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3 MkFEL A 7 MRE R E A E RS B ST

g M EED REED HXAEY SR xAEP @R
1 FEBER R M BRI R R ER E SR E T A 210008

2 AR BEBE /N Z ST W ABH 450002

3 EBRABERS JERT 100049

i E (FX)] SR RAFRRRASZAATANE RO EEZTaE. [B 6] Extfgm g
RBEMANTHR, ARATR-FTARGTRAABRAE DA AR, [FE]425F 34484 RF B R
B 8RAGE, KA BGII-N BAASBRAAREDE Ak, 30 B ARETH SHFENR,
@it A F 20 DNA 89 nifH AR 3R £ B fb ), #t—F KA ik Rk PN, T3 E L TN E
HE ARG, BT AE L DNA 49 16S rRNA AR 59l testitf7%5 7. [4R] ERBIRALHT,
A BGII-N 325k 5 B /i35 g Rl 74, @EEZRBIMEAL. £5]. Lok, 2R
AR, EBRRZRA L RALKAE. 9B RBHRE BGII-N ZHRAF A RKKILRL, AR
20 DNA AARMT I 3 nifH A, THEREA PN, FREMNZLEEETEAKSEA LS, B
BT ELA Sk BAR A A EE ). 454 16S IRNA A B 57| tbat Aol S4F4E, THRAMM T ST B TARE
#(Nostocaceae). (41 WAKAGLF - BAEREAYE R T L EETEZEAGE@R(BHREMR
P, TEABREMGHAMRE LIRS, REKBKRERIE S, THAL—FFEAROBEYD
Tk, BABAEGHEANL.

X8R AMBER, Bwd, ARE, LRERE, PN, w8
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soil and obtain culturable nitrogen-fixing cyanobacterial strains for further studies. [Methods] Three
paddy soils with different nitrogen fixation capabilities were selected to isolate nitrogen-fixing
cyanobacterial strains with BG11-N medium. The morphological characteristics of newly isolated strains
were observed. The nifH gene amplification of genomic DNA was used to clarify their nitrogen fixation
potential, acetylene reduction assay and '°N, tracer method were used to quantitatively determine their
nitrogen fixation activity. Preliminary identification of the newly isolated strains were determined through
16S rRNA gene sequence comparison. [Results] Seven autotrophic strains were isolated and purified with
BGI11-N medium under light conditions. All cells were round or elliptical, uniseriate, unbranched,
filamentous and moniliform, and formed mat-like colonies on solid medium. The newly isolated strains
grew well in BG11-N medium, were positive for nifH gene amplification of genomic DNA, had high
nitrogen fixation activity measured by acetylene reduction assay and "N, tracer method, and had
capabilities of siderophore production. Through 16S rRNA gene sequence comparison and morphological
features, all the seven strains could be preliminarily identified as belonging to Nostocaceae. [Conclusion]
The cyanobacterial (Nosfocaceae) strains that plays important role in biological nitrogen fixation were
isolated from paddy soil. The culturable nitrogen-fixing cyanobacterial strains have high nitrogen fixation
and siderophore production ability, which could be used as microbial resources for further studies and
have potential research and application value.

Keywords: biological nitrogen fixation, cyanobacteria, Nostocaceae, acetylene reduction assay,lSNz tracer
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method

4 4l 7/ (Cyanobacteria) /& —Ff ity & 1 6 & I %
AWy RN T LS WRTIAT . IRk A A A
AR, WAl LA T A AR TS A e Y, 2
IR T Hi AR 25 2R 4 b A W R 3 2 sk
SR A A B KR A 1 1 R 1 o B
RN, DI A E 2B A E 2 e
Fi g FIER R A AT 5 8 pglls HIE PN, ARIC
BRI EKFELE RN 70 d A R R A 4l R
N, AHERAERIRRE IER/DEEREE 45 ke-N/hm',
ARG K I AEERE 14 kg-N/hm®, Hip
74 9y 1] 2 (3 2 ] 20 20 ) AR A R
B TTIR N S19%F1 67% . R A n &l
Fe R ARG 00, e A 4 6 R0 5 W A T A Bk
B H (Nostocales) )£ 5L IEAR S5 B &4
G, A TR 7] B A HL AT e K/ R A T A -
FRAR R AR 0 S A A B i S AR U B
BT AT HpSE KR ) H 25561, [ A 520
PRI R B (R A R

RAEER TR 4> A28 )7 A B T8 7R [
RCEMBEE MY, eI TR SRk
W) 28 G5 43 22 M T I R IR P A b iR

SEFRE A MCEY A L, PR R [ R A0 B o
FFAEFTEAART B o A ] 3
Ho3 B B 4 BRI R AN R R, AT 2k
W PFIEIESE T HHAT RSV . Zhang MRt
fEEi s+ HErp e alifk 20 PRABUEAE RIS SR I
AR ENFEREE. ENE>RTBNRRS
PE, W5 YATAG R AR DA G, R AR
I 0 A TR AR 1 0 B A A T A A R R G )
FEFNN FARIGT . A H 358 04V /K R 558 4 0 4 T 4
T RN TR R A A AR, AT [ R AN
STENEEORE . SEF I, ABFITRIE A 3 i
KA e oy B SR [ A AN R AR, DA —
AR IR H AR D 1 BAR AR P L
1 RS
1.1 HIEHS

EHEOEEBEKEL. TMubEtkEK
Fet . 403K B KRG L 3 FloKFRSE 28504 A [ A
YDA 5y BORUR, IERE LA IR A DU )1 45 dh s
H.(31°16'14"N, 105°2827"E). VL.IE M i ITHR
[X (32°35'48"N, 119°42'49"E) . I 74 4 /& /& 17
(28°12728"N, 116°56'13"E), 1% FE/KME =X
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() 3 FhULRI KRS+ . Wang ORI, 4
0 R B KR L ARE R 42 d A AU
20.1 kg-N/hm?), FAbZ+ & B /KRS FA G+
4542 d AEWEE R 9.4 kg-N/hm?), LIHERF KRG+
1 R 1B (42 d AR AR 2.2 kg-N/hm?).,
1.2 HEsFE

A SR A R AR A 70 25 S5 R R 8 BGLI-N B g7
RN NaNOy)!'™Y [ 4 1% 35 3 55 Jon 52 e
10.0-15.0 g/L.
1.3 FZERAFIFLER

FastDNA Spin Kit for Soil, MP Biomedicals 2
F; Premix Tag. DL2000 DNA Marker, TaKaRa
F]; SanPrep H:x0 DNA B IGRH&, 2 TAY T
(M AR A]; BigDye Terminator V3.1 il
i &, Applied Biosystems 23 Fl

WO R A B L, Zeiss /A A]; FastPrep
Instrument, MP Biomedicals /A #]; SAHGIEL,
Shimadzu /3 &]; Whatman B ESHELF 4kl 3%, GE
Healthcare /3] ; NanoDrop 1000, JGE4MT{L-IA]
P HFE{Y, Thermo Scientific 23 ] ;3730x1 DNA
Analyzer, Applied Biosystems 23 A .
14 BEREMAENSBSHKL

W3 10 g F 250 mL T A, IIASH
100 mg/L FFC B (Cycloheximide) ik BG11-N
FifR % 100 mL, 28 °C fHIRGIRRTFRAR HOLg 22
(14 h:10 hE:FE, K% 1520 d HERE H A
OREMERE . B 05F). 4 10 mL EEE] 90 mL
BIHWA BG1I-N Bk hiff — b e 1G9, =R
kAR 34 WRTERA BG11-N K3k Fabf iR
Mo [, 78 AR B 5 A R v FH S b 20k BT Ak
Hh AR T DL AT €2 BT P T 14 BG11-N 3558 H &l
2k, 28 °C JEHEAZE(14 h:10 h)EI & 15 5% 10-15 d,
SR RN IR IBUIR 22, P AR S VL D T8 Y
1A BG11-N 3G IR s alifb i fe, 24kl
R AR ARk . KAk EER T LB
BRI T IREE A ET 28 °C Bigk, KR RS &A1k
AR, AA W2tk ERERID N /B8

M — LR ) SR R R

ZR LA TEREEAR AT AT 4 °C,
PREEFP TR BGII-N K583, 28 °C Shmgsc#r
(14 °C:10 h)EF B SR 2 2 JBIE, TIAESSE T A ()
TRAE, ERTHETTARAEE R, SO ASERF 30% 0
B T MR A R KA E T80 °Cl'el,
1.5 HBHRMEESREMNE

WA LN S uL JCRK, Mk PREBOATE R
FoREPEIE, m A, AAOEERER
TGEAE 40xP5 SR F IR AR I 2 MO 28 S HES
Jra, [RIEHEE 561 nm KL G TSR A &5
1.6 BFHKBY nifH ERE 12

R BG11-N Kiest BRER 2 Apaifbia
¥k, KA FastDNA Spin Kit for Soil fil FastPrep
Instrument H& B FE R 2H DNA ., ddH,O % it
DNA. Ji NanoDrop 1000 #£17 DNA #1912 5l
Al A

FH 519 Pol-F (5-TGCGAYCCSAARGCBGA
CTC-3")Hl Pol-R (5'-ATSGCCATCATYTCRCCGGA-
NI MR R4 DNA B nifH B2 34T PCR #7
#4, PCR JZWAKZ: TaKaRa Premix Tag 25 pL, 1
H DNA 50-100 ng, IE. 51420 pmol/L)4%
1 uL, ddH,O #MeE 50 pL. PCR JJwiscfd: 94 °C
5min; 94 °C 1 min, 55°C 1 min, 72 °C 1.5 min,
30 MEFR; 72 °C S min. DL ddH,0 MUK 584 1R
(Escherichia coli)JER 21 DNA /£ R XTI, FH
X HE O B AT AT 54 nifd K
¥ BR 1% & (Azotobacter chroococcum) ATCC
9043" K[H 4 DNA, PCR 345 4T 1%BU8HH
B LK o
1.7 BEHREIRBENREENE
1.7.1  CHHERETE N E

X BCE A A2 A ) BRI 125 mL 3¢
O, e SRR 10% (RT3 E0m)
B RAE A 2RI 28 oC YkZEESE 24 h
(14 h:10 h JEREECE), WERMNAUR, AR
K ARG %% (Flame Tonization Detector, FID)
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(A TS OIS, (A% 44 Porapak T
4 mmx2 mEFEH . AREHRERE R 60 °C, i
FERSIREE B 120 °C, FID Kl g8 iR ik &
220 °C, BWANFEAEAP ., kR A
25 2 A g e FAE H AR e e Ik A P e
IR, B4R B4R 25, 052 A L R B
FE 750 . 663 . 645 . 630 nm [ WK O B,
Chlorophyll  (ug/mL)=11.64%(ODg¢s3—OD750)—2.16x
(ODe45—OD150)+0.10%X(ODg30—0D7s0) o+ 5 B3 I
[B] L BRASEJo a2 2K 1 £ M AE GH % [nmol-CoHy/
(min-mg-chlorophyll)].
1.7.2 PN, RESEMNEBEREY

FEXPBCERPIAQ R EWAA 125 mL
PEESH T, WEEAES RN 10% (KT
BOR s BB N mE sl PNy, 28 °C 4RZEbmg g
(14 h:10 h)R5 5% 24 h, 33 Whatman 35 B {2 4
B AR (GF/P) ik i AR A, T FR E 0 5 ok
FATCE M LT & BRSO A& S PN
F R,
1.8 BEFREREIRE BN E

CAS I : ¥ 0.021 9 g okt =Xt
R AL £ (Hexadecyltrimethylammonium Bromide ,
HDTMA)A T 50 mL Z£58/K, % 1.5 mL £:(Fe’ i
(1 mmol/L FeCl;, 10 mmol/L HC)5 7.5 mL
2 mmol/L #KH S (Chromeazurol SYAWRIRSI)G ,
A Z iR HDTMA . FREC4.307 g Jo/KIRIE
(Anhydrous Piperazine)¥% T4 30 mL 2815 /KH,
JIA 6.25 mL 12 mol/L HCI il {28 vhifk, b2 b
WA iR HDTMA T, JFHZERKERR
100 mL.

KRR IRAEMA BG1I-N RiFREE(F80)h,
28 °C LEAZE (14 h:10 h)IEFEEREERG ). ¥
10 000xg B5.L> 10 min, HUEHEHRINA SRR CAS
K, 28 °CIRAIRN 1 h, LAZEMEK has il
ODgy, ARG FRIAE NS IR, BREARTE 1
BAAT=[(O0F REIR Y BE - SO EE ) BRIROGRE ], K
T 50% J R,

1.9 HE#k 16S rRNA EFYE

@514 27F (5'-AGAGTTTGATCMTGG
CTCAG-3))#l 1492R (5-GGTTACCTTGTTACGACT
T-30)22 T3 ik I HI 2 DNA 1 16S rRNA JE[H 4K
FEHIBEF T PCR 41 . PCR VAR R 5 45FTR] 1.6 45
nifH %A

PCR =13 SR WHBE R LUK H B 454 ) E )5 R
H SanPrep #1:3X DNA Ji [nlficiat55) & 171k H 9 DNA
B¢, fdiFH 3730x1 DNA Analyzer #£17 DNA Bt
F3) 4534, 7 BigDye Terminator V3.1 ¥
A& A IFEE R A SeqMan (DNASTAR
Lasergene)if 1 1Pf#, 195|342 K MY 16S rRNA I
¥4

f# /] EzBioCloud Identify Service (https:/www.
ezbiocloud.net/identify)*#1 NCBI Nucleotide BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi)lf 16S rRNA
TR PR S5 HARE ) 16S rRNA FEH 751
FEeXT o

2 HRE546
2.1 BEHBISES BG1I-N 1EHE S EIRTS
SRR FE AT, SR BGII-N #5383
3 FlKRE £ oI B aliAbAR 2 7 0k A FRIRR (R 1),
Hrpgat kH5KFEh o sms 3 #REPB02.
PB06 #1 PB10), NAiibZe 4 & T KA+ 50215
F| 2 #k(BB03 F1BB06), £33k 75 /KFE 1 H 4315 5
2 PR(LRBO2 F1LRBO3). #74rE5158I0% 7 bk F Sk
£ BG11-N B s A KoAROL R A7, FEEI A I 5
RIZE 28 °C BRI LE 2 NI A HVIR BT
F1 KELPIBHBEFEK

Table 1 Autotrophic strains isolated from paddy soils

Ak Strain il £-3E Soil sample

PB02 0+ & F /KRG L Entisol

PB06 240+ % H /Kt Entisol

PB10 #(0+ % H /KRt Entisol

BB03 b2 4k B /KA L Inceptisol
BB06 TibZE 4 & B KFE L Inceptisol
LRB02 218k B/KAE £ Ultisol

LRB03 LT84 FKFE 1 Ultisol
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FEMMAREE SR b, WARE AR, i
Pl R £ ) JE BB & 4 () 1), MBILEA &, B bR
PB02. BB06, LRB02 I LRBO3 A&k {amy sk
o, WPk PB06. PB10 il BBO3 At ., MG
%, Wtk PB06, BBO6 Fil LRB02 x4 T
P, LA DARR DA V% 22 1H 2 2R E I EEOIR . TEVR
IREEFRET, A TR R AE 55 SR FBE I8 il A=

7|1
22 EMBAREESSHIIAR

BT o3 BT PR A AR R 2SR AR 2 AR R AR B
(B 2). Prfi WA L DR s I . 51 o
VA SN2 N1 1 PSS /NI 1 BU R R T 6 WU e S
561 nm PAWAOE T AL A KOG, AR
My asE AN

1 S BEEKRERR BG1I-N #H7E FIAECORTS

Figure 1 Growth status of newly isolated strains on solid BG11-N medium

PB02 |

B2 #FoBEEKOABESSHINAR

Figure 2 The cellular morphology and arrangement of newly isolated strains
Note: Bar=5 um. Bright-field (left), fluorescence (middle) and merged (right) images are shown
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2.3 EHREY nifH R

S teh [ BN AR R nifH IR [ &L
AWy v v DR ST, A A IR S TR iR A PR A
DNA 1 nifH FER AT LI HOR A oA A T
DR WEBE RS VKT, PHAVEXTREFD 7 PREA R 24
DNA (1) nifH 55l PCR 4347 7E 250-500 bp Z [
W B 4 (K 3), T BHEXT B8 Escherichia
coli 5 ddH,0 JTeHH 5%+,  nifH LR Z IR PCR
PGSR — 2
24 HEHBCHIEEFEM

F T [ U R AT R SR TE P, T H 2R
FO RV EA i ) [ AR A, R B Sy
(Acetylene Reduction Assay , ARA)RERS PR | i
E FEINE TR AR T o (0 SHRR 2 5E 1
S B HMRTEW A BGII-N B33 3 rp i 2 ik 5%
PE, ZUREIR, BorBEmRIE 10% (R E) bk
H SR R BA B O A (R 2) TR 7 BT
STESRART, WRE BBO6 M ZJAAE ORI &, N
340.12 nmol-C,H4/(min-mg-chlorophyll), H: X J& B
¥k PB06 [264.88 nmol-C,H4/(min-mg-chlorophyll)],
LRBO3 [ L4t U A I
2.5 EHRMIBEIRES

PN IR BT R TR PR [ R s B 1) B
e, ANy R BRI E T B 4 B PR AR R A
BG11-N Bt s ATE R, 455 5 QO Bl J5s
PENE LS RECN—BU(E 4), THOBT B A SR Rk
HAR R AEA, KRk BB06 Y[ A4
5, M 62.07 nmol-N,/(min-mg-chlorophyll),

bp M 1 2 3 4 5 6 7 8 9 10

2000
1 000
750
500
250

100

3 S EERAY nifH 2 F PCR {184 R

Figure 3 nifH gene PCR amplification of newly isolated
strains

Note: M: DL2000 DNA Marker; 1: ddH,O; 2: Escherichia coli; 3:
Azotobacter chroococcum; 4: PB02; 5: PB06; 6: PB10; 7: BB03; 8:
BB06; 9: LRB02; 10: LRB03

x2 HFOBEERMCRTERENE
Table 2 Acetylene reduction activity of newly isolated
strains

B LT R

Strain Ethylene production rate
[nmol-C,H4/(min-mg-chlorophyll)]

PB02 175.51£13.08cd

PB06 264.88+27.64b

PB10 147.05+20.48¢cd

BB03 142.16+26.53d

BB06 340.12+35.14a

LRB02 187.33£22.55¢

LRB03 92.14+20.72¢

H: RPBUERFEEAREE , MR TR RER KRB RE
IKF-(P>0.05)

Note: Values are means+tstandard deviations. Same letters indicate
no significant differences at 0.05 level

N, fixation rate
D ®©
[ (=]
(o

(nmol-N,/(min-mg-chlorophyll))
=
[

[\
(=]

aaldla

PB02 PB06 PB10 BB03 BB06 LRB02 LRBO03

4 O BEKMBEREIECN, REE)

Figure 4 Nitrogen fixation activity of newly isolated
strains ("N, tracer method)

TE: EPR2EZ R bntER: , AR RN 22 7 8 3K
(P>0.05)

Note: Error bars represent standard deviations. Same letters
indicate no significant differences at 0.05 level

2.6 HERKRIEREIRE K

BRI B BRI RS IO AR AR A 1 1) E By
fEZ—, FBo [ E A Y Re U Ak R 2 &
BUERERAR o 7850 T o 43 5 1 R0 A T TR R 11 i
AT, R T HARER A R ). SRR
BI, 7 BB s bk, Witk PBO6. PB10. BBO3
M BBO6 HA7 #5102k 2 A B RE T, T P B
PB02. LRB02 #il LRBO3 F4k#k Al i ik f14 55
(B 5)o PRI MG Y RE S TE BRI 25 1 T fE ik
VeI, A TFAEDE KPS, Bk
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[
(=]
(=]

]
W
T
[=n

N
W

Siderophore production (%)
n
[

| d
e A
OI_I_|||||||I+I|

PB02 PB06 PB10 BB03 BB06 LRB02 LRBO03

B 5 HoBEKMKEIKER

Figure 5 Siderophore production of newly isolated strains
TE: BIMiRER A, MR FREROR 22 Rk BEKF
(P>0.05)

Note: Error bars represent standard deviations. Same letters
indicate no significant differences at 0.05 level

IS4 . 4R B, SRR S RAEAH,
I RES R R TR AR B E YR s s
Y i X 4 A AEAE AR N 0 R XU, iE— 25
FHBS VAR 3 4 8 3 KR AT
2.7 HIFKAY 16S rRNA EELE

16S rRNA JEPR 4t FAZAE Y rRNA LA
JPA, TS R R R R, s T
JEAZA RN S o NP AR T 7 M S
FERRAIIE 4K 16S rRNA KEKFS), #4134 5]
GenBank i FEH, R1GE 55N MW448691-
MW448697 . 5 ¥ 4f [ Hh iy e 4 2k AT X, 16S
rRNA  FEPRARLI: 5 1A 55 44 BRI R ke B
(Nostocaceae)f)IFI(F 3). FRIAK BBO6 #1 LRB03
A, HAth 5 IS Aliinostoc morphoplasticum
NOS HATEH (AR I (95.84%-97.85%) . LEATE

K3 HOBERMSEEE

Table 3 Taxonomic identification of newly isolated strains

BFHE, Bor s 70k A SRR S e T8k
#AH( Nostocaceae), JEFIKBY 0I5 A Fit—
AT
3 WwikE4®w

Fef FH - 438 7 7K A ST B A A R T ) A R
Hep | BERBE RN Nostocaceae) V) P25 & (Anabaena)
& BK 8 JE (Nostoc) 2 A8 HH 338 vp =2 22 A [ % i 40
RS, 2 F RN T RO, o — L
e P S e R AN T T IR, WP A,
P IR R A S L pH . KA. FR4r. AL
J . AT R i LR T AR, R
pH {E 1K % B8 58 K | F & 2k 3 (40 Nostoc
sphaeroides) AP, RN 32 5 4 e,
g ETRA A RS R e R,
AN, 3 FIANFEZERIA KA -3 s T
VAR TSR R R R, AR R] 53 25 15 57 [ A
WA A TR TR R S IR AR BT A G, RTRE S BT
LB e U S

FETF ] PN, Fric AR s R AR Y
AT FH, Widnrs , JoHUZ Bk Nostocales |
Nostocaceae F| Nostoc TERG AW A h LA &
FAEMP Y, &k H (Nostocales) M EF; # H
(Stigonematales) 2R F A4 [ A 2 sk #5140
Pham 25" A BG11 #5973 BRI KRS + 48
YSET 13 BRATREE(Nostoc). Nayak 25425k [ I
FERTIKFE 9 67 MR EE(Anabaena)ilt it T
E . B RIEMEHEE M. MRS,

7S B RARDIAT i 44 TR R AL vieS

Strain Top-hit valid strain Similarity (%) Affiliation
PB02 Aliinostoc morphoplasticum NOS 95.84 Nostocaceae
PB06 Aliinostoc morphoplasticum NOS 97.85 Nostocaceae
PB10 Aliinostoc morphoplasticum NOS 97.19 Nostocaceae
BBO03 Aliinostoc morphoplasticum NOS 97.19 Nostocaceae
BB06 Anabaena variabilis ATCC 29413 96.42 Nostocaceae
LRB02 Aliinostoc morphoplasticum NOS 95.96 Nostocaceae
LRBO03 Desikacharya soli BHU2-PS 96.49 Nostocaceae
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YA AR A TR R B IR T R Y
T A O K R rp Y A HEA T T RS
Ay B FRAETAE, TR HH [ 2030 40 P 9% D 1 0 B I
SERNFHPER G TAER W RGEHGE . 5 HAhA 2540
PR — R, W A BA 7E Al IR B P Ok 22 B
FIAVEAE e dh ) ™) BIFSE I, 120 5 40 i ]
s R Rk, PR IRy, (U AR
F TS0V A e e P T R R S T ] R AR
TR BAN, AR AT R T
M XA S Y B A AR, T
WRIZ S RGP AW IE R B XoF 155 7 2 ok
T LU S TO RS, 4r B35 7 MGk
Bl(Nostocaceae) [ A W AN E K, ZRIHANEFE
SE AR H A 0y [ R e ), AT — 2 T
e H AR W B A U E B, BT BRI &
N ST

SR B B 00 R TR YR ) 2 bR T
)R R AL BRR F RURE 1 I B LD, 5 PN R
BRI AH, SR Rk B B L oy PR
L R R AR R A, (B R T,
TR T E S R R (H(Q A B 5/
R R), MR CoHy A9 2R B et il 11 1] Z0GA
KO eI RHGE T, B RE R R
/j*lrg E,(J [21,56] , }J\/J\:J: 1[19,55,57]§|Jj(q: 20[58-59] . jt:":
30100 B 2 7 U A 00 I R S o B
KT 50 ByRas®, ABrseeh, fER—40FF Rk
K Z B LA PN, /R BRI I E T 7 bR i
W AR AE D R BE T, RS R R RN
I A ] U T R R (BN 4 B .
RGE KB K FR B I A TR TR R 2 IR 4508 R ) R
R RHZEZ 1 5(5.25-11.52), HILal%l, 24k
R SN NG s B i i I A W I B ) 4 2R
BN, (AR R REZREZE RN,
WIRE B AN R, b m A s
AR RE S, TEE ] 2B i w e AR )
] LR 1 B 9 o T VR, N 2 R I A
A NI R R (H

R4 ZHERRESERERMBRERYRE
Table 4 The R ratio of ethylene production rate to N,
fixation rate

(7S R (L5 B R /1 S R )

Strain R ratio (ethylene production rate/N, fixation rate)

PB02 5.57+0.39d

PB06 5.25+0.53d

PB10 10.05+1.39b

BBO03 11.52+2.01a

BB06 5.49+0.55d

LRB02 7.83+1.08c

LRBO03 7.23+1.50¢
TF: RPBEAFR T bR, MRF RN 25 R R 3
IR (P>0.05)

Note: Values are means+standard deviations. Same letters indicate
no significant differences at 0.05 level

TERZEAET , AR 1E S PR iy e
BUAS e S ARG, AR A= ] AL & A1 F
A=Wy RN RO AR, R A
FH [ 00 A o ) AR R B — i I TR e, 5 Rt
AR FEAR E , BB AR v R 4 T B
it A R E T A 4 A R LA AR Y, 35 4Rt
A A B A A BT R 2 50% ) AT BT K
W, E—ERMT, mSWEHRER(800 pmol/L)XT
R W 2N B (Crocosphaera watsonii) B [ 2016 P ¢
AU AIHRAER, SRS RAE, [
TR B R b 5T R R AR M KT A 0
PRI, 30 e 366 DR TR S AR A o o] T E 0
PG, 3 A FH ) RS A A T AR A 1 A
P, (EfEE— AT,

B TAE AR AP i RILK RIS (Algae),
O T B W) O R BN R EE S, PR Ch I
(Cyanophytes)af itk 2% (Blue-Green Algae), HHJfF
R AR 2RIV S, TR AL
Gy KRBT HIE B MR sRf, 3%
TR MAESFREN A RER S RERER
BARA -3, BESFAEYFHARNERE, M
B A0SR IEFE AT T 12 BT A R J5A% A
Yy, B EE AR Y 43 2 i 4 TN A S A A )
Frfiy 24 HL] (International Code of Nomenclature of
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Z B # A International Code of
Nomenclature of Bacteria)7E 1978 4EC £33y,

2 TR AT ol i 4 MR R TR IR e . I%H
L7 br fv 44 0 W (International Code of

Nomenclature for Algae, Fungi and Plants, ZHiFRA
[72:74)

Prokaryotes ,

International Code of Botanical Nomenclature)'
TR 7 FIREL ) 27 9 XU 0 2 i 44 R GEE R 1 24 il
Iﬁ“éﬂﬁl%é’é?éﬁ (TR ALY Fh 4 T A A 3 28

WA RGNE, R 26 0 2 A 52
A I B A 4 B R R A Sk 2R 19 (Invalid

Name), Ul Nostoc 5. 75 [EF i 40 7 FAE )7
WE A Kf 4 2G0T M E SRR G IRFLT,
W2 TR 1) R G5 R R S HEAN A BHE R A T RN
BUEIT, DA B RS 7307 43 25 A 240 O 7T P 1)
PIRoKESE e, T Z M 07 1R Rl 4 5 o i E
— 5T o

ZE FRTR, ARBFSELL 3 FlUEA AN [ A BE S
IKFE AR, 4y AR BRI AE Y A R R
BRI A TR CE IR Nostocaceae) ik, #i4r
AT G [ R 2 TR TR [ LR e, A ELER
AR RRE T, IR TR AW RUE Y WE
U8, FATEAE RS N AN A
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