ISSN 1000-0933
CN 11-2031/Q

A d




L J: 4 A %R

«®'B
&9 (SHENGTAI XUEBAO)
vesmerns b 31 & B 128 20116 A (FAT)
B X

T HA I A 40 0 85 WA BB E A AL HOR T —— DA A B R R A oo

....................................................................................... & %,%—i@jﬁ,%%m,% (3255)
Y ST AR AR I 48 T T A AP BE SN G TSP v e e 7 H(3265)
BT B0 R R —— A B IRE B IBIA ] e WCAEHT, PH 7, /N, % (3270)
FEPLEITE ST A5 R 4D W T i T A B TG mfg e e vverer e g@ﬁ%’@zgf\p ,ﬂi%,% (3277)
o E AR IR AR I A RARACTR BRI R oo WORE,FRE K 3, % (3285)
) 78 K Ly i AN TE AT AR T G 2 A5 0 T cevvvneermnnnneeenni e SERE, FE#E AER, % (329)
KA A DI L LY BE YT cvvemeeemeemeeee KW F 204, T 40 (3308)
Z UL T RS BRI 09 PR JLE S A e IR, AT, F iR, % (3315)
5 F KT AR KRR T R AR T A B AT BARE K AL &% (3322)
AT 8hm A8 Koli =AM ARMEFE RN BRI 5 09 453 ooeeeeeeees Kk, XA, HIRA], % (3330)
R IEE A B LI Ao R M F RO R Y v e FlmeS KLM L 1 6% (3340)
Ph 5 AL AR AN ELELERREARRARRBEMGHrm o g, 5 B, HARD (3350)
A AKE AT R AR R R AT Rl 3 AP AT AE CO AR Rl oo

....................................................................................... ITHEMHE,FTE, I #E,% (3358)
Z @A P AL RANTE TR E T L LA F RS AR oo FERLE, A TR (3368)
AR F 3R B AL R IRBALAE B LS M AE S S eeereeeerree e ot Btk 3k Gk, % (3376)
DT LR kM £ RS CCA M wrrerrrrrreee ﬂﬁiﬁ,}% ﬁg’iﬂaﬂ ,g-; (3384)
AR & T BT A B L MR e Ko R, E RS (3391)
FUAIT T O A 0 IS R A B B o B oo F OO BRLE & (3399)
ABETTHTARBT SR GG rm e EEE EEfk AWK, Z (3415)
T RS/GIS A3 9% 8K £ 7 % 20 A TACBIBF K —— VAT 35 IR ANTE A ] wovveermeermmeenmeenee e

....................................................................................... p}y%f%’g @’fﬁ%%,% (3424)
BRI EIR TG v A SR e WA X E | MAE % (3432)
AT R UAG Ry 69 55 N B G B R T R R A A U T oo B OE,ENEFINLF (3441)
FEREBR AN TS RRIBSMALAGF e ZEE,EUW, ¥, (3451)
A EAF LIEE DGR F CudeZn RARGGHrA o w OWLE 4 EIRE L (3460)
T GIS 897 HAE KR E 5 R EEHPFAEFRHT -+ oveeemermeemenneeens G A&, GAE IR, % (3468)
R A AT XA B K E RSB F A H e x| B R PR, % (3478)
R B e Re At XA 4= 1% 3R W AU RGAR K 09 RALAF I VA VT I KR AL T ] cvvvnnnnnnnnnnnnnnannanaeaaaaanns

....................................................................................... ;g%*,ﬂﬁﬂ‘ﬁg’g& %,% (3488)
A AR LT AR T N4 % A A I o L BB B e X E R E X% (3497)
SRR RB AT T A A S G AR ARR BAREA ARG Yl e FEk, K (3504)
TR 5L
KPR EAR LA A F PGB ART T e HER,F&&E,F F,% (3512)
TR EHR
ALy Al 4 A AR SRS IRAF AR oo kEE B REY L (3522)
R B WA) RO DEM S48 2T ARtk £ &5 R AR AT BLRG B ofyeeevmveeenemesnnneeneees JESLH, R, R AR (3531)
FE R BB GG ATAEE] crreernereainii jﬁﬂﬁi’ﬁﬂ}g;ﬁ’gﬁg‘(ﬁ (3537)
S RAT IR AN A T LIRS A B A R W e BRETR,AS 4 AN, % (3543)
SR MLk B HE AL B v v vrr e i%%ﬁ@?,iﬂﬁ,%ﬂiﬂ:,% (3551)

BFIEARSECN 11-2031/Q # 1981 # m * 16 # 304 * zh * P+ ¥70. 00 * 1510 * 35 * 2011-06

ECEEECEEECEECEEEEEEEE

HEBEE: HRA WL « I 748 S T ——FE AR 1 AR K35 R 1030 8]y A A e o, 2% B 2% AnEg Bl ok, T ok
S, AT AR 2 L0, HDH: AR R Ee g i e = 358 ) B 3 7R 3 AR BR IEAE T £, B R R
By A BRRR

HERME. Bkt TESK http : //www. birdnet. cn  E-mail : dwk9911@ 126. com




A A 5 H 2011,31(12) :3308—3314
Acta Ecologica Sinica

1< HA Tt F A AL TT U AE 3 i3 & o A 40 B R Y =2 i

Wk B ARLLH T g

(1. MR AT RPEE R 1 R S0 2, P R A B g o AT T, st 210008 ;2. W EBLERBeiFsT A B, dbaT  100049)

FEE U WRETE S5 2 3R S R G TV K BURAE b7, o1 F T RAE L3 i K A S TR AR AL . FHBR AR AR D RR 1L i 5T
T A HUILH NPK A S XS A2 307 08 LA W v 4 (0 3 i B AR AL ARRAE 25 SR SR WY AU P A HLR T HLIE AN AR
P T A MU A AR N S i O T R T HL R E RN T R A Y, e LA AU AL
RO IR R) 15. 4% KV FAE A HUIE G T+ S0 U i e 25 40, B e 1 At R A, R IR T R T i,
X LA IR A W S R ) S B S 2 TR 0 LB R SRR o 3R RV A LI Y 1438 40 7 LA 5 al9:0 \brl4:0
16:1w5c A 17109 T HEE LAE 18:1w10c M4 Y R H AR, NPK A0 FE + 3 40 B LI 18:107.,119:0 brl8:0 .16 :1w7tfl
al5 ORIMZE Y IR FIEE  CK AL PR %A W A LR RE

SRR 0 KIS [ AC A B B B M A, 5 Bl R v 25

The influence of the long-term application of organic manure and mineral

fertilizer on microbial community in calcareous fluvo-aquic soil
ZHANG Huanjun'?, YU Hongyan', DING Weixin" "

1 State Key Laboratory of Soil and Sustainable Agriculture , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008 , China
2 Graduate University of Chinese Academy of Sciences, Betjing 100049, China

Abstract; Soil microbial community reflecting soil quality affects the soil ecosystem functions and has been suggested as the
sensitive indicator for predicting change of soil ecosystems. To understand the influence of organic manure and chemical
fertilizers on the microbial biomass and community in soils of the North China Plain, soil samples were collected from the 0
—20 cm tilled layer in a long-term experimental field at the Fengqiu state key agroecological experimental station, Fengqiu
County, Henan Province, China, and used to measure the phospholipid fatty acid profiles of microorganisms. The study
included three treatments with four replicates; control ( CK, without fertilization) , organic manure (OM) and chemical
fertilizer NPK (NPK). The long-term application of fertilizer NPK and particularly organic manure significantly increased
the concentrations of soil organic C, total N, available P and available K, and reduced soil pH compared to treatment CK.
This finding indicates that organic manure application or balanced fertilization of N, P and K could efficiently improve the
soil fertility, and the growing conditions were more suitable for crops and soil microorganisms.

The long-term application of organic manure significantly increased the amount of total microbial PLFAs by 15. 4%
compared to the value in the CK treatment, but the addition of fertilizer NPK had no significant effect. Manuring
significantly increased the amount of bacterial PLFAs from 41.03 nmol/g soil in the CK treatment to 48. 03 nmol/g soil in
the OM treatment, but did not change the amount of fungal PLFAs, which resulted in the significant reduction of the ratio of
fungi to bacteria. Fertilization slightly, but not significantly, increased the amount of bacterial PLFAs and reduced the
amount of fungal PLFAs, resulting in the slight decrease of the ratio of fungi to bacteria. However, manuring and

fertilization dramatically reduced the magnitude of actinomycetal PLFAs, indicating that organic manure and chemical
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fertilizers both inhibited the growth of actinomycete in arable soils.

After the 21-year (1989 — 2009 ) application of organic manure and chemical fertilizers, only 52% of total PLFAs
showed similarity among the three treatments. Principle component analysis (PCA) of PLFA was used to describe changes
in microbial community, and the result showed that change in microbial community among three treatments was mainly
driven by the application of fertilizers and could be attributed to the first and second principal components, which accounted
for 43.1% and 30.9% of the total variation, respectively. Three treatments were located in different quadrant; the OM
treatment distributed in the fourth quadrant, whereas the NPK treatment in the third quadrant and the CK treatment in the
second quadrant. In the OM treatment, bacteria containing al9:0, brl4:0, 16:1wS5¢c and 17:1w9, and fungi containing
18 :1wl0c were dominant microorganisms, while bacteria with 18:1w7, i19:0, br18:0, 16:1w7t and al5:0 for treatment

NPK. In contrast, no dominant microorganisms could be identified in the CK treatment.

Key Words: fluvo-aquic soil ;long-term fertilization ; PLFA ;microbial community
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ANFF SR YR IR 284 S W H RS BT RR ( PLEA ) 2 S AN & A B R 22 55, ] F ok BB AS U
Ay R R T AR 7 R — AR X 45 M R AT RIS T i

PEAER it AT A BEXT +3EFR A S M BFIE R 22, 6 AR AR T RE A SE AT — SEBFST  (ERAS [ AR 3
Jiti FH 45 (A AIF 9 K 22 Jmy B TE 38R W A4 i PR il V2 A5 0 T, X LR - S TR T 5 A
X5

BRI JF AR T N | RN - R — AR R AR X R R E R 3
X, AR R R AR 4 R T B 20% 2o A7 RS A A R 239 0 ARSCA R Rk B AR
A A S A MLICHUIE R0 7 1050 FH IR O BF 980T 4, SR A PLFA S PEFIE 5537 0 1% 80 17 AN )
NEAHE S0t FHXT -+ HERLE W) 224 e B VR 28 A 52 ), 391 220 5 B 42 R A48k
1 MBEF=E
1.1 X5

IR R AE T E R B Al AR 2R 0600 (35°04'N 113°10°E) o IZHBIX @ T2 15 110 B 1R 2 K
S AT IREK & 655 mm, 4EZE K 1875 mm AR V-1 13.9°C, TR 220d 7oAy, il -3 iR i e
WA R E TR AR, KIHH AR T 1989 4FRK, R A/INE - ER—AEm G E X, I iaaiah =
(0—20 cm) TS BRAL A TN A HLIK 5. 83 g C/kg, %0 0.445 ¢ N/kg, 25 9.50 ¢ P,0,/kg. 2= 18.6
g K,0/kg HERLA 9. 51 mg N/kg HZLHE 1.93 mg P,0,/kg HRLH 78. 8 mg K,0/kg Fl pH 8. 65, 41 B4 5L i
BTSN
1.2 AR SRR

RIS LR K 3 AR (1) AL (CK) , (2) AHUAE(OM) , (3) fh2# 0k NPK(NPK) , BN EES 4
W, BEALXZHESD , NXEBN 47.5 m®, /NEFFE KRR N L (FRE) M KIE (R M58 150
kg N/hm’® F1 150 kg K,0/hm® ,/NAEFIEK P (GEBERRES ) HIH 40500 75 F1 60 kg P,05/hm’ . {58 FH A HL
RE LS B4R 0 22 A 28 I S W R I K G DRI 0, AR R A HLIE Y N & i, B 44 4500 kg/hm?
(LLTETR) . APUIBZEHEE kB it AT YE 4T NPK 352405 &, AAE N i AnifE , A HLIE S PK A 2
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TR SR T/ NEWBGRIG I 2009 4E 6 H 7 H, TEA&/NXHRIEIE B R AEBEZ 148 10 4>, /DX
FERIR AT B — MRA RS, 2 A A B4 002, T 00 e A 03645
1.3 RS T

4PLFA 43R FHEIE 19 Bligh 1 Dyer J5 0047 B4R BOMBE A IS MR A1) L - e P Bl R 6 2% vhol
(0.1 mol/L,pH 7.0) S5 FIHIEELL 0. 8:1:2 (MAFR43%50) 2R, $2 IO T #ek R B 5 o] AHAH $2 4F: (silicic acid
bonded solid-phase-extraction column , SPE-SI) J2#T, 4351 H G475 . PN B A1 JC 7K B BRI, F 2 Bl i 193 o H &S
MR, SR J5 PR FH K A ARk (R 610 ) 19 20 B A5 s 1D 2 Y 1 ( FAME) o FH/S0RH € 3 A 0T 1 306 AR A ( B it
GC-MS QP 2010 PLUS) Ml ZE#EHUH FAME,, A3 2514 :30. 0 mx0. 25 mmx0.25 mm, #FAEH 1 uL, R (AR)
P A 50 mL/min, FHEREF NHILARIREE 50°C , 465 4 min, ZRJ5 LA 4°C/min B3 EE THE 2 260°C . DL AR
1) C19:0 PRI,

- AN A R 53 ) FH R R R 4 S v A S L QR | OO R P e e S AN T 42 R Bh e Lb (B
TS, AR G BRI B | IO G RE RN 2 , pH FHBE B s 22 (UK B 1:1) Y
1.4 Bdaitr

K HI Excel 2003 F1 SPSS 11.5 X &di #4775 22 53 AHIC A 32 103 43 #r o
2 HERE5SH
2.1 AR AE A 1 3 5% 5 B

21 AT, 205 21a B R IERH 000 , 388 pH A1 =B3RS kA4 T 284k, OM il NPK b B
3 pH 25 B EUGE , 43 B L CK ARBRREAINT 3. 6% 1 4. 8% , HIEMBIERFAR ; 25753 & OM Al NPK &b
PR E S T CK LI, Hrh DL OM AR BE A SR B IR 2, A LR 4 0 L R0 A U8 s 40331 L CK b B
= 7 271% 252% 1394% F1 241% ;NPK AbBEN| 4351 He CK AREEE N 156% (138% 794% F1228% ,1iii NPK 5
OM Ab# 2 [A] 4358 pH FIRER & 22 7 AN &

®1 FEERLENTEFRSESE

Table 1 Nutrient contents in soil under different fertilizations

Ab 3 A Pk Organic C 4% Total N L Available P HHR Available K
Treatment pH /(g C/kg) /(g N/kg) /(mg P,05/kg) /(mg K,0/kg)

CK 8.4b 4.5a 0.42a 1.8a 64a

oM 8. 1a 12.2¢ 1.06¢ 25.1¢ 154b

NPK 8.0a 7.0b 0.58b 14.3b 146b

[R]—FAS [ s 22 A 2 8 K - (P < 0.05)

2.2 ORI[AIGAE AL X - A Y PLEA B i 5200

Bardgett' ' 20\ hy - HE rP B I 107 2 A0 28 1 T DA SZ e - S Bl A R R 0 A i 24, O HAR 222
A g H T BEERBEAS 28 AL A B B0 W] LAVERR bk R S R R I AR i (R 2)

AARIG |3 FhAS [ it A AL B 4 48 h AR AG 1Y 20 Fh PLFA €035 18 FP4HTE PLFA 5 FPELTE PLFA 113 itk
W PLFA(#3), M PLFA SHCRFE ERHMESE T H YA RE  OM A #d PLFA SR B E ST
NPK Fl CK 4bFH , NPK AZbBEAb 23 i p ks (05 CK bz R A RE . AFRAEEH MG , AR 2ERfUE
Y AR A AASAH R, OM Ab P Hb 20 TR %t B 3 5 1 CK R NPK ARBE 1T NPK 5 CK AbBELZ [A] 25 55 A 3%
OM Fl NPK b3 s 22 [ FH M P IR BE 3G 0, b 375 T CK AL 38 (2 o =2 (R B Pk 1 5 e AN [m] Ak 3 22 ) 22 S
AN AW B R T 4R 4 T A, T NPK M 5 CK AR 38U L %A B 0 el s i e A B, 3
TR AS [ i FIE A BB 27 ) B P o e JE i 5 25 5 1H2 CK AL PR PP R/ 40 A0 LU (30 B 25 T OML AL 3, SR WA AL
FE S0 it P Ak B St BT 1 TR EA) T NPKC it AR AR T ECR E 9], (0 CK AL BRAR HL 3 A 35 3 1 35K
e AR P AR AR S S AR A i, CK AR, 43 S H OM Fll NPK Ab 35t 148% Fi1 149% , 2% 536
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F @K, T OM 5 NPK &b B2 )22 R 3%

*2 HEMEVEDSNERE
Table 2 PLFA for calculating soil microbial biomass
A=Yy WA DT B bR i SCHik

Microbial group Phospholipids fatty acids signatures Reference

14 :0, 15:0, 16:0, 17:0, il5:0, al5:0, i17:0, al7:0,

YA Bacteri
HE Bacteria i19:0, 16:107, ¢yl7:0, ¢yl9:0

[13-14]

H22 [CPHPETE Gram+ bacteria i15:0, al5:0, i17:0, al7:0 [15-17]
22 [CBAPER Gram— bacteria 16 :1w7, cyl7:0, cyl19:0 [15,18]
L Actinomycete 10Mel6:0, 10Mel7:0, 10Mel8:0, 10Me20:0 [13,16]
FH# Fungi 18 :1w9c¢, 18:1091, 18:20w6, 18:3w6, 18:303 [17]
JRAEBY) Protozoa 21:0, 22:0, 23:0 [19]

®3 TRMEARLLIE TIEREY PLFA SEHFIT
Table 3 Concentrations of PLFAs in different treatments/( nmol/g)

QLB Treatment CK oM NPK

AT Bacteria 41.03a 48.03b 42.54a
Hrf.G+ (i15:0, al5:0, i17:0, al7:0) 7.23a 17.18¢ 12.66b
G- (cyl7:0, cy19:0) 11.11a 10.39a 10.34a
TF4AANE (16:1w7¢, 18:107) Aerobic bacteria 7.89b 1.24a 9.24b
HALLATE Other bacteria 14.80 19.22 10.29

FH (18:206, 18:1w9¢) Fungi 10.24a 10.27a 9.89a
E /4N Ratio of fungi to bacteria 0.25a 0.21b 0.23ab
T H (10Mel6:0, 10Mel8:0, 10Me20:0) Actinomycete 14.51b 9.78a 9.82a
JAHAEY PLFA 4 Total microbial PLFA 63.05a 72.79b 63.25a

Gl — T AN ) PR R 22 Sk B B E K (P < 0.05)

2.3 ORI[AIGAE Ak B A SR WA T SR 5

TR R, R — B ZE DTk 43. 1% , F 0 R J7 Z 5Tk K 30. 9% , W Z Flik 2|
74% (K1), AR RGP AR SR, FEAS AT DI 280t AN [R] AR HS it AL B A 3 IX 43 FF . B 1 AT,
CK AbPE 5 3=l sy — RIS M IE A JEOC R, 1 5 o — A HEAN K ; OM AR B 32 o — 2 50 BE IE AR G
K F IS 3 a0 — R — R Y A G s NPK AR B 5 F2 l or—F0 B R U &R F R0
B 3 A AEFEAREE LRI B 2 [ H &, BN (A ISR 0t H /S 3 b B U E R 4 A A T i
FA,

T 30 R B PR T AT 20 (T 2) |, ey19:0,i17:0 ,a19:0 . brl4:0 9Mel8:0 16:1w5c 17:1w9,i19:0,
br18 01 18:1w7 ££ T Mo — T BT EE &, & Er — M B R T, 17:105¢.,cyl7:0,16:107¢.i16:0
br15:0.19:1w9 16:1w5t,18:1w9 Fl 18:1wl0c 7E F A5 — LM EE S, B FE N i ERE T, 458 %
B RIS T CK AbH NPK ZbFEH ) 18:107 ,i19:0 . br18:0 ,16:1 w7t al5:0 Al br22:0 %5 PLFA 257U 5 2 i 2 14
i, Bk br22:0 103 - 55 A 34 PLFA 4, HoAy PLFA JEAR AR RANE , Hi al5:0 FRAF L [CPHTER , 18 17
F1i19:0 FLAEF 22 [CAERE . OM ALEE a19:0 br14:0 .16:1w5¢ 17:109 18:1wl10c Al br21:0 & &34 fin g & | H
H118 :1w10c FCRE R, br21:0 FCR LIRS, HARMARME ., CK 435 OM Hl NPK ZbHAH b, 3R
FUEZE A ) 10Me20:0 [ PLFA & & 338, fh b vl 20, A AU JCAUAE K 096 2 25 82 & 7 g e g, o
NPK X > FC AT B B35 e A B (U2 i S5 BRI T Ok i B
2.4 +HEHUEY) PLRFA RS IR L AR

FASCAI BT R, I ) PLFA &t 5AHLAK A% BB RIS & 2 2 W IEAHSC, TS pH 2 18 3%
A (F 4) o LA, 5RO A K D) RE A 45 T 75 RE IR RN SR 40 (R ok R . 38 pH (B FEAG, Bt A2
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559, et TR A (R0 pH X RCE W ML) , S BT T A g i i A b S P I 4
B, A TFRADIE

20

CK . 19:1w9  17:1w5c :
151 bris0e o . 6117'0. )
. 0.8 - 16:1w7c § 1160
ol ] . 16:1w5t
e = 04} 161wt (M0 brié:0e * 230
& 051 EN i17:04 & 10Me20:0
2 ; 18:1w7 & cyl9:0 17:0
S OM 01 e e bris0 v 19:0
< ok ek S o al9: 17:w9
0 i19:0 . br14:0
X 8 br21:0 ® 16:wse
& -04 ®br22:0 . 9Mel8:0
-0.5 ® a150 @ 15:0s
Lol 0.8 |- 18:1w9¢ @ 15:1wl0c
-1.5 ' ‘ ' ‘ : ' : 71'—21.2 —ol.s —0,14 (; 0,14 o,ls 1%2
2.0 1.5 1.0 0.5 0 0.5 1.0 1.5 PC1 (43.1%)

PC1 (43.1%)

2 FEIGEARALIE TR A RS PLFA S E F ik
Fig. 2 PCA ordination of PLFA profiles of soil samples in

BEl1 REHEAEAE T EREYESE PLFA BER S5
Fig. 1  Principle components analysis of PLFA profiles of soil

. . e e e different treatments
microbial communities in different treatments

F4 TEFMEY PLFA ES5TEERMNAZR
Table 4 Relationship between the amount of PLFA and soil properties

N g AR
IR B L 24 H B
Soil properties b Organic C Total N Available P va ’
PLFA £ Total PLFA -0.786 " 0.955*" 0.963 ** 0.914 " 0.738 "

# B A (P<0.05), * = P FAHE(P<0.01)

3 HFitHitie

AU ATCHUIE K] — R B R & T 3R & i, Sl OM AR BRACR ey 2% . 4 pH W 2%
WA, Lh NPK b SRR IR Ry ek, 7T REE T R A BUIE IS PR W B 25 U 76 e rh sk 8 >0 sl 13
s FU AL VE P = AR Rl 1Y T 398 pH BRI

AN TRIRE AR Tt FH ke ol = S0 5% 70 35 NP e A 78, DT 5 5 SR Gl A e A 5 A R A W A A ok
A5, BT, TR E X HE WREE M A 2 R IE SRR — 3, Lovell %) fl Bardgett 55>
KBt A R T 40 B AR AT R o O R A AR S R U E W . AR, E AR E A 1
BESEIAE Y JEALRAC AR TR A R, FATD A& B, AT T L e 9 PLEA FREFVECE:  (HEA
I FPZE AL LT A Y PLEA BOR2IRIE AR, A HUIE S H T LA R 2R I DR A HILAC ATt 4 v 1
S APA LR, A USRS A SRR A e R B BT IR0, A R AR R
FHEAC S PRI, R E M A R AR AL T R AP PRk R PO RN T S N B S A R8GOy
TET 5 A LAE — s I 1 R T A K, 3% 5 U 7 I 2 AR — B, AT A 4K 0 B A o 214
KAt PLEA SEIRN A B i A HUIE R RESE I 1 i R s, Xl g5 S RIR AR D7 1 AN R, 6 A el A=
g it JIES Fy e AN ] A G, IR RER AT ST . NPK I RHT- At OGS 4 1 [R) AR R A 4 (A A Bl
HESRZ ;O B A L L OM AR BREE R (HARA R /K, CK AL b 3B PLFA/ 4Hi 1 PLFA 75 Tt 2
Kb -4 FWTACA R T2 T AR R T TR R A T B R SR A SO I L TR SR A (I ) 1Y
ANIE) PLEA ZEASF HEAF A e AN [, A ALICH LA T B2 e 1 S A v 5, T HG 2 2 P PR (ELR 5 22 1
BRI B G U] S S 5 A LAt P o o 25 I 1 S e (E X — BB A LA NPKC RS- A6 it 114 4k
FR 05 B SOV AR ST S SRR ], AT BRAE £T38 it A Xof 2 22 [ 40 P R U200 T ) 2 1 35 BT B
WA BEAE ], T RE S AL G TR PRETSEAS A AL PR A O, DUl SRRSO S Wy R mi i, 7 2225
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B IEER,

A RKWIMAC & T L3 PLFA 28RS IG5 AN L | +3 PLFA S5 pH &2 10 5 A oG (3£
4),1X 5 Baath Al Anderson'"*) 45 Je— 35, M TIESE A= 9 e HOR: FUR PLFA %0 5 + 3% pH 2 W E A,
EJE W B ARTF T Clegg ™! 5L, BIEL B PLFA B Rz 48 pH AR, TR LB, A HLIE it ok % 5
TCHUAE FC it Y A b - S D)2 a15:0 ,i15:0 eyl17:0,i116:0 ,16: 107t F1 10Mel8:0 AYTHAEY MALEFIRE, A HL
NEFITEHLAE b 38 + S RUE M LA PR AT R . 75 OM B A LI a19:0 br14:0 ,16:1w5c Fl 17:1w9
MEF LA 18:1wl0c 5F PLFA KRG Y A PR, NPK A B A0 DL 318 1107 ,i119:0 \br18:0 16:1 w7t
Fl al5:0 55 PLFA 258 T A L3RI ; CK AL B b s W S (R LA
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