

AR It 2 HEAE GC-MS(6890N-5973N) 52, A% K hpS-MS(30 m x0.25 mm x0.25um) HHEF
20 °C/min 5 °C/min 10 °C/min

M, GC-MS 43H74 44k : 4838 70°C (5 min) ——— 190 C »200 C »280°C , FEHE DR B
4250 C,#HS N He(0.9 ml/min) , 2% K 10:1, BSFIRIEEE 230 C, PUARAF 150 C, Rk HH# T E 30 ~
600 m/z, JEMTERE & ARG TR AR, PLFA &8 nmol g™ %R,
1.3 ZdEar

ASCEIE R 2 000 RGBTt B E B S8 eGSR, 4 4 EXCEL, SPSS,
DPS,
2 GBR54H
2.1 AFEIFGEEAERT 850 E YA ) 8 B3R (PLFA)

Bardgett 25 Y TP BENRARRT BREY L BT LAZR 1R e IR B A M BRI 54, — S B R
BEAEEN T EPRBUBER R S B TR B BN AR (R 1),

F1 HEREYWENBOERR
Table 1 PLFA for calculating soil microbial biomass

AEYRE BRARIE BT ER AT IT

Microbial group Phospholipids fatty acids signatures AR Reference
.. 14.0,15.0,16.0,17.0, i15.0,al15.0,i17.0,al7.

#lBS Bacteria in general 0,i19:0,16:1a7 ,cy17:0,cy19:0 [10~12]
B2 [ FH{E 4B Gram- positive bacteria i15.0,al5.0,i17:0,a17 .0 [13~15]
B2 [P 40 Gram-negative bacteria 16:10w7,cyl7.0,cy19.0 [16,13]
TR Actinomycete 10Mel6:0,10Mel7:0,10Mel8 .0 [10,14]

, 18: 1adc, 18 1odt, 18: 246, 18 306, 18; 33,
FH Fungi 21.0,23.0 [8,17]

2.1.1 AFMGAEALER F K+ REY) PLFA B2 K0

HE 1 TLEH , EEARRFET N A RGESE - ERMEY BEYBEAARK LB, 72D
P E KB A MR AL B A 3R A=) PLFA B 8A BE 25 iR N4 M4 FOXHRAC B 6] 22 55
AR G N4 Fx B AL B K M4 FT MAN2PL b2 A B, B, N4 RT3 AL 19. 5% , M4 Al
M4N2P1 735 T HRAL 2 29. 9% F1 73.7% , H. MAN2P1 Beimy, filifEH, MEACAL B 1+ 38 H9 PLFA & 2 HRWE =
FXIHR, N4 M4 4B = TR 6. 8% F18. 0% ,MAN2P1 A BERBUNE R, HR TXHH 27.8% o ARG,
MAEALTE + 38 A9 PLFA SBduim T X, H M4 Al MAN2P1 #RR B H BOR B9 K, 20 B/ T3 88 75. 4% 7
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70.6% , EKBAMGEIERESR & BN A Y B E R VUEFA VLB BC it AR 4 B X
MY RAEYENERIEALEHE, B AREAHA EXREPR R ERAEY REYE AERETP
JE AR MER.
2.1.2 REGEAEAENT + R4 E A Y2

B 2 T, WAL B S X IRAL L] LA E AR A BE R, Hdh, N4 (RT3 AL H 24. 2% ,
M4 F1 M4N2P1 43575 F % B AL 30. 1% F1 73.9% , H MAN2P1 5eim, MR, N4 b3 8 25 F ) R AL 2
14% ,7fi M4 F1 MAN2P1 Zb 35X BRIRA BEZER . B, M4 1 MAN2PL b H B EA YR BE R T
XTHRALIE 77.8% F1 79. 1% , T N4 /b3 53 RANEZ A BEZ R, LA N, KM £ kb -850
VI B A Y B AR S AE Y B Y B R BOHE R, X BIERA T i W LA D R BEIE 45

OCK HEN4 M4 B M4N2P1
a 18 -
16 -

OCK EN4 [ M4 B M4N2PI

(7
<

[\
i
T

\S)
S
T

PLFA 4 & Total PLFA (nmol/g)
” v
T T
(=9
=

>
T
HFHPLFAE
PLFA of bacteria (nmol/g)

I N
AR Heading  BEE4HH Maturating

(]

HHA Seedling

! : ! S\
Wil Seedling  IhEER] Heading BT Maturating

B 1 FXETHARRMBELEN 5 PLFA BREFMH

Fig. 1 Effect of different fertilization treatments on total PLFA in com

growth periods
B EREFTHAMERATERRERSEE (P<0.05); TH

The data in the same column with the same smaller letter indicate no

B2 FAREFTHAARRMICAER AR PLFA 8RR
Fig. 2 Effect of different fertilization treatments on PLFA of bacteria

in corn growth periods

significance in each corn growth period (P <0.05) ; the same below

2.1.3 AFMGELLER +3EEHEAE Y BRI H

HIE 3 &, 4, N4 SR EY W HREEAEY R ZF A BE M4 T MAN2PL 43535 8 28 % T Xt
FRALPE76.1% F136.7% , H M4 JLPRER R . i, N4 M4 71 MAN2P1 4038 H R EHAEYBH A BE KT
it fEALEE 66% \38.5% F125.5% , H N4 AEBRE A, BUFAMA, N4 M4 1 MAN2PL 4b 38 + SRR A= Yy B4 70 31
BERTXIR 179.2% \256. 5% 1 103.3% , B M4 LR R . WA N, £ RN At R E A
YIEEE, FEUHARENAR SETHERNET RRABOVET . BERE, ERELEEBE L RAEAEY
AR PR E , 7E R A0 B B LA A B LR A BB B, 7E S R B O A DL TG L AE BL A i A AL
KRB E
2.1.4 ARMEAEALHEX TR/ S

FUR/ PRI HO BT R BB A AR S B LS T A MR R E R mE4 B
H, ESY, N4 F1 M4 2 BB/ A L2 R R R, (BB 3 R T MAN2PL AN AL B, T MAN2PL 4h 28 B 2
T HEACEE, iR N4 70 M4 408+ b BB S5 L, EER R T MAN2P1 Axd fiARER, T MAN2P1 4b
B RERKEERAXNBIR, M, At + R E /T L) B KT X AL HE, B N4 AR BERAR,
VEIZEX — A AL B DR R W BRI A TR, MG B M REIE T BB/ AR MR E Lhl. &
2, B AT AL S E AR B AR LU AR B R T X AL T, N4 Bk, DA RUIE X BT B A A — R BRI
Ve, BEfR M 1R P BB RO AR & T MAN2PL AERSBAR, YRR HLILHLUIE BE A 1 3 BB B9/ RE A 4
M4 fLFEA B X BE H T ARERER AR ERAEYE ERER
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The proportion of fungi/bacteria
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S04l
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HHA Seedling

|
Wi Seedling AR Heading
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AR Heading  BEEAHH Maturating

B4 FREFTHAARFMALAIER 3 PLFA EH/ R KM

Fig. 4 Effect of different fertilization treatments on the proportion of

B3 EXREFTHAARMELE - RER PLFA BREW

Fig. 3 Effect of different fertilization treatments on PLFA of fungi in . L. .
fungi/ bacteria in corn growth periods

corn growth periods

2.2 REMEAEAE AR YR S B

SFEEAAW (B 5)BH, FRAa—MERS Z2AR A FEEEALAHE KX 5Tk, M4 LAHEF
M4N2P1 b3 5 F o — R BUHH B B IE AR 55 10 N4 AbBE S 3 oy — R BLH ke 56 MAN2PL b B S B or —
ZEEREIEMRXER, N4 LLIFEAR IR AL A EE 500, Ui B X 0 AL 2+ 38 0 1o 2 M % S P 38 AR
FHb, X AL FEAE 5> — TN R AR AR T R M , DA X HR AL B S B A R B R A AR K

BB RAEESS LHWE TR SIS REZNA(E6),al5:0, i15:0, ¢y17:0, i16:0, 16:1w7t,

16:0,brl6:0 ZEF o — L BAEE R, ERA—REMNHARET. HPX@RIREKETEZRH

P, eyl

7:0 7116 1w7t ZRARFMFE ZRAMEA ISR, T 10Mel8.0 7 £ B — BRI EAEEME, B

XL E RSB R, AR AVUEFE VLB R SR L EP E 2 R HSEME 2K
FHPEE I 2, MR E b, 18:0,al7.0, i17.0, i19:0 1 cyl19:0 EEX B = L EBR BB ERFE, T 18 :2w6
170 £ FE P50 — L EAMEBAR, T LA E B — & 18:0,al7:0, i17:0, i19:0 1 cy19:0 MRFEHEF,

Hrp 18 2wo R L AR R IENT AR , I A ML EHEC AT L IEP EE N S BR K. L8 0 W, Bk
al % N4 & M4N2P1 e M41 o CK
20 10 bl
1.5+ al7.0 .
081 180 xjj7¢ i19:0
= 10 cy19:0
2 06 |- x
= 05 16:0
8 O 04 br17:0
£ 0 ~ 10Mel8:0 x
x al5:0
0.5 ¢ 0.2 mlx
= 14.0 :
15:0 x E@O
_IO [ O [~ x
b 17:0 18:2w6
15 ! | ! ! | 02 ! ! * ! ! |
-1.5 -1.0 -0.5 0 O.S\I‘.O/I.S 2.0 -0.2 0 0.2 0.4 0.6 0.8 1.0
PC1 (41.43%) PC1

Bl5 AREHEARLET AP PLFA W EB0 5040
Fig. 5
microbial communities of different fertilization treatments

al ;PC1 x PC2

Principle components analysis of PLFA profiles from soil

B 6 RRIMEALALIET 4 Y aedE PLFA B#HE T Fimk
Fig. 6 FEigenvector loadings of PLFA contributing to soil microbial
communities ordination pattern of different fertilization treatments

al ;PC1 x PC2
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RE 53 FRACER - SRR WIRE IR S AR, B W B RO PSR , T U3 R A HLAE A0 DL TG AL i 4k 22
TR YRR T U BRI E
3.4 TEBMAYEYE(PLFA B8) 5 TR IR R R BB BRI B8 X0

PLFA S8 5 + A LR B 3R 2 200 B A R8T O A SR R B 3109 0. 7397 ,0.6487,0. 803 ™,
0.794™" (n=12, *R/R P <0.05,  »Fm P <0.01), AUFH, HEMEYBBIENREES5 LA
[ B FE R R AR B IEAE R, MR R -5 LAY PLFA BB HBE MK, HHTEAYUR.
R R BB R U W AR RN T M ) R R BEIR A E R B 1, A Al R A VLR BB A 5
TEBEYZ B KR T 8T

£2 TRMEBLE T RENR . EER . GEBHERH
Table 2 The amounts of organic matter ,alkali-hydrolyziable-N ,available K and available P in different treatments

£FH WAL AL IR AR (e/ke) BEK (g/kg) BEP (gkg) AR (g'ke)
Growth period Treatment Alkali-hydrolyzable-N Available K available P Organic matter
w5 B21 H) CK 0.139 0.114 0.030 16.257
Seedling N4 0.196 0.106 0.009 14.878
M4 0.195 0.199 0.143 22.929
M4N2P1 0.279 0.226 0.188 23.429
FhEER(7 B 20 B) CK 0.114 0.107 0.017 15.671
Heading N4 0.123 0.080 0.013 14. 602
M4 0.141 0.173 0.139 20.912
M4N2P1 0.152 0.188 0.204 23.498
WEH9 A 23 ) CK 0.097 0.093 0.012 15. 568
Maturating N4 0.107 0.068 0.004 13.154
M4 0.125 0.152 0.132 20.102
M4N2P1 0.162 0.165 0.159 18.412

3 HZits5ig

KA ACAL BT TR IR VAR Y B A AR BN, SBEEE  AitaIUE XA IYER S
T FERREIR S TR Y BAE Y B KA EA YR, R RAVUERA LICHE RGN T X E Y E
H BRI A A B . FONA PLIE B9 A T S48 B RO RRIR, RIS SR R A . FRBRTM i
BT s, RIEARF T B A9 4K, T Lovell ™ BRSTIERA , 3 RAEA A F 40 8 i 2 &, 35 7T R @ s 55 43
97 A T ELE S AL I R V% , Bardget ™ 178 HX PRI 4538 o T34, 1 M AE A 28 Bl - S B A
YR TR , RE X B A KA — & RO R AR, (B Bardgett™ S HE RN AR SR EEEN TR,
HEA PN EEMER LA TYER S EALHEE NN R, BEEAKSETHERNETRRER
Y], R AEMEIEA T R EE S B AR AR A SRR AR, IR T RE R i TR AE KIE RS HEY A
VB B3R YT R R R SRR R AR BE AR R ERFER, M E R R B 4 b X E A B BUR, Wi
M B AR KA FINEAC A T LA T oK T YRt Vs 451 , A [E] I AL B 1 ST R
LSRR WA PUIEFA HLICHLECHE I oK b Uk YIRF i ¥ DL 150, i15:0, ¢yl7:0, i16:0,
16:1w7t,10Mel8:0 1 150 FIRAE YA DL EFIEE ; MERIEXS T S8R WIS LU & 10Mel8:0 71 15:0 B934
RBFEE . Foh, B RICAE B VIR R 45 5 KA TG I A BB AR, T X R AL 38 1 3R B
BEEEFRE . TEAPLR AR R B R R YA KA ) EE BRI ERE T,
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