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Research advance on molecular ecology of asymbiotic nitrogen fixation microbes. XU Peng-
xia"?, HAN Li-li**, HE Ji-zheng®®, LUO Feng', ZHANG Li-mei*** ('College of Resources and
Environment , Southwest University, Chongqing 400716, China; *State Key Laboratory of Urban and
Regional Ecology, Chinese Academy of Sciences, Beijing 100085, China; *University of Chinese
Academy of Sciences, Beijing 100049, China).

Abstract; Nitrogen is the main limiting factor in the productivity of ecological system, and biologi-
cal nitrogen fixation is the main nitrogen source in the natural ecosystem. Biological nitrogen fixation
includes 3 types: symbiotic, associate and free-living nitrogen fixation. Associate and free-living
nitrogen fixations are collectively called asymbiotic nitrogen fixation. Compared with symbiotic sys-
tem, asymbiotic nitrogen fixation rate is lower, but asymbiotic nitrogen fixation microorganisms can
survive and fix nitrogen without forming symbiotic structure with plants, therefore play an important
role in nitrogen cycling, especially nitrogen input in ecosystems, due to their wide distribution and
high adaptability to different environments. In this review, we mainly introduced the research pro-
gress of asymbiotic nitrogen fixation microorganisms in terms of diversity, distribution characteris-
tics, the factors influencing asymbiotic nitrogen fixation efficiencies in soils and phyllosphere, and
also highlighted the existing problems and future perspectives in this research field.

Key words: associate nitrogen-fixing bacteria; free-living nitrogen-fixing bacteria; soil; phyllo-
sphere.
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Table 1 Estimates of N, fixation rate in different ecosystems (kg N - hm™ - a™")

e A A LA R B AR A I I SCHR

Environment Asymbiotic N, Symbiotic N, Free-living Associate N, Reference
fixation rate fixation rate N, fixation rate fixation rate

K/ KRB/ N (B EROEH) 13/22/13 [4]

Maize/ rice/ wheat ( global average)

I /N At UL RO ) 20 [5]

Long-term planting wheat with no nitrogen fertilizer

( Australia)

BHEAE RAAT ) <10 6]

Cereal crop (Australia)

TRHEY (B YT R HTE) 20~230 (2]

Legume crop ( pea, chickpea, soybean, clover)

AT - HE 25 [2]

Endophyte-sugarcane

R R 0.1~21 0.1~10 [7]

Temperate grassland

TP VR R g LR 0.4~3.0 1.0~4.9 [7]

Moist tundra and alpine tundra

oy B 3~30 3~90 [7]

Tropical savanna

AT B LR 0.1~60 5.5~16 [8]

Tropical evergreen forest

ity AR 0.01~12 1~160 [9]

Temperate forest

T I 4.1~12 14~28.5 [7]

Tropical floodplain

AT TE I PR 3.3 7.5~30 [7]

Tropical deciduous forest

My RERE A 1.0 0.1~10 [7]

Mediterranean shrubland

oy -4 0~36 [10]

Tropical soil

KSR 30 [11]

Rothamstead research station

b 0.01~13 [12]

Desert

ARAZE (HIRE 2 3E A RE) 50~300 [2]

Trees (Acacia, Gliricidia, Leucaena, Sesbanis, eic.)

DN 50~300 [2]

Alder

AL 75 [2]

Casuarina

FES 10~ 100 [2]

Ceanothus

I R T LSS 1~10 (2]

Soil, decaying wood and litter, biological soil crusts

2T PR . 2

Azolla-cyanobacteria

FAAPIBOARAR A AR [ 00 T 2 A B R
SR AR BRI E o, BEA U
I R R SRR 1 B BAR N, i 3
TR PR 23 WA ML AR S B IR RN BE IR, 5 G [
19 SR WA 14 A 3 P S Bt 2 AL R, E R AR
FHEY) (A F RN 2E) GBS RGPk
HEEAEMT.

Bt R B RUE S A, M BRR B Bk R R
MR (LT 108 km™ ™) i & B K14
A=W, X B BRI Yot R [ e 2Tk,

HARIR I BRARAE S R G, B oA 9 18 02
FRH AN EERPR

BREE LR AL AR AR [ RO ol LA i 73 3
AR IR DR DERIRS FE R A SR B R AT
BEAF A A A S AR F iR T R
VR FIALBE AR i PR 28 45 A AR e v J T A [ 480
A AR SO R A B R A P R 2R 2R
P I3 AR B e [ S0 B DR R AR AT T B4
W FFEEAA T PRARIAE [ R RS oA
FFAIE R PR 2 R RN R AR, 5 [ X H ARG
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H 1893 4F Sergei Winogradsky M 135 143 25 3]
SE—k B A [ AR - R A Y BT R ( Pasteurella ) F1
1901 4 Beijerinck 4325 21| 4504 5 A A (53] 445 [i]
Z I ( Azotobocter chroococcum) A6 BRI Rp
A AER AR, 53040 TAEIE T 1] ( Proteobacteria ) | # i
I"J( Cyanobacteria ) FllJEBE B[] ( Firmicutes ) 5. #3 3%
HX SRR TSR] 00 o S RGP e PR 4RI
R e UM ] & AL S &R 8 (Azotobacter ) \FF
K & 2 7 )& (Azotobacterbeijerinckii ) | 5 FT 1 J& ( Fla-
vobacterium) | W2 T& B} ( Spirillaceae ) . i 5. il T J&
( Pseudomonas ) 55 ; IR 48 M 18] 220 1 £, 46 42 16 )& ( Clos-
tridium) JOLBLIRAT B I8 ( Desulforomaculum ) AR
I & ( Desulfovibrio ) . 1.2 B J& ( Rhodospirillum ) |
ZLRR A & ( Chromatium ) 55 5 FfP4 IR & & 20 40 o L 45
A AT & ( Klebsiella) JHFT ) ( Enterobacte-
riaceae ) ZE T FFF( Bacillaceae ) &5.

G [6 R B & B iR T 1958 4R, P2
Dabereiner T ¢ H TEAR B 73 25 21 i 20 41 1 FE bR
72 BB ( Beijerinckia fluminensis )" JFIERA T &K
ARHEY L H A A W 15 K BE. 1975 4F Dobereiner
PR H FELE 2L b 43 B 75 3] 5 A 3 4 19 [ A/
44 M B [ ER B (Azospirillum brasilense) ,
PR ARBR I A [ A A7 1976 4F Dobereiner
SR RARIAE P AR A B AR K 94 L R
W (Azotobacter paspali) , 2 J5 XN/ E K miaE
ARABHE Y H A 248 25 BV [ 2R 5 & (Azospi-
rillum) . B B8 0 B ( Pseudomonas) . 7= W8 I ( Alcali-
genes) i i A R ( Klebsiella ) 5B 6 8 R A, 70 &
T o By BN

BT ARG S5 103 B RN S E [ RUE AL BRI 2
71, B 5 A2y 1% WA Y ReFE L0 = iE 1T
i ge AR 22 TR 2 A S RN BE B Sy
B DA U R BRI Y A T A A SR I AT
HuBRAS TR SR A b, 3R A B 5 R A K 2
SRR 2 B A O B AU AL 3 R IR T, AR A
WML 42 R BT AN [R) 4328 - 43 Bk (T I B 1 E
2) U A UG (PRSI A ) |, e ATl
[ 3 R %) X e il 2 K 1 S 4 i B Ak T 2L
it 22 K (%) 5L L 4E nifH  nifD  nifK  nifB  nifE \nifN |

nifX \nifU .nifS  nifV  nifW nifZ , o nifHl 2 4 5% 2k
AR B ORSY 7R [ B UE P h AR BE
R 3, PR w4 Sy T EUR Y 3 7 AR 0 L Shu
212058 55 qPCR 4545 DGGE #ARWF 5T k3, 4% +
R G e H RO AR RE FR 18 Zhang 55
KB, nift FE PR e DN A5 21 1 54% 7 5 45 BiHE
Hh T R 0 e S AR /N T 70% , T REAR R T
RIS PR R e . B 20 e 3 R R R ST A
FNRYE nifH BEA R E AR A S E 2N, a8 T
AFIE R ] ( Proteobacteria) Y o By A1 S 44 | JEBE
] ( Firmicutes ) M2JE ] ( Spirochaetes ) | #5 21 7
( Cyanobacteria) %5 (& 1) Y Hid o IR P
I#] 260 1 3 5 0 A1 T AR 18 H (Rhizobiales) , B 221
P 20 Y [ B 2 250 A T 4L B (Rhodocycla-
les) , W59 20 A1 T8k 3 H (Nostocales) .

2 FHEBERBEME T ERI S HHFE
FSES

2.1 AR B R P SR B 3 A R

AR AE [ R A A BRI B - S S
RGO Az, HARR SR A G 12
FRICE \pH R 7 ARl A8 PIA it 55 X 28 R 52
ANTR] B T T U A ) B 2 AR ] (AN )
(£ 2) (BTN FEHLL = Rk L3 T
AR R RIS LR P L o IR0 .
2.2 G b AR I AR A AU W A R RCR Y
SES

ARFCA: [ AL o 5 KRR B B Tk
L HERACR 52 3 R ACE IR A
W5 K 3 R B 45 22 B RN 3R 5T [
ZRE R
2.2.1 AWK AT [ R A By i v AR
g ARSI A NE KRS TR/ SIS - W G ] i
A 25 ZR GO A= T U MR , 07 1 SRU80CR
i Silva 552 B, 45000 B 25 G0N 25 2 R AR A
2 b DA [ B A AR B 8 vh nifH R DR R 5 DL
FEIRR MG T A = S v 1] S0 PR nafH 2
DA 5 R U B U G A L VG A e B L
b A A I U 1Y AR IR RUK ST R B 0K
R 30% 7 XK T = A T J5T MR K R - A
FEAL A B, 181 0Bl A 0 1) 2 JBE RN v 44 5 T A N
EE R AR, FUL S B R BUE AR B
REAR /K oo ZZR S T 29 I R A T O AR R 2 7

A
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Mothvlnei
4

75

Rhod, 7,
R

Azospirillum brasilense AWC3 (GQ161222)

Pseudomonas stutzeri Grl7 (FN813564)

Unculturcd bactcrium Yishu-5 (AY601041)
Burkholderia xenovorans CAC124 (EF158805)
Sinorhizobium sp.TJ1710 (AJ505315)
Uncultured bacterium LM26 (EU544211)
Uncultured nitrogen-fixing bacterium b1-HA3-1 (AY196373)
Uncultured bacterium CK17 (EU544203)
trchosporium 40-5 (AF484663)
Scytonema sp. LEGE 07189 (KC256776)
Sphingomonas azotifigens (AB217474)
Era@rhizobium sp. TSA1 (AB542336)
Uncultured bacterium CK23 (EU544204)
lichen O5 (AB241413)

Rhodospirillum centenum JCM 21060 (HQ322616)
Uncultured marine bactetium 24809A06 (EU052488) i
Halorhodospira halophila DSM244 (EF199951)

Ectothiorhodospira shaposhnikovii DSM 2111 (EF199955)

Desulfomi

Uncultured bacterium HM33 (EU544217)
Uncultured marine bacterium HT9001A9 (AY528678)
Uncultured bacterium SJY-31 (AY679800)

obium bac

o -Proteobacteria

:| ?-Proteobacteria

1 v,

:| 6 -Proteobacteria

(AY040513)

Dechloromonas sp. SIUL (AJ563286)
Zoogloea oryzae A-7 (AB201045)

0.2

1 BT nifH BB R BUE RS TR

Fig.1 Phylogenetic tree of nitrogen fixing microbiology based on nifH gene sequences

JRAE RS TS , it i 28N 00 3 i S A
s PR 8 R (B A BE A AN R Y
25150 Coelho 5512 S B, 14 7K P SR NE A A AR AR s
[T 2, 10 % AR Bk [ 200 B 52 0. Wang 451200 %71
T BOKRE/NE KA e 2 A B, B SR
Xof ] S0 PR A v 2 1 B AT IR, R R S R
T S RETR LA TC 5 AR G OE AR Wakelin 500 & 3,
TEIR KA B B R - A oK YAl R GE P iR
INEREA S i 1 A, R AR A: [ E I TCRE .

ARBFFEARAFA —BEEE B A, n] REAE T
FEXT et = A 22 b UCAEZIOR , BV S 5 51k +
Sk pH AT RS O SO AR A R IRy &
5 215+ w75 3 E v i NI R
FEA X6 ] 460 BT A 9 5 M 801 19 A — B0 I Onr
SEPVR I FSAERT nifH B PR (Y 5 00 Ao it L

] Marinobacterium lutimaris DSM 22012 (KJ021873) B -Proteobacteria
Agrobacterium tumefaciens gx-178 (F]822995)
100~ Uncultured bacterium LM108 (EU544214) _
Halorhodospira halophila tBTRCCn 24 (DQ471425)
Uncultured bacterium Yushu-10 (AY601046)
68 96 Leptolyngbya PCC 7410 (AY768426)
94 Uncultured bacterium ML17 (EU544221)
67 Tolypothrix PCC 7601 (AY768421) Cyanobacteria
Scytonema hofmannii PCC7110 (AY768414)
Nostoc ¢ UTEX 584 (L23514)
Mastigocladus I CCMEE5272 (EF570560)
67 Uncultured bacterium ML34 (EU544222) m
Uncultured bacterium LM13 (EU544210)
t Uncultured marine bactetium 24774A11 (EU052413)
ﬂ| Uncultured bacterium SJY-18 (AY635862) :I Firmicutes
Bacillus alkalidi yphicus MS6 (EU204959)
72 Spirochaeta aurantia clone 1 (AF325791) :I Spirochaetes
72 Uncultured bacterium SPOTS-45708A38 (HQ660897)

[23,28-29]

SRR ok A AR AR S DA ) DT S T A ) B T
Tzumi %5 & B, B UMW) ZFEME AR DR )
Z: SR AEn) R LR SR Y X
TR RHEY T A SR A P i A,
AR KT AT Ay [ 280 P £ 4 ) (R R P
2.2. 2 BRIFFT A M A R — S FERE I SRt
FECATHE N=N) , PRI 5 i 22 LA GA D 25 ik A O fiE
DR LT, SRS A 0 3 i LR B SR AR SR 2R 4
WA AT i v R

o 8 K] ST S0 A0 b R A M - 48 1) BF 9 2 B
[ RS YRR nifH B F B H5ARES C HREE
FRASCNT B 3 AR Pl A 8 5, R P 7 5 AR
BRI RESE o AE A [ 05O A LA Ml 5 it
FEFE A H A 8 35 (R 0 nifH FE R A E . Wakelin
A5 00 S B 1) HRACR IE FfR T K 8 4 FE HR  InRG
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Table 2 Community composition of asymbiotic nitrogen fixation microbes under different soil conditions
et 3l Hb ZH R B &, SCHk
Soil type Location Composition Supplemental information Reference
POBF 30 ARAR R 1 EEPERE R HZLUe s W m R A0 B BT AU 20 2R 0 Y v fig A8 R AR [34]
Soil fallow for more than 30 years P R TER T Y B /A, B IR
UM T 1) B il 4 TR
H A1 A [ B8 A7
Pl oK 9 21 8 YLV o By IR JERER [T, WEEET ] e R R Y B [35]
Red soil growing corn IR MR ENE]
T ARG RHEY AR W+ WL o By S ABIEE, R 5] 220 A % A N TE AN ) 4 [25]
Soil with potato and non- T b, 5 [ o 5 b S ) A
leguminous crop rotation SSIANTE], HLBE R ] AR 1k,
AR TR EE Y 60%
S KRG it FREM S MK o ZBIETE B ZRJE W A DN 3 % 8 B T [22]
Paddy soil in Chongming Wy BB EEH ORI H R TR A, fTREH T
Island HEEE AW anEH Wi Jes B BT 3K
T b - 15 A5 IEAE DR KB T o I, 18 A AR 1 i 2 [36]
Grassland soil TSR
B JEFIARAR 1 45 HZILEAY X —28 TR T o By SIERE, K [23]
Grassland and forest soil ESENE S
A AP I TEE S FE AT R R o BIETE [37]
Temperate poplars and pine forests
soils, swamps
AR % 1 R AT o [38]
Acid forest soil
EEYip N R CE IS E= B2 ¥ 315 GenBank H AR AT 85 3% Y [39]
Phyllostachys heterocycla &1 B P nifH PR B s BEARBLEE
forest soil H5 o 28I B 0948 A MR8 i LA
(PSS SN
AR 20 80 G (BTRON N B 90% LA LR B TR I T, U %38 4 AL 4 b7 R U, [40]
EERG R A B i B AR R AE 4 N R 12.7% 0 nifH B DY 5
20 ecosystem types across HIRM) HHE T 22% A RAE , 80% 11 nifH
tundra to tropic FF 5 B 5 i — 3
PER T 95% , P /K -3
TR 3 6 X Jak 2 3 1R 7
G Z RS2 3 T BRI
Kkl e o By ARIE T W JRRETE ] ORI BRI, HARXT [41]

Tianshan glacier

I BRI SRR

JRE it e AR 2R 51

FREELER AP B BRI AS R, XS R

WA RIS NB R AP 22 57 X PP 22 e H

RO, O 8 9 3 T RO B — A GV BRI  BRB  CL RE) FE E

SELTIRS KR B SR R B, I U A 1 A B
TS A SA LR IE AR 5C , R B0 TR nifH HE
FBERCH HURLAE R N 53% ; FORFEFF 4 I 45 56 4% i
N nifH FE B F2RE , AR S 3w 10 17
BRANIMBRIE SN , MR PR L FEAR 2R 73 W) | 1
TR 0 7K FIAR PR ol A P I S i 5 R 0 4R Uk
JE T B RS [ A W R R P AR R
G UMD 14 S0 B T R T A AR 2R S
WY LAGR R A R KRR B B U A
PR BME Y X R I 76% , BIAR F L BT A L Bl
/] s AN TR S B A e R R A B AN TR A R B B

A E R R

Shaffer 25 Jz B, HAEL i Fae ARG A il A 35
IR B Y Z2 R o RGP AR DTk i, 7R
AR -1 32 B B IR, ARt S S I N e — o 72
JE BT AV (HJE 2 3 IR B I B A A 2R
DI, B R S8 R IR B CREBBR ) B nl $2 i I
A= [ AR X TR TR AT DL e AR B L
FRONTIT Ry Sl A Wy B A A5tk ) P o4 s 1 A= 0 I
WA DT I A 200 e Jl T 4o B ol HE B A ) 3 ol o
TR R AT Keuter 251 1, % B, 1) 728 ] i Y 2 4
S 0T A I %o A e A T R R e T RE AR 3 IR
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Wang 4570 B, - EVREE | BORE RS 7] i FIES 1]
JEE XTI SR 0 25 R R A E B o R R R
fx EERE 2R nifH R 3 B B A - R TR
T REARR , 3 7T BB 2 Fh T A7 LA 55 i U5 A &5 b 2 )
TR )2 1 18 i B[R] FE M, Reardon 2610 & 30, nifH FiE
AR+ 2R AL, 10~20 em ZFEE/NT L
2 AR, A A A S R A TE i AL Y
AHLZE , K20 B A HCE YR G 5 R 2 g
BEAR, BT R Z B T 2R
2.2. 3 HAbw Bk PR ARMEY EERE SR
JCE B = 2] [ OB P A, TS
AVIE LT BB AT LABR A 00 A6 5 07, I ok
T NAR 2R 43 W 4 e v [ B 0 i e AR 7 A
SIS [] N B3 BRI v 98 35 R s i A A4 /Ui
FET B AT & B, Rk R AG v A W 1 AR
M40 R TG R e I 50 A A Rk

SRR T U P DG HE B 1 B e —— R A Y
HUL IO R HAT AR 2 [ S s 1 B2 0K Bl [ 3R
e BE AR I - 58 TP BH 25 5 R BB A LA B 2% 65 LA
R R AL, B CO, Mk Bt & A1 1 358
HEH AT O AT T 3 9 B PR ) 3t 3 A7 E DT
S E R A, AR KR ATP & AR
BEREWEITER , I 098 80P [R]AE 52 i 2= 4y [ &L
R AN Reed %5 75 35 E R B Z M W98 K
PR 0w A AT A e [ R i D e 2 A AR,
Pérez S5 758 F AT 9 35 5 TR HS TN AR 1O 1 95 ) K&
IR, BN S B R et v P T R P i E R R )
I H R X [ 20305 1 9 JC B2 . Barron 254 L &
I 7E L DR R 22 5 Al AR g rh | ph
Z AR B ) [ 2, (B A e = D00 A BH e % RIS i 4R
FH, A ATTIA R, BH A R % R AR ARy R 3 A
AW E R EAT 1 [ R0 . Wurzburger 5507 .75 51 41
[F] B 4538, i 70 J2 ) At AR AR g b 4 AT DABR il
LA [ AL, A = 1A BE R BR i /E .

Tk AL ARG 2R BR B e A B/ R R A
(1) I 257 0, T 42 52 M - 9 b [ 60T 1) 2 B R
At G W5 R B, A R AT TR - 4 R TS
PR nafH R £ B S/ 2 S AR, HILBFsE
XN R & mBE & (mi/ 2 AR R
[75] 280 P A A P T S 3 e/ AR TR 5
I ] G2 TR A T 3 i/ L 1 B g
SR, TE_ B SE I B AI AR Z R RS nifH

FRFEE SR AR EHE, S/ 2R
X FEA LA R 545 B, KRS B il BB 7 R
R, Sl R R T e L 1 RS L A
FRERFLEIE N L Ah, B SRR X [ A R
VER B AWFSE & B, I NPK & A A0 2> Bl 3
AR, RAIRE S A RR 2 [ 2 s m AR T,
P IR AR A A A A B AR A
AR BRANE B8 A P AR 3 A PRk 607 2 1 40 il 1 K
WY

2.2.4 HHK A R BE A I G T 4 v B URK
AU A T o8 R 2 280 T G T 1 T S it A T 36 2R 0
MK G338 3 PR AR P R KT TS e A
A ] BRI K TN B R i 2R 8 IR 58 e B, R 7K
43308 38 AR A 8 A 30 S D D o [ R e )
T H5 0 100 7 G000 23R BT K A AR R W
BN )1 N2 N1 R (g R o 7 N R 0 RN
BB, IK 3 S 5 M RR R S5 % 1 - 498 [ S0 1 1 e
B R AT [ SRR K R AR
[ U 3R 3h R 2, AT U8 T 0 i dsn , E TR A B
15 LA FH 0 2 i B B ) i 1 R BE A BRI 7R
ARAY [ RURE 7, FEE I T L 1 [ RURE g 5 2 A 1
98 [ R0 AR V& 25 RN T 7K 8 1 v et % 1 Rk
RYE T4 E Burgoyne S 3§ ]
VR SR 11 15 7K 43 DR S 4 A 23 B AT T L 3 R T S
A (FiKsr) H3ER I EEENT 8 H.

BRIK 441, 05 e 5 i [ SRURE VR 1) e T A
iR 22— F [ AL A F el R RUA A
KGR IR /& 10~25 C(6—9 H ), & 3 A
TRBEL R 4.5 C Ml [ &G, 28] 6 H b wE
DAPRAZ 0 74 5 1) PR 2R 5 i [ A A 0 O R
(ELA [ 8 BURE B 015 e PR 2R AR ] 07, LU At
nafH 5 PR = FE A5 i K it A o 0 R — A K
Hh [ 260 B 1 3N 2 25 5 0T RE R i AN [RD R A A
AN SR R KRR

HoA RS R Ak |+ R R St &
W) [#61 S0 P P40 3 e TR A 5 0 v JOAS TRl V3 T, A
e [ RV 2 22 S 4K, SR b s BT | 4358
RO S AT [ 2R B R VR R AR DL 2 A
YA, pH UK 3 AN B | B A B RV ALK
A FEL AT [EARE pH S 5 4 $g R 3 A [ A
HIEESE pH (4.4 ~7.4) BGE nifH He 8 32 ik
) B A pH(3.71~5.61) 23BN nifH HEH
JEL FEf 2L TR R X, pH (4.1 ~7.7) S E A
BB 5 OE A 5%, I AT A R I AR VE AR S
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B E SRR AR IR S IR A5 3 [R5
A A [ R PR T 25 | R R = B R LT
R RO A B 0 L 3 B AR A e i
M55 % T R W AT F PR OB DL, pH 7K 43265
oA [8 A A A AR,

3 MEREIRBAEWR SR E X m A 5T Ek

FE 18 e, AT iR B i A7 e i 9
RIS — B ST i R 5 1) 20 3= 24 rh e A P B0
B, % 3l SO A 5T EE 21901956 4F | Ruinen'
T YDA B T2 PG I B4 3 1 e DX P A A B o
[ R R o QAT , B8 s I o 1 60 7T AT o AR KA
TR T R R R S M A R ORIE, IS AR E
SEHE GO BT M BRTECE YR SE. 1981 4F, Black-
man' B YCHE H B Bl A 0 A A o e ORI
A T A TR 2R T AR B (B TED) A A .
Lindow # i, i 25 A6 R AE B2 AR 4 00 b | A &%
a3, FIREE S5 — B, B LA AR SR SR R
B, A5 A7 L A S A S B, R R i Bk
93%[66—67] .

it s PR AR T A AR T ane] AL IS SR
B R ZER WK AN R A R
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