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Foreword

It is a great pleasure to be asked to write a foreword for this book ({ Soil Microbial
Biomass—Methods and Application)) by Professors Jinshui Wu and Qimei Lin, Both did the
research for their PhDs in my laboratory at Rothamsted. They were outstanding students and
now both are highly respected scientists with richly deserved international reputations. We
have published a number of joint papers on the soil microbial biomass and its activity, based
upon work directly from their PhD research and then from later collaborations.

In a book such as this, it is essential that we first consider the soil microbial biomass
concept. Here we are considering the soil micro-organisms as a single unit, the microbial
biomass, just as we might choose to study an entire forest, rather than the individual trees.

It is also interesting to briefly review the history of the development of the methods used
to measure the soil microbial biomass. They go back a long way! In 1966, Professor David
Jenkinson FRS showed that the extra carbon dioxide evolved (the “flush”) when a soil was
fumigated with chloroform, the fumigant removed and the soil then incubated under standard
conditions of temperature and moisture, came from the cells of the killed micro-organisms as
they were mineralised by the small recolonising population which subsequently developed.
Calibration of this “flush” gave an estimate of the carbon immobilised in the cells of the
original soil organisms (the soil microbial biomass). This new method (Fumigation
Incubation - FI) was published by Professors David Jenkinson and David Powlson in 1976. It
was a breakthrough as previously the only way to measure the microbial biomass was by
microscopic techniques. Anyone who has attempted this will know what a tedious method it
is. The FI method did have some disadvantages. For example it did not work in acid soils or
those containing actively decomposing substrates. However, it was, and still is, widely
used.

However, in 1982, things changed when we published the first (a method to measure
biomass phosphorus (P) of a series of papers describing the Fumigation-Extraction (FE))
method. This was followed by biomass nitrogen (N) and, finally, biomass carbon (C).
Then, the new, FE method is basically a chemical procedure and has none of the
disadvantages of the FI method. Jinshui Wu made a big contribution in changing the biomass
carbon analysis from a tedious wet digestion method to an automated procedure, Later, Qimei
Lin made a similar contribution in his investigations of the Substrate Induced Respiration
Method and, controversially, in his work which questioned the value of soil ergosterol as an
indicator of fungal biomass.

Our FE methods are amongst the most widely quoted papers in Soil Biology and



Biochemistry, the leading journal in this field. The methodology has been used in a wide
number of situations. Research includes studies of nutrient fluxes (C, N, P {md S) through
the biomass, effects of heavy metals and pesticides, the biomass as an early warning of
changing soil conditions, biomass dynamics in paddy soils and many more,

It is exciting to think that this book on methods in soil microbial ecology is now available
in the Chinese language and I hope it will inspire and help many others to explore the

fascinating topic of the soil microbial biomass.

Phil Brookes

Rothamsted Research, Harpenden, Herts, UK AL5 2JQ
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H1E M &b

MEMRBR=KEYIRZ — EHREBRATEERLIBENER. £LHP,
MEYANFHAEZ, MEEYLELIBRT4ER N L RWRATE AR ELS B2 R
AR ERAVNYEME B REHYFI TRENBALSHAIBR P REXLBER. HFR
TRMMAYRHNE, RYM L EEMESENEEAR.

THEEEBELREPEBRNF 5X10° pm® WAEYERI L BEEY, TECEEA.
W BEEARRESHYE., ESHIE, LEBREYHTARRKBETFAI=ZANE. B~ E
RAE20HE 70 FRM, FERRAKENBHEREERSFEMR LM LD RN
Mk, EEX—REHRKEHR ERMARB L RBUEYOR 4, AHERBRE X B
REZHUIBER. B HBREN 20 A 70 FRRPF BN L RMEDEDRARG
B, ¥F+WMBEYHE R, BARRERU UL RBEYNED SERB(EEBEYEY
BOENRIEELFBE R /NS, AR R THE L EEEDH N ERBFABROER
MEE RN ERMBERDOAREE. R 30 ZENTR, BHNCL2ERT -85
BRBIRITEER. B=ZTHERE 20 2 80 FRAMM AL FEERAFBH T RUEY
MBREHMMEEEHR FHREETEXR, BXBEN S FEYEFT HEEIAD L HME
YIBF S GUE, 30 BIOLOG . + 3 4 Wy IR A 2 F 478 .RNA 1 DNA i FF LB A BB A
%, EXHEHARELETFHERZP MEREBRBACENHARIEER.

PUYETREAR . AEEEBN T T BMAYAYRPHEEUZHAN. REEHNHEUL
WP GEERRBEEEIRB T EMEDE VRN ER. BT RP B MED L
FORBARE , A REZE S B 8] 9 58 2 BUR DS , A R R B4 Y 40 0 O B A 46 4, X s 3
AR W R B+ ME YA YR AN, ZEERIAB Y Jenkinson M Powlson M 1973
FRFG . HRERARERKRKLBEHEY, BEIERBEHTLBRY CO, BERN LM
EYEMRIE, T 1976 FRETRIIMRLER BT THELRMEYE YRR E K-
BRE . ABNFERWEN, BERXERELRBEYEYRIE LHNA REE L BME
WHARTEHA—IFHER, LAEEBEREN. AA,ZEH Anderson fl Domsch(1978)
B THELRBEYEYRYRYFESFRESIR 5. HE, XBR 08 8 n, X
R BALE ZACGEFREED WER LB H#, B9 L EREA. G, FB5E N XEIE
#HFTTHRIT. HEBERARY Brookes 5RAEAEEMEARARAMERER, B TE
HEERE BRAEAEE BN LR E YRR R RN E TS, S WM EYE
VERYMEAHR LFSZERIB/BUER.

FHERFOR RARTH L BB EYEME T, FREBNERRETUAE—N
T S Bk S A ) S BRI, (EAN AR BB AE 0 L A R B R B, AR BB AE 0 K e+ WA
YW EHFEEZ LW RERRIER.

7E 20 4 80 SR F WM AEYEYBRHMEME FREKE LRI WHELERR,



2 TREBAEDEDERNRFTERAEA

EERBAS T BAXRERMEAUREXABERRWESRERPOBHXA. N 20 #HE
90 AR, REKFATF BN E L RMEYEYBROBRMBI T %MD LW EYE
MEHR R BHNEAR%, URLRE AR RBEFTOREIBETR . XETREN THRALNR
TREVRAEMFDEANE, AR RREVER T RENERARRETEEZEE, R
P RERBEYAEY BRI ET RN ANE.

TREAXRMSBUEFNRBRNEZYRERM. £2HREEN, LHBATEMR,
Bt 75 R R BE H 227, P E R BRI AT OARBRAMERESES, RELERR
BEABRZ MRt RE RS FRF L RFARREAERERAZLESESEENEEKXI.
TREEYEYRE L RBIERNRS 5 LR AR AE TR, Hik, i3 -+ 96
AEYEBERR . N TREMER LRE S, BEBIEE,

ATHERBERBEHNFIRARNTE, AHN L EMUEDEYRBOE XTI EH#
TTRRAZNNG, RN &7 kN AEE S RBEMLITE, B ERRALBRPEES
BRTERBEE. FHOE 2 ENFLRMEYEY BRI BWE T %, 3.4.5 HF4
B Y RIS AR B R A0 I R AT 8L 5E 6.7.8.9 A BN B EMAEY AR
BORGBERBE TR L0 EAERYERE B L ERFRME RSN T L. 128
B WWE .



$2r HEMAEYHTEE

ITHERER EEENHEDERE, FSHEYANBEEXR, MAMXEL FEG
FOE EEABEZE=KRA, BT EBEEROES. L REEYRBNE T4 RAI=K
B —REREAEFELERKPEBRICRHTAE L ENEYNEER AR EFRITHE, FE
% Wi Be¥-#k % (Dilute plate counting) F& KR i+ (MPN, most probable numbers) ; —
(RB LB EYRA)E, EBHME T WEITH, Y H # 5 K & (Direct microscope
counting) , AFEW H & FHIREF BRI BES SR EERE AN L 5B MR
H ok G F#H 1T E , A B0 5 Bk (Centrifuge separation) ,

2.1 E %tk

2.1.1 HW|E

ERRZGT, , LHEFHRBEBMED L THRIRRE, — B AL W H R BB (35 5
), — e YR REERER. Bl RIBEEFEERERSGMEYRER, TUMAE LR
FRAEYKEER . X EMEYRENRE T ERAERITTRE, FERAER BT IT R
(PR B AR R M R BRAR 8k .

BRSO B A A R DML B ER N LG ERRNERE b
ERFER—TEE . REERHOEELRITEMEYORE.

BABRKRITBOENER R BN ENEYERBER T HY 44, HERERER
LeWEE EERBARNMA, BRAPREYH BB BREEL, EIBE-BREN
TRBRBEMDEFEERFE BARRIOLAMEYEYE. RERALABENRKE
BREMOARFNEEBEE . FARKIA TSRS HEY R,

2.1.2 HEEEE

— (KM B )

HHANEREMEBEAHRE ) TREFTEN SN M EDRHREEEFRE, RN
BCE SR 2T, e 121C T RKE 15 min, B H F 45~50C . BEBIUG A9 15% 32 2 0T n B 8
B

—BERE

FOBRR=ARAEENBREKE BRE( ol 10 ml, B O AREEREHE REGT
KA FEFMO em, AFEKBIFRXE MBHEE.

A XX

(D - WR B R



4 EX P EX EX A P YE YN

B 1 (<2 mm)10.00 g, MAZLKEKNESR 70 ml KW OF  ZELERKEHER
BE ARGV LR 10 min, lh 107 LB ER. REAXEFNBRERR 107" 9K
BW 10 ml, A KERER 90 ml KK OHEF, ZEREE BEHT, 0B 107 LERRE
B, BEARKRES 107107 107 M 10 RA L EHBER. L RBREHEXEFRETH
T LA Rig B,

AR T F-F ik E

MR BRERN L RBRRAF(AENBREEEA 1010 L RBRER,. HEH
107H1 10 F BB W) WL 1. 00 mI(MR AT A , AR BARLERFM P (FEESEHR —KRIEE,
HEH— BB BEHIEFMATEA 45~50 "CHIEHE 10 ml, Y ERAYWS . BBERE
B BN TEFE PSR, AEMBREBEE2°CTFHER7~10d, EEAE 25 CTHF
3~5d,

G FERIT

REFEAARMEFRE HAE BEEMAERTRAR - M EHRE LA K, FUBHM
MABMEMHE—-PHNE, HBAELN - BREEE EENEL 2RO, LWEHEKA; M
MREE 2 2R, 4. BEERRMTFR, FLHAEBERE/NIEL., BRENE
HEMAEPEEBRHEU.BESHETAES 4. BEEMEER, —BERE HEE. MW
E FBESREINE, FREBERRGE. |

EWMEHBED  EAFMBEENEER R 30~200 M. EEEE BN 20~40 ¥ 15
FMES AN BMEFHETELEBHANERER. WREERES, TEHLSR 2~4 Z4#T73H
. MEYEYERADGESMAEYARNER/NNEEITESD.

WitE

TIEEAE BB (cfu g )=MD/W
R MAHEELFHEGD ABBESECW AL HETHRE (2.

2.1.3 BKATEE(MPN)

— K ) B2 4

BRERHSHBLPREELAMBAKEZE ) , RARBEERN, BREEP AT ML .

= NERE

REQ cmX18 cm) , KRB B ERE.

Z BT R

DL ERIIBBER P H S

ERBEVFREHSIEAFIBER, —BEH 107 ~10° BB,

() EM R F

MERTBRIIBERTER 1 ml BRI B FRIFHRERKXEBREERED . EIBEE
BEI~SK ANREZAXME,URRESHEY . HMAEYRBMEKBEERR, FEXR
HRIMBEAE S EME R EREZN(FE 2D, BIEREYRR S 28~30 CIFFH 7
~30 d. HEFRERAT, 057 IR 9% A9 AR 30 BR S BRUARAE I B7 B9 3R 3.



2% rgmiAditsok 5

221 LBHEETMNEGEREE MPN ST &

WY LR = REE HERMHEGWD TERENE
HALHE EOBREAERE 10°~10° 7 mzE KRG HBRIEEECRBE
AN I R I BB s
EHMAR 3.1 1072 ~1077 14 B TE BRI & 20 %6 M BR B8R ) B
b §:)
WA 3.4 1072 ~107° 14 I AR AR B — R MR A L B s
HRE, mBEAHEN I RTER
R4 3.5 1074 ~10"" 14 R4, o VR BR R K 3K B R
;4N
HEERE 3.25 1072 ~10"° 7~14 XREEEBORNFVRER
FRUHGREARE  3.14,3.15 107 ~107 14 ggtﬁﬁ@ﬁ%ﬁé%ﬁ’”ﬁ
WA R TSR 3.16 101 ~10-°  14~21 ggtﬁﬁéﬁ%ﬁﬁﬁﬁ,mé&
WAL 41 3.7 1072~1078 21~30 fn10 g + L7'# BaCl, BRI 3
R A 3.8 1072~107" 21~30 ‘ESEHABETR
W ox RS RRBEHRET FHF—.
3 HHE

EEBAREYERNBRE 3 MRBRE P SR A Y8 9% 0 B AR BVE R Bk K 454

MBRBARIER MR PEHBRKRRAPOLCUE, B TFIAR T ERES MR,
T RHEEY B R (cfu g7)= MD/W
AP MBBRRREGEIUE; D hEBHAEAFNBRERBELW L ERTHRE (9. ‘

Bl L MAFIMER 1 ml BFF) 5 MR BERE0T~10 HBEBRR LT H A
W& L0 MBS MPRAA 4 M HBEE: B 0 BERMWEA 1 M HBE%;
BEMIOTHBEBRNEBREEE. BRI L RMOBMEDEREGEY 41, AR AZREE
(MR=,RDBARBRKRALCEREN 17, RUSE BB BER10°, B U - 38T
EERENAHAILHMUEYRE.

BEVERWBRBEFREL YRS, EERFAEEERE ) S RFNESHM
FEPRRLEVERFLARENERIBBEENEE. SHAUBRFERREUTRAABEE
HAEENTFREE. WRUTHRBRIHA T MEYEE, SR EAMEYEENES
BB =MEE. AW, 107~ RABBRUANED) R EE O RTS8 N 4,4,
32,10, XBI10TMERLAEENTFREN LEXMIT—BRBRE Q0 ) HFHRE
E IR EZELMOBENERKIERY 433, ERBRARABGELUE Y 30, H BB S E L0
(B HBEYEE N 3.0X10°,

BEHE R A0SR BB WA K RO TR I WL At B A A K TR B AL 3O, WU B
VERBB P ARSI AN EXHEL TRABTEN LR RHBITHE.

2.1.4 FEFHM

BAIBRIT L MO Y S R IR RO, BT S E TR E L M T 5 R
IR 28 20 B A W O, A3 A L ORI BCR 46 B R T F 00 S FT S 36 00 L L S TR T BB 1



6 IRBAEDEHERNETERKAEA

MAEMMH, WEAHE S RECAE BRENERES. AT EFERNRER,
BB I R 7E 55 7 2 b PR A K KR, F BE ST AR B V8 R e R IR AE B L B AE MRV B, TOOK R
LMBEYHBEAEEEFE EAER. A ERFE LB RAEE TR SN,
WEHTRERLZ REMERORFTREE . BHit, BRI E0ETNENMEY R, E¥AE
TRPHRAEYLRRERN 120, AR LR E Y T RR. o, B kA T
ELRFAEFHMEVRER WEEROERENETEBEE.

2.2 A& sthitsck

2.2.1 |{E

BT A M B R P T SR SR B R PR, B R 7 B SR A B R K Y B VR SR Ok ] 4
BERBMAEYEER, —BRENE L P RON—BOMEY. Bk, - EHRERETE
BERITEE, ERABERAE FEETENES RS, - RORATHTHRARE,
By B R X X 51 5 ) 5 A 0 40 B 0k SEBURE, 3 B XA 48 FDA % 80 Fr o 52 35 B 4 MR
FITC 383U 5 1% 40 B 2080 07 1 .

RABHEAFE - —EBN T HBERREKERIE A £ AT REEHTERIT
AT FH3E B BB+ S B A W R . by T O A 0 3 0 P 3 45, 75 0 S, A T 77 30 2
TREFERBEDRE.

THE T IR B A TR R R A R B I A — B B IR, FE AT £ 5 A R B 3
hnis, —E BB+ -FE B R W ] RB S R B HTERI B R A R R
T MEYRE .

BUL R ERFE L EBFRALEARE. R—ERNBBBRR G, AMALE
R XL BB AT SRR T A R R S A R .

2.2.2 FPAFBBRRENEFTEHLY

— A B

BEMREL 22 vh ¥ (0. 06 mol « L7'):8.28 g NaH,PO, » HHOBF 1 L & FK,10.68 g
Na;HPO, « 2H, OB T 1 L XB F/K: BHMBEBRLE 28 : 72 WHLAIR S, AW pH RS
+ 8% pH H KX BUHF .

FDA J % . W7 —.

BRI W (1.5%):1.5 g BUASE F 100
ml BEREE i (pH 7.6),
ZBBiRE

BHEHFE2-D,B5HH . KABHES. B2-1 PE-ERESH
Z RETR SMEER 1 cm?, 4% 5. 64 mm, B ER 3. 64 mm, &R %

(l)igﬁﬁ AESBE D %Y 1.7 mm Bl 8 X R # 47 ( Trolldenier,
X 10. 00 g i & + (<2 mm)F 200 ml %% '



F2F rTRMAHHEE 7

B HA 95 ml 0. 06 mol « L' BEMEER B rp W, 3 R ¥ 15 min,

€3} 32 '

Bl ml HBEEEET 15 ml BIKEF,MA 4 ml BEREZWHEB, FMA 1 ml FDA %
BW. ZRTHEFE 3 min 5, WA 1 ml FEER, B,

W MgER

BO.1ml ER+-FEB-FIRBESRI IR TR 2-1 IR L, S LB
R AR BMBERTERITR. BRHTBTERLT XHHEIEEN .

WDWiHE

THEEALZNAEVERRREYRBRITE T EREEER 5.

2.2.3 FITCHBERZENEBHEY

— 3K B4l

Tris-3h BRI I [c(C.H1NO;)= 0.05 mol « L"]:6.35 g SR TR TF 800 ml
EEFK ARERAY pHEZE 7.5, EBE 1L,

Tris-#h BREW I [c(C,HuNOy)= 0.2 mol « L7'7]:25.4 g ZREEZXF LR F 800 ml
EBEFK ARERAY pHEZE 7.5, TBE1L,

INT W:2 ¢ |AL 2 -(p-BURE-3 -p -FHEFE)- 5 -ENEMWET 1 L Tris-HhMRE® 1.

NADH-NADPH B & %% :0. 4 g NADH #1 0. 4 g NADPH & F 100 ml Tris-#h B3 [

FITC Je a3 . WLEH % .

PR E-EHMREE B W (0. 5 mol - L) .42 g NaHCO; 3 F 1 L 2B FK;53 g Na,CO,
BTF1LEBFK. BE 80 ml NaHCO; # 100 ml Na,CO; BB S, IFEBF7K 500 ml 3#
AY pHEZ9.6,F8FE 1L,

EBRABEEG Y%, w: v):8.39 g BBMM (Na,P,O, » 10H,O)FF 100 ml £ FK.

BRRPABEWB[c(Na,CO;)= 1 mol « L7]:10. 6 g BKEHAE T 100 ml £EF K,

HMPEB B 45 ml HMF 5 ml 1 mol « L' BRERSAB W+, 125 .

BERREE B K (0.0l mol » L™, pH 7.2): 1. 38 g NaH,PO, - H,O % F 1 L B Fk,
1.78 g Na,HPO, + 2H, OB F 1 L XBFK, BHFHBERIE 28 : T2 WHHIRE.

FALHBEH [ c(NaCD= 0.15mol « L™'].8. 77 g MALHABEF 1 L EBF XK.

AR .20 ml ¥ TF 80 ml B F K.

BB ERE

AR (100 mD) , BEREHL, NAR OB, A B KRR, BB (B 2-1), A, HB M
5%,

ZBREIRE

(OO i x;

B 1. 00 g $#f + (<2 mm) F 100 ml £#F F, A 20 ml Tris-$E BRI T , FIBEHEHL(E
HHEEE 1 min,

)%

B2oml ERTHEBEBRTASETHEBEF MA 1 ml INTER, BMA 1 ml
NADHNADPHIR S, 7£ 25 "CH BB &AM THH ¢ h, BMA 1 ml 20% BPRABR,



8 LRMAEBEHENEFTEBRXER

4°CTFR®E.

OB MR

¥ EREAE S I L BB AR EOR B T 87 Bk, (AR Gl D) 3
50 WA B AL 2 min, AR HEEEH 0.01% (v: v), BO0.01 ml IBA WY 5%
HFWE 2-1 IR BI A EEANARRER, TERIT LA TREN FITC e W
efs 3 min, PeB/5ETF 0.5 mol » LT BRBREL-ERMREZ B B H 10 min, B A 5% &
BRI R R 2 min, BUB A EEFABB WY,

€3L:-7 .4

WHREHRERTRE. M—RHMWER, 2 LBE A EE, AP BMEHTER T,
BAEFES LERE R 5.

5)it®E

TRFEAENEDRBEANEY BB T E T ES RBIEE R .

2.2.4 IRBEMER %

— VKN B )

B7H8-Decon 90 YW :1 g HARYE T 100 ml BE K G 0. 20 pem FRBD , KR, F S 20
ml Decon 90 # B (12 ml Decon 90 F 100 ml BXEK)IB & H4],

BBMERB S ¢ XBME T 100 ml BEK,1 g EMER T 100 ml TE KK 15 1 1
HBRE; Bik4: 1 SIKBERRIBA, 0.2 pm B .

B ERE

A] #2 @ AB 75 B K& #EHL (300 Ultrasonik NEY) , A &8 B $EHL(1. 5 V,0~2000 rev «
min~', Kanke and Kunkel EKA-labortechnik) , & % %% , B # % (Camera lucida) , i1 3R} 4k
(B 2-2), %3 H (& 0. 47 mm), i & KX F K (Canada Balsam),

A 2-2 i BRI BOR (B A

ZBRHETR

(DLW

M 1.00~2.00 gURIE L J|MHAEY B E)<2 mm HF# + T 100 ml BRF 5, 40
A60 ml 60 “CHYBRAE-Decon 90 IR G . WK E FBFA KHFEI AP (L EHEIBRS
BERABEERTKE), R RALAE 15 min, ZHHEFKAETES,FEEKE 60 °C, AR
W@ mE B T WHSR R . AHEEEESERE T MR IER, ERERAERT 30 s &1k, K
HABITE 10 min FER .

OB H A H &

HRENE ]l mm)BALE-HUBBTBEBE T 1 cm 4, RIS 0.02 ml B2, R



F2¥F TRMABHHE 9

A MR BAR E LIS EES AR 0.47 mm), AHBEEAE - BRAELZEFAKHNE
0.2 pm BRI P . EHEELFTE. SIEKRELBAANFIRER W4 KER,

€)Y 3::)

BHEIRHARBIEERIEA L TREBNAESHEREF. 1 h ELAXE AN, B
FAOS BN AK . ZEFIRER L —RMERFIR, Z LW EHZB T, BB BIE A, T K
ABRFE.

WER

KEIRMA B TBMET ZEBE LA New Porton G12 43 85T 508, RIE £ 2-2 #4F
BB, U B R W A BRTE A BRI S0 B 8, RS B0 Cln i 38T ) 0 1 th B3 48 (4
BE. RO HMEIRTH.

RIEMEY DR 11 K(F2-2), ERFA0.34~0.97 um HRHFE 1 4, HBEMRK 2.0X
10* pm? (M F New Porton G12 K BEA A L AMBAH#H) . HRBRFE 0.97~3.13 ym
BIRE 2 AL, HBEBN 2. 1X10° um® (MR F New Porton G12 A BB K AT H#) .5
1M 2 AAMBETER. HB%E 3. 13~16.00 pm WHE 3 4,7 500 FFER, H I E
R 3. 7TX10* pm (R FEHEMRBEHA N A FHRER) . BEEMEYTHHR 8 R, Wi
500 AT HATEA, R EHFARE M AEYHE 3 4. BERMEY K ERA New Porton
GLAKEBFrEENE MKEVEIEHSEENLE MK, BANLENEREK
B AT ENMEZE XN T ERNE. 8—4O0HERRRMACER 20 kK, R
20 W BT SE M A B A BT 40, ML ZTINE 20 K.

%22 HEEWMERHWTNHAER

HRER HRERER 40 kR MPABEEER
(y.m) (y.m) (y.mg) (#m:\) ﬁéﬁ&%ﬂ Hj(fg&
RE#MED

0. 40 0. 34~0. 49 0. 034 0. 02~0. 06 2 1250 (T4
0.57 0. 49~0. 69 0.10 0.06~0.17 3 1250 (48D
0. 80 0. 69~0. 97 0.27 0.17~0. 48 4 1250 8%)
1.13 0.97~1.37 0.76 0.48~1.35 5 1250(h4%)
1. 60 1.37~1.93 2.15 1. 35~3.76 6 1250 (48
2.26 1.93~3.13 6.04 3.76~16.06 7 1250 (88>
4. 00 3.13~4. 83 33.51 16. 06 ~59. 00 6 500

5. 66 4.83~6. 83 94. 94 59. 00~166. 83 7 500

8. 00 6.83~9. 66 268. 08 166. 83~471. 99 8 500

11. 32 9. 66~13. 66 759. 52 471.99~1334. 6 9 500

16. 00 13. 66~16. 00 2144. 66 1334. 6~2144. 66 10 500

REE#®LEY

1. 00 < 1.21 0. 79X K& 2 500

1. 42 1.21~1.71 1.58X KB 3 500
2.00 1.71~2. 42 .1aX KB 4 500
2.83 2.42~3, 42 6. 29X K B 5 500
4.00 3.42~4. 83 12.57TX K BE 6 500

5. 66 4.83~6. 83 25. 16 X K FF 7 500

8. 00 6.83~9. 66 50. 27 X § BF 8 500

11. 32 9.66~13.66  100. 64 X K 9 500




10 TREBAEDAEDERNEZFEARLE A

BG)itE

WREFERFTIEMBEDRBREFHEOTR T EMAEYAEDERB, B L EE
(1.1 geem™) TR 252 MERE 47 %) 518304 W A W) B % (Jenkinson , Ladd,
1981),

B4 0.49~0.69 pm RILMAEW A 20 KEKRPHWE RN 20, BB HH Y 4.0
X10% pm® (20 X2. 0X10%) , W AT 5518 3 8k B4 (MG W H T2 K 0. 1 mm) B9 + 38 i & (Ms)
H6.7X107° g(1/60 X BEks M B X 107° X 0. 1 mm) ; BAf7 + 58 (o) LB M A W BB (N=
20/Ms) g 2. 98 X10° cfu » g ' s A SR V(0. IXNX107°)HK 2. 98X 10 * (mm® » g '),

BT T A BRI A W A BB (B 0. 424 pg - g 1)
Bc=VX1.1X0.25X0.47X10°(ug » g~")

2.2.5 FEidEE

— VIR 7 B )

Decon 90 & : B 12 ml ¥REEW F 100 ml £ 0. 2 pm JE B B K

B KX % W (Loeffler methylene blue) : L jff 5% —.

MY B # (Acridine orange, AO) ¥ - WLJH % —.

NaCl B [c(NaCD= 0.15 mol + L7*]:8.77 g NaCl 3 F 1 L £BFK,0. 2 um BERE U8

RN R S W W (0.1 mol » L7'):21.01 g G HO; » HLOBWF 1 L £5F K,
53.61 g Na,HPO, * TH,O ¥ F 1 L B F/K;HX 13. 6 ml.21. 6 ml 1 30. 7 ml ¥ EERR VA K
535145 36.4 m1.28. 4 ml 1 19. 3 ml BEBR G IE MR &, BN AR % pH 4 6. 6,5.5 Fl 4. 0
0.1 mol « L™ AT ERAREE R 5 B v i 8L, ) 45 O IR VRS 22 0. 2 o BE RS 08 .

B , Cargille i,

— B EE

L 38 B (Millipore isotope filter, L4243 %] % 8 pm, 3
pm 0. 8 um,0. 45 pm, EE R 25 mm) Flt g8 2 B (& 2-3), &
AL 28 B & [ 2. 3. 3, '

= BRET R

(D -8

B 1. 00~2. 00 g(AR 4% + HEM AL Wy 308 T 58 ) <<2 mm (937
B+ 3T 100 ml RARH, A 50 ml TTE K 10 ml Decon
90 ¥, 7E 5 “CF FH M P B 7 Ve HLAL B 15 min, [7] B8 sl B ¢
He - R R U K B R B) 200~500 £,

OB LI Yoo R B

TR BRRIE S EHE 5 min, BRI— &8 RIS+ S840
VBRI E , — M 50 mD, FIFLE R 8 pm MYBFL B2 38, LAKR 25 + HE IS0 5 0L 400 6 0 1 2
Fo BRI —E R FAFLEN 3 pm WMFLEEIE . B L9 ml B, A 0. 1 ml H
RE, PR RAWREE R 226, FE A 0.2 ml AO %, BB sh 5 10 min, WEHEK 0. 25 ml
FiduE#E £, mA 8.0 ml NaCl %%, Al 0.45 pm B9 3% LA CR ) b 2k W A pH {4
6.6,5. 5 FI 4. 0 AYFTHBRIR BN 2% wh oA YR B 25 B8 T /K WE Uk M5 U RS RS B AR B A |, 70 B 10 SR 2 A

B 2-3 A e



