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Abstract ; A 56-day incubation experiment was conducted to evaluate the effects of biochar types ( bamboo biochar and straw biochar) and application rates
(0%, 0.5% and 2% ) on the diversity of microbial community in two soils contaminated with dibutyl phthalate (DBP ). Diversity of microbial community
was analyzed by the phospholipid fatty acids (PLFA) method. The results showed that the bacterial PLFA | fungal PLFA and microbial community’s total
PLFA of the high organic matter content soil was significantly (p<0.05) higher than those of the low organic matter soil. Bacterial PLFA, fungal PLFA
and microbial community’s total PLFA of the high organic matter soil showed a significant (p<0.05) increase in the 2% straw biochar treatment, whereas
a significant (p<0.05) reduction in the PLFA values of the low organic matter soil was observed in the bamboo biochar treatments. In the low organic
matter soil, the ratio of Gram-negative bacteria/Gram-positive bacteria reached the highest level in the 2% straw biochar treatment, whereas the soil
microbial community Shannon Index reached the lowest level in the 2% bamboo biochar treatment. The soil microbial stress level reached the lowest level
in the 2% straw biochar treatment. The biochar type and application rate had no significant influence on the fungi-to-bacteria ratio, Gram-negative
bacteria-to-Gram-positive bacteria ratio, and the microbial community Shannon Index in the soil with high organic matter content. Based on principal
component analysis, biochar type and application rate could influence soil microbial community structure, which was closely related to the soil organic

matter content.
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1 5|5 (Introduction)

A% — H B2 fi ( Phthalic Acid Esters, PAEs) W
FRABRER R , 2 H A ok 8 ) —2%
HESHF BTz N T A MR T K Ak 2
S PR (He et al., 2015). 48 2% — W R — T g
( Dibutyl phthalate , DBP ) F A H: H —Fh iz # WL A% %8
AT, W] SE G b R A O A b A e -
TORE I BT, 0 R V) i SR 1A it AR 4% 5 b 1 48 v Y
DBP &A% 16.12 mg-kg ' (32, 2010) , 114
F5 6 it % 3% i - e DBP % iR 7E 2.27 ~ 20.54
mg- kg™ Z 8] ( ERNEE, 2007) , kit i id 55 [ 4 4%
DBP fb&Wd il bR ifE ( DBP 0.08 mg-kg™") (X
%, 2010) . e E YR EE A DBP 24l 8 Sk
L TEE W U E W R AR IR
REIR S5 M Z R Ul LA W AE B R R E
PE(RIZESE, 2008 ). HHERE 1R 1 8 Rl AR O &
B RER 43, 7E AL UE RE 2 3 sh 3k 3h AR W sk 4k
SRR T R AR (A, 2013) . 065k,
A W e OB b S et IR SRR AR Ak
S TS YL i A W ) () BURE bR ( Manickam et al.
2010; 5 B B 5%, 2007) . KL, 40T FEAIK DBP X 14
TR i 3 SR AR S 1) B A

AW T ( biochar) J& B A= ¥ 0 AN R AR % 5540
YRR EAETC AR AW 5T, Zad = A
i AR TR B0 — Bl & B R 0 e 1Y L e B Y
TR 2 E AR Y 5 (28 14, 2011; Wang et al.,
2010) A=Y R AR Ry —Fh ot A RE IR =4, Hofb 2a bk
R, AR LR B MLES 4 L W
R RE T, BE M B 1= 18 v i A HILTS e, BRI L
TS YL W) A A P RN B B XS (Song et all.
2013) , & FHAR Y 3 e B R0 FNAE B2 50). AR ) T AR

SO AWNZR BUE IR UK AT LU 1
J1(Zwieten et al., 2010) , 0 +HH YR & &, 10
A Ry S A W B BT A B R | AT R T DA e
BRITR, WA EMAEY LT LA R#EEN
(Steiner et al., 2007 ; FHERFSE | 2013) .38 JLAEE A
VFZWIIEHR A B ¢ ml ek 3R W RE Vs 46
¥ Z #£ % ( Grossman et al., 2010; Lehmann et al.,
2011) AR, AE W B A A LTS G 4235, JLHE DBP
15 G - g vh R MR TR SR 22 RV R 5 e H I
A IR TE.

NS5 R FH W IR BE W5 2 ( Phospholipid  Fatty
Acids, PLFA) 73 T80 A , IWARUAE B0 64 4 BE T 50 2
Y pcFh e A& L R - 3G LT & X DBP 5 4%
I IR A5 A Z RE R R e, LU D A AR
Y st SR AE W) s R FIE 2 DBP 5 4+
PR ALK .

2 ## 57 % (Materials and methods)

2.1 R EERE

A SRR R AR W VT A I 48 T 5 I R R T B
AHARER PP -, e — 2 20 K A R 1Y) 3%
bel - (Abarse) ik R RS B RO R 4
), Wi R AR AU S R 2E TR
(1) REFRZE(0~20 cm) , HIE RS HAY
Ze gy, Wit 2 mm 5 &R LB, 5%
(sl A2 23 B 7 i) D 3 4 8 Ay A 2
FEPE R (E-4ndh | 2000) , R0 1 HF BEA LR
R FH 5 R A 2 i A 5 g pH (B2 7E K
1Ky 501 F R FE20 BURR B 3 (M4 -6 0] £
IXES A B A I 4 HE P 58 i R
1 mol - L™ BS TR L HR IO 7 5 43 4 Z0R F 2P it
LG E

F1 X TEHBEREBELER
Table 1~ Soil physical and chemical properties

A LSRR PHES T2 ke

T o pH(H,0) o o R/ bz ke Yz A
(gkg™) (emol-kg™")

L YigaR: 65.51 6.04 5.09 0.20% ey 16.9% 44.4% 38.7%

BRI 10.34 5.83 4.13 0.03% =y 16.4% 45.0% 38.6%

2.2 BHR A K
I E IR Y AE 500 °C GRS R RS AL
FEATIIE 3 h J515 A S5 I 75 (RS 5o A AT

B R IR R OIS I ik 40 1 9 -0 7 HEHEAR
PR, S5 RN 2 Fros . AW B0 1 L 32 AR
R (ASPA 2020M, & [ SEsa A R ) M5E ;
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¥

pH {EARHE GBT12496.7—1999 J7 1l 5E s i (C) &
(H) FIA(N) &R HICER 7t (Flash EA1112,
Thermo Finnigan, Italy ) Ml &; K 7 &% & R &

GBT12496.3—1999 J7 3k 2E 5 A HILAR & 2 I 2 >k
IBI(2013) FRfE Ty, B4 h & s 2= oLk & 1
A

®2 HIKEMRRHERELER

Table 2 Basic physical and chemical properties of tested biochar

HRmBY

AW IR A (mbg ) pH C H N H/C oy AR ES =
FREE S (S) 2.89 10.05 56.94% 1.93% 1.02% 0.41 27.71% 51.81%
B H(B) 0.0018 9.38 85.20% 2.69% 0.82% 0.39 2.91% 82.37%
23 KEHE i ) B P A RN 0.25 g-kg ™'

¥ 8 ¢ DBP ¥ T H Wi Wi, 45 2k B2 o 40
mg-mL_IE/‘J DBP /5{&LJ,§MJ¢I%(H) I B 21 33
(L) A 1438 B 850 mL (14 - 3R 45 & Wi it 3] 850
g 1 2 mm G AL R PIR A A0 AR E R
100 mg-kg™" {75 Y -1, Z2 Uk B ) LAl Y o0 4 4
KRR BRI AN T A3 OXF B (CK) AT
TnA=9 B ) DBP i5 4 - AL B, @FE DBP 15 4
()t HE A BRI 0.5% 2% RE H % (S 0.5% .
S 2%) ISR 0.5% 2% AT (B 0.5% B 2%).
gt 10 MEFE, A PR E 3 N EH I35 ke

P,0, 0.32 g-kg' K,0 0.2 g-kg " i Ho 4 7% i AR
MAFEICEBI K 28 2 T R U J5 PP e AR 2~ 3
WBEIK , PRAE 3B Sy H B) e KK i 60% 224
TR R A ML A B B IR = P, 55 5% 56 d JE R
R LA, KRR R G 2 mm i, %
R W IR AR AE T =70 CUKAE R
2.4 B R R e B B T

PLFA $2HU 2 18 Qin 25 (2014) J7 ik A8 4
CL A ST T3 E ) PLRA HE(T5325 PR3 3.

£33 FERMTEBEVNFFIEREIEERE(PLFA)
Table 3 Main phospholipid fatty acids( PLFA) to characterize microbes

(DGR FEAE PLFA A5 Z:7% 3CHk

e i14:0.15:0,i15:0,a15:0,i16:0,17:0.,i17:0,a17:0, Frostegdrd et al., 1996; Frostegird et al., 1993;
i19:0.¢yl7:0.¢cy19:0, 16:107¢ 18 1w7c Smithwick et al., 2005

HE 18:3w6¢(6,9,12) .18:109¢ Frostegard et al., 1996; Zelles, et al., 1995

22 B E ey17:0.¢y19:0.16:107c TEHEWAE, 2012

22 G PH A i14.0.i15:0.a15.:0.i16:0 .al7.0.i17:0 Frostegard et al., 1993 ; Smithwick et al., 2005

T 17:0 10Me .18:0 10Me Frostegard et al., 1996; 7KAJ5 4%, 2009

E:ia cy Me 20 UFRSR S FRRANTT ISP RUIRINIRR , 10Me SRR 45 10 DRI T EA —HUEH (BRI ) | o fARIB NI, c %

AN 2 [ 44 36 9 TR

2.5 HAELH

SIG K8 3 M1 R FH Microsoft Excel 2007. 3K F
SPSS 17.0 X [f] — & R b b it b PRVEAT AR 3R 5
2243 1 (one-way analysis of variance, ANOVA),
Duncan M A AN [ AL B 24 53 i &V (p<0.05) 5
Xof [ri] — Kb 3 g e S A - SBEAE R AT O RT ¢ Az DA
ST 3 M R — B A B ((general linear
model, GLM) 4T Z2 N 5 22 50 Mt , £ 45 VP Ah L%
AU LW 5 28 B e R - S 1) PLFA
it AR EOR R ) 45 B 52 . A Canoco
B xF 5 Ak 3 eb AR W s T R 0 AT T O3 O3 B
(Principal Components Analysis, PCA)j:i%ﬁﬁéE%

FETE IR R FH Shannon 8% (H) R A=Y e 148 48
(Stress level ) ( Hammesfahr et al., 2008) £, i1
(=R/N (1

H=- Zpilnpi (1)
" v CY17:0
M’_%%Ejﬁaﬁ(—?:lw% (2)

Hodr p, K55 @ MERIE PLFA 5 5 PLFA S # 1)
FLAH.

3 R (Results)

£ B M TR AR PR
PACLIHERY pH (H R T8 R 20, — BN

3.1



541 SRR SR AR W RO AR T TR T R TS Y U E MR TR A A 2 R RO IR 1803

PEEIE(pH<7) (32 1) . PR 50 BRALPE B LA AR
], H 221358 A BIL BT il RN 4 80 2 it 43l B BR 41
HERY 6.34 f5H 6.67 5. T MAEY Bk Je , 1881/ pH
fEIG I, HREA 9 B me & e W R i (3% 4) H:
AR B AN 45 pH (B A B IR B2 v T B AT A, Y

NI 29 R v i S £T 39 FHT B 21 321G pH 43 571
HOMT 0.63 M1 1.34 AN (K 4) X JEH FREF K
() pH A T B % H-5 BATHRA L, RE 5 R 1
FMBE R BT 1605 £ (% 2).

R4 EYFRRITLE pH EHH
Table 4  Effect of biochar on the value of soil pH

Rk 3 BALLTHE(H) BRLH(L)
Vs CK S 0.5% S 2% B 0.5% B 2% CK S 0.5% S 2% B 0.5% B 2%
pH 6.06 6.29 6.69 6.08 6.10 5.43 5.70 6.77 5.46 5.49

32 AR AANDBP TR L EFEE EE KM
£ 4 PLFA & BN E R
T AR PLFA | L TE PLFA N 2B 9 B
PLFA X = F 1 & w22k an & 1 pros 6 [/ — 4k 3 v

100 w gk (H)

w B RALE (L)

80

60

40

4 PLFA & /(nmol-g™!)

20

CK S 0.5% S 2% B 0.5% B 2%
15 izl
%D 12+ a ab
g L
rnt\mﬂ oF be be
L
c
<
5 or
A L
ﬁ —
o 3 BC B C
L A A
0 CK S 0.5% S 2% B0.5% B 2%

a

2001 e

PLFA ¥ £ /(nmol-g!)

CK $0.5% S 2% B0.5% B 2%
b3

1 RE4EHMEE PLFA HH PLFA R4S PLFA &
&8 (MR R B T REANTR] 2 75 A (] ok B[] 204 22 S5 1k
F g F MK (p<0.05) )

Fig.1 Effect of biochar treatments on the bacterial PLFA, fungal
PLFA and total quantity of microbial PLFA in soil

BT R AR S UEAT X ¢ RS IR AT H p (H
BI/NF 0.01, R LA b P AP B 0 A L LA
AEY) S PLFA I i1 0 3 (p<0.05) & TR B
CTAEAb P 5 X HEAR L, B 2D P IR N 0.5% Fif B
AT TR L S A ) PLEA (2 5 02 | i
TN 2% R 55 ¢ 35 (p<0.05 ) $2 v 40 14 L E0 T8 S i
AW E PLEA B 5, 43 B3N T 48.6% .45.2% M
49.7% .5 0.5% B4 5 8.3 (p<0.05) &5 T 1k
Y1 PLFA &, {H2 ) 4 P K B TR AG S35 5E ) , T
2% BTSN, A0 S E Y B PLEA (9 F &
A IEAR T 25.0% F1 23.6% , .3 (p<0.05) i T %t
R 556 HER BL B B2 20 398 0% o R 7 e o 40 7T L TR
KAEY) S PLEA 12 5 JC 0 58 W, 8 i B 477 ¢
B3 (p<0.05) FFIL T =34 PLFA & &, (HAHE
B IR H PLFA A9 35 5 G20 .
3.3 A4t DBP 75 %+ F AW PLFA/ 4 1

PLFA {8t % 7

XTI B 0.5% b3 5 B 41 38 i B/ 40 T
FUAE 3 i 3 (p<0.05) iR THVL A, S 0.5% .S 2%
F B 2% Ak 3 A B LT A U/ 40 R LU S Ak
LI NITC W 2 (E 2) 5 B A L, Pk e e

0451 LA (H) o BTRATHE (L)

A

CK $0.5% S2% B 0.5% B2%
AbEE

B2 AEALEF MR EE PLFA/4iE PLFA Ktb{E
Fig.2  Effect of biochar treatments on the ratio of fungal PLFA to
bacterial PLFA
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FRS AW R XA PLEA/ L PLFA 9 HU(E TG
B PR R AE T AT U 0.5% 5% 2% FF R
B BRI (p<0.05) FEAR 1 358 rp FL B/ A T 1Y
FOAE, 09 R T 41.61%5% 29.26%. T4 0.5% F
Py xet - 8 BB/ A0 B A H (B A S R, AR
2% BATEIN & T, 3 b BB/ 40 T L 0T IR
2 (p<0.05) FEK T 31.81%.
34 AYAAANDBP FE L EFEL K AMRE/

ELRHEEE REN

3 AT LIE B2 g v 22 B S M
=2 TG PHPE TR LB Y 0 3 (p<0.05) /N THH7 R 41 4.
AL LT A8 r TR I AN [R) Ao 2 R FH 5t 19 2 4 B e %o o
2% PRSP PR/ 2% TG H M B A LA TG Jd 25 ). 55 %)
HEAH L, B B LTI s I 0.5% F1 2% 1) e B i I
E (p<0.05) 380 T 524 QPP B/ 22 IR BHPE TR 1Y
FUAEL, 2050 Xt HEAY 1,41 £5 80 1.56 5%, B INAS [
B TP R 22 G I e T/ 4 2 G B P T 1) LA T
e AN

3.0

. [ m e SRR L)
#Host

=

2

A 20k

ﬂ -

= 5[

= |

®

310

w L

0.5
CK $0.5% S 2% B 0.5% B 2%
s

B3 FARL4E#FRPEZRAEE/ EFZRALENE
Fig.3 Effect of biochar treatments on the ratio of Gram-negative

bacteria PLFA to Gram-positive bacteria PLFA

3.5 AEAFUAK AT DBP 77 % &3 o ok AR S
P15 B B

MRAEA (1) TR R AL BER 4 58 0E 5 A9 B
YIRETE ZAEVERE B (H () , IR 4 Fivs , [FIAE Y 2
Wy 5T B S I A% 1T, Ak 20 0 A W B TR
Shannon F§ 5034 2 3 (p<0.05) KT #r B 410, 3201
DAL h WU RV Z AR Ve LR R 4D g
AL B IOR [R RS AN R £ 0 AR W T
SR IR A W BEYS Shannon 8 500 . 25 M 52 .
B B LIS IS 29 8 B pe b P b - SRR MRV
Shannon 85034 2 2 (p<0.05) & F U EAT 2% 1 Ab
HEL 55X B B IR AT S 2 B (p<0.05 ) FEAR AL
A=Y REVE Shannon F8EL, TSN 2% B AT AL PR v - 3¢

AW RETE Shannon F8 £ IRk 31 2.59, Ho X HE i

F (p<0.05) FEAR T 0.25 S HA.

3s0r B LA (H) e R (L)
§325F 2 7 a a a
% L

3.00

AB
Eosl B
B
2.50
CK S 0.5% S 2% B 0.5% B2%
AbE

E 4 FEAGEFEREMEYEEY (Shannon) ZHEMEIEH(H)
Fig.4 Effect of biochar treatments on the Shannon’s index of

diversity (H) in soil

3.6 A4 DBP 35 4 HE Bl 4 E T T

%

1€ DBP ¥5 3 B3 s AE 9 e, A (2)
A A A P SR HR B (| S) L TR —
VR RIS, e S 0.5%
S 2%M1 B 2% 4b PR A I A= ) k1 #8803 B3 (p<
0.05) K THr R 213, XI5 B 0.5% 4b 210 JC & 2%
2. S50 FEAH L, Sk 21 558 TR I N 29 A B et 3
(p<0.05) FEAK T 45 AE W 5 148 0 5 % BEAH L
PALLTIEIRIN 0.5% BAT 5% 8.3 (p<0.05) FEAK T
A W T AR B, AR I 2% BAT R B
SN AT B LTI v Bt R R A i A 1S, - 8
TR S8 B0 2 (p<0.05) B, BN 2%
FE B B U2 W R ) H6 800U 35 (p<0.05) IRT i m
0.5% F& 5 o (Y AL B, 5006 BRI 3 (p<0.05) FEAR T
39.72% . B 2L e Bl B AT A AN It (R 35, 36
AR I B IR G 2 R

08 m LTI (H)

L

CK S 0.5% S2% B 0.5% B 2%
b3

B5 TERSEPREDENEL

Fig.5 Effect of biochar treatments on the soil microbial stress level
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37 EANK AWK EAERREN LEHAE
H1 PLFA 4 &  Z R ECME B30 %
ZINZE T 25 R R, A LT & Xt
TR Y S PLFA A ELA 55 22 QR 5 22 [
A B/ 22 FC BH M 1 A Shannon 8 %0A 3% (p<
0.05) 2R, AT EC P/ A0 AR 9 e 18 3000 i 2
SO (% 4) AR R B SO 2% TG R M i/ 2

A= ) I3 A S TN A B R % EG PH M B LA 3 (p<
0.05) WA HAE R, 1 A= S HILJST A A= 9 5 ¢ FH £ %
T AE Y PLEA 35 50 W 3 5 . A ) 5 e b 2
FUH R 1380 AE W) 3 PLFA 20T BUTE AR 22 IR
HA BE (p<0.05) M3 HAEH ; AW i 2/
i DL IR LB A ) S PLEA 40T 5
2 U EA 23 (p<0.05) KIS H A .

PG BH TR Y (A 5 (p<0.05) 52 0. -3 HLBTAN

F4 ITEENREVRREDREHEX TIEMEY PLFA S8 SHEREMENIEHZNNSEEFTESN
Table 4 Multiple factorial ANOVA of the effects of soil organic matter, biochar type and dosage on the soil microbial PLFA, Shannon index and

stress level

.
P P P P

i P P P SOk NG oA S tar A - P
K (BPLFA) (M) (STH) (zﬁar;) fs;fiﬂﬂ) Fﬁi%) @[?H‘g%‘f)m (#sé&) (B #80)
oM 0.004 0.004 0.009 0.151 0.004 0.004 0.010 0.001 0.089
T 0.042 0.035 0.102 0.261 0.032 0.039 0.333 0.318 0.499
D 0.864 0.868 0.957 0.756 0.858 0.653 0.005 0.546 0.400
OMXT 0.091 0.073 0.112 0.310 0.035 0.153 0.299 0.348 0.696
OMxD 0.715 0.959 0.385 0.763 0.902 0.776 0.139 0.346 0.121
TxD 0.015 0.008 0.042 0.474 0.011 0.002 0.530 0.434 0.249
OMXTxD 0.038 0.022 0.110 0.464 0.022 0.011 0.991 0.173 0.058

T OM R TR BB T D 73 B FR AW R S8 T

3.8 I BN E RSN

Xt HHEE Y PLFA 19 805 o A 6 B, 35
A LT BT B 21 858 rp A I B A e B T T 4
22 R (I 6) i A Ak B HUAS: H P4
FR, B E R T LA B RN
93.30% , 2 W T 31 4% 5 bk 1 B2 B 8 5 8 B/ -
W OPCL it B T HIERE S 78.06% MR =8 S5 2R KL,
P K. 5 AR 20 A BL, i B 20 8 AS () Ak B 7

Lor o ZLITHE (H) D HFRIHE(L)

0,
= B0.5% ;FE%A’,_
$0.5%L

B2Y
CK o

<
n

- CK B0.5%

s

S0.5% = B2%

FRAPC2A(17.25%)
(=)
T

-
&
o

T

~10 PR T S RN SR AN TR NS NN S R SR
0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

H—F R AHPC1(78.06%)

E6 FEALETEFRENEE PLFA WER S F
Fig.6 Principal components analysis of PLFA profiles of the soil

microbial community with different biochar treatments

PC1 il BB BAF 0 53 8 B A oot 3B A=)
RIS S IS M R, JUHDZ TSI 0.5% AT i 14k
B, 556 HE R HAth b B 8 432 AL 4T PCT
AR AR AR W 5 A A 2 A 6T - S
ARV SRR A R TR RS B . PC2 i RE T R HERE S
17.25% WA A8 S5 22 40, NEEL 6 Tha] DLW B & i
Al 2T I B £ 398 hb B 2 1) 5L AT 45K A B R
TR R ZA + 3 0 A VR 250 25 S 0K
FSHFE PLEA 75 3 500 F A9 35 R 7 STk %)
Mre S aniE 7 frR, PC1 ST 3R 9 6 PLFA %
P72 S W AT IR TTHREE S 78.06% , R EBE R A 7
% 16:107c . cy19:0.18: 1w9¢ . 18: 1w7c . i15:0 ZE7E
PC1 F EA B &M EMA ik (R T 1), i
PC1AE R AT R Hr i15.0,18: 1w7c,
cy19:0 FRAE A PLFA | 18 109¢ F/iE EF PLFA,
KW BLTEMBALIE D4R LR S =R 2.
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Fig.7 Eigenvector loading of individual PLFAs contributing to soil

microbial community with different biochar treatments

4 118 ( Discussion)

F£ DBP 75 4% - 8 v s i A= ) Jot e mT 52 ) 4 1
TR DX 2R 20 RN T A 0 B i 45 1 22 v T
#7254k ( Anderson et al., 2011;Ducey et al., 2013),
o, ] i 4 v 40 B RN LT 1Y B (Graber et al.
2010) , FEEH TAEY R R A G BABE Ry LE
TR s W 2L PE | 393k DA S BB % D 4 25 <0 K
ORISR R, ELRE A 1 HEGE W B BT 9 flk U
TR AF ) “ LR ( Malcolm, 2007 ) . AN lF 5% 45 R 3
W, ZE AL 2138 T IR T 2% A B % - SR AN | BL TR
FARAE) S PLFA 5 6 i3 N asc o L B4 o 38k W
53X — 7 T AJ BB T AR SI2 50 R ) e R 1Y) B
FMFURBAT R 1600 245, GETE 471k 38k
Y H AR 22 R B o5 AR K B AR A Ak ], R E T
THEERUEY Z R (14 ,2012) s 55— 5T T LG
KA AR F T DBP ELAT #5058 14 W B RE 7, AT
FAAR DBP Xif + S W A 25 1 T IR I A 2 T
B F AN E R AR (RS, 2007). [,
bl 2R TR A R ) A e T o A R S R R
PP FH St 41 o) L R 1) = A AL B4 9 7 ( Kaiser

et al., 2000) , ¥ L3P AL BE 7 5 HAE ) B A
B OABFEWN BRI T R A IS TR
g s A, TR AT IR AE Y R AR
KB FAUHE (Malcolm, 2007; MEEFIZE, 2014; F4&
KA 2013) AW B+ HEUE WS PR EETE 45
YR AR A7 B A AR By P 5T )5 ) ( S A
2015) . 2k 3 i A TR | TR AR B L PLFA
TR R L, R LA DL S s,
TR A= Py iR X 2 T A AL ol A v
RESE R W BTG BR , T 2025 R Y i i
(Liu, 2010).

BB PLEA/ 4T PLFA B AR/ NAT S e i 1
6 rb LR R AH TR 3 PR 1S TR A RE G 3 R R DL
AHXT 5 5 1) A8 4K ( Frostegard et al., 1993) , H E
PLFA/ 41 PLFA [ HEAE R, Rk H R IEA S RS
2 & (De vries et al., 2006) . \NIE 1 7] LIE ), 34
fbLT e PLFA/ 401 PLFA A9 LM B &K T B
CIE T R, R /AN Y S R 4
AR U OE (IR HLEE ) 2012)  ANGF R TE Bk 2T 5E5A
ST R LTS USRS B A 23 0 - S b A
PLFA &3, X ] BBJE H A8 B okt 12 4% pH A 13
PR EE R T EBAT B, M4 H PLFA 19 & 23 bi A 1
8 pH {E R KGR, B PLFA & &bEE
€ pH {H M D (William et al., 1998) , BT LA
FEEORACFE AN TE PLFA B9 & RSB B%&E, M
LA PLFA (%5 5 0 233 BATHAR, H 2 38 A
TR AN FL BB PLEA/ I PLFA (9 HUAEAR LA K
R, B AT R AL B BB PLFA/4I B PLFA
() AR 5 2 T 5. 0 A, AT R R TN 2 DR AT
AR, W BRI 5 R e 2 W ot S A A LY
S XA e AL Y BEL ZE AR T /N T e B 0, 3 AR
H T DBP AW FFHEE F1BH B R B (Lu et al., 2012,
TN 255 ,2015) K L, 7E 2 A AR A BT R4 s vh
WIN0.5% W BAT e A R TR HABRGE R
TETE.

AHFFE R W A AT HL ST PR 2R X B 22 TG LA
B I P M TR/ I B TR Y R (E A Y
i, AE 4 B e 2R U6 DBP 15 4% 38 vh 5 22 QA
s (X H L E T B &, XA iR S
FERE B BT R A4 S 45 22 S v kgt 4 g
PE R RS R A B YR (Kolb et al,.
2006) WFFEFRA, 22 R E 5 A KAEE R+
B b AR 2 P BH A A O U A B ) A
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5 P (Margesin et al., 2009) TERGF AL PR
B2 RO TR B 2 e T S QPR T, — 7
T s P e ey L 3% T RRURD 22 L 0 /K IE LA
B AR B, 8 2 QR P AR A A K T
F&, AT 3G A 2% 1G99 P T A9 2 LS M (Doan
et al., 2014) ; 53— 77 & T4 22 [P E R BEAS B
B bV et e AR Ay I ) B 5E T el HE 5 £ 48 0 ( Byss
et al., 2008) ,iX 5 Steinbeiss 55 (2009) [ HF 5% 45
— BT 2 G PR T AR IR A 1 BAS B B AR
A A RE | X A IEA BILTS G 09 38 AU (Huang
et al., 2009) , P AN [l b B v 2 g S 2 K s A
AR A0S B 22 R M T S e S R I
E & e ANUE N eV e R 7 N A o [E e S S e
PR A B e (B 3) .

LT v S i A= ) J5T e W - S A W B R
LM Z IR BOT TC R E e (B 4) HETEH R
ZUIE RSN B AT 5 ) . 2 AR S A T W e TR
R ZAEE X T RE S th T BAT % il BB & A 1 Lk
A EY BRI SEAHCE PR R TR 2
FEVE , BRI B AT 2 0 T R L5 o I S 35 LKL 5
TRl LA B B AL TR s B AT ik S BRI BUE Y
B Hs TR 8, X2 T B AT AR s i
TR I AEH ZREPE (22 W B BILTS e 4 BHLE
XA ) B F AR A S A MR E D ) AR K
et B U pl T HG B A e B DR b 3 T AR T B A
RO A HL TS G ), e AIR 4 S G A= W 8 1 s 4R
0,05 T DBP X IR Y 0 EE AR .

FE G353 AT T IR B - B A W VR 4
2222 S 0 KV, Ak B 22 JR] 43 15 R )+
ST IR T 25 0 110 22 S VB . 32 0 o A 4 2R
RH LTI A B 2135 W 2 2 R 0 Ak W
SER2E AR, M AL LTHE G B4 Ak 3
() (R Gl RV 2 A 22 S /N X B T LA
BUBT & B R0 T 3 ) 2R 1 78 S R I A 5 i)
TR EERNE, 5 HEMAEY S
PLFA & Z [ HA M 2 WA SE G & (T4,
2014) TEB BT b s IS [F] 5 8 1Y B AT ok LU AR
RN T IEGAEY) PLEA V&S5 H4 1 22 S P2 et AN
SRR 33X 5 A= W 5T o ) (i FL 235 4 B HEXT 3 454y
B B B A28 45 R 2R A K (Hoshi, 2001) . AL, £
AP B AW A i b 2 S o 2 5 i) -
A YIRS 40 22 S 1 E B3R (1 6) . EL R4
PR I WIRE I8 0 P AR A AT 45 R

8, DBP 5 Yt + 3 tp L4 1 PLFA (17:0 10Me,
18:0 10Me) 8% /D, 4 PLFA Ll 16 1o7c |
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ARG ) DBP 19 B A 538 I AE 25 5 A 6.

5 %58 ( Conclusions)

1) LT B A e AKX SR e
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2) FEAAR 21 38 v s IR R e x4 v R b Al
B ELE MU E Y A PLFA R 75 R 4L R R
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8 E R
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B RCELA B e R AR AR

4)IRINBAT B KT R Y BETE SE R
25500 s U I A= 0 o e T DR v i BR AT M R A 2 IR
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