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FTEREMA RS ENE RO EZEZTRE. [ 6] KT H2E REDEH A4k, %Jﬁmﬂi%l A
N R GRLBAF TR, [F7%]1 KA BG- 11()%;@&1%;01\2%7&%4{# CBEAEREMA. &
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Fotk BARAE R AL N RO E K. L5 F, ZHAW®E T 4A2R%EF(Nostocaceae) Aliinostoc &, 4% A
Aliinostoc sp. d389-10. 7K¥ZFiXE4: R A, Btk d389-10 4 L E LA KBH B IA K, A LD E
KEGH IR E . RKAe T EHH3E A0 22.42%. 54.76%A 57.80%., LB RIEF, AP EHH d389-10 4
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Screening and identification of efficient nitrogen-fixing
cyanobacteria with plant growth-promoting potential from
paddy fields
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Abstract: [Background] The long-term flooding conditions in paddy fields and root exudates
of rice plants create a favorable environment for nitrogen-fixing microorganisms, among which
nitrogen-fixing cyanobacteria are the main contributors to biological nitrogen fixation in paddy
ecosystems. [Objective] To obtain efficient nitrogen-fixing cyanobacterial strains and provide
strain resources for enhancing biological nitrogen fixation in paddy fields. [Methods] The
BG-11y nitrogen-free medium was used to isolate nitrogen-fixing cyanobacteria from different
paddy soil samples. The isolates were screened based on nitrogenase activity, indole-3-acetic acid
(IAA) secretion ability, and siderophore production ability. The selected efficient nitrogen-fixing
strain was identified by morphological observation and methods of molecular biology. The plant
growth-promoting effect of the selected strain was evaluated by hydroponic and pot
experiments. [Results] An efficient nitrogen-fixing [239.27 nmol/(min-mg)] strain with high TAA
production (7.70 pg/mL) and robust siderophore secretion ability was screened out. It was
identified as a strain belonging to Aliinostoc of Nostocaceae and named Aliinostoc sp. d389-10.
This strain significantly promoted the growth of rice seedlings in hydroponic experiments,
increasing the plant height, root length, and dry weight by 22.42%, 54.76%, and 57.80%,
respectively. In pot experiments, inoculation with d389-10 significantly improved soil
nitrogenase activity and rice yield, while significantly increasing soil organic carbon, total
nitrogen, and available nutrients. [Conclusion] The strain d389-10 screened out is an efficient
nitrogen-fixing cyanobacterial strain with rice growth-promoting effect, with research value and
application potential.

Keywords: paddy soil; cyanobacteria; nitrogenase activity; indole-3-acetic acid (IAA);
siderophore; plant growth-promoting property

KRR PEREEAREFEZ—, & HRERATEEKZE 100 12, Rl ™5 57528
K 65% A py EEREl, ZENEWKE  56%A4 e 2 NI AR ToREY, 3ot Bk
AP FELERBINRZ —, KETRE kg WA BRIV PFHFEREFIMIERA . BT
A B 15-20 kg MAOKP, HEAhTE, 2050 45 EXFEMTR, Al A =R KRR RS
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H AR, B 1913 4 Haber-Bosch & B Tl &
B AR LI, A LR A HE A W73 i)
2017 4, e BRAOl AL F=IHAEL) 1.09 12 t BIES,
2] 2050 4E45 3% 2.49 12 47, SR, A
FES P9 2ok 30 P RIS 4 P ) SR A P S B 45
Jits A R R R A 40 LAY M AL(NOs . NHy
NH;. N,O. NO, &) FHETE AN B L R
AL, BT R ARCRE, FE, 5
2 B P15 v i R A 25 3 B — R 91 PR R (AN
ST KR E B IR )
Al ] s & R AR e e Wik, 7E
TR TIE A 4 7= Ak /0 PR 55 47 T 5 0 A TR T
T Ty FE LA A BUEIE e AR 15 3¢
HE,

Ay i) R [ R A 0 7 o RO R R T
W 25 S N 5678 R o G v R i A Y,
VED A 77 v — Rl FL s 7 i R AR R0 A
Tl H iy Z AT, A RO A P B R R
FORUR, N A RESRFEEM 1.93 12t A,
Hob Ry Rl RS R G2 0.4-1 42 ¢ BT,

a7/l N R s B e R = N S Sl i W
AR A, HA A AR A AR A OURR R
g A, AR A B AR T A Y S5
KA O R RR M S AT I AAE T, BAER
FHEY 0 =2 A M R a 20 Jhs, JE
AR R ECN FOK . KFERVNEEERAE T 24%
R EP, KRR, SRRt A BAR N
Refg M LAY E AR, (I EY R KM
WahnrEE, IR A R A SR,
H A RO A B4 A P i s bR, JRIA
TE T 18 A PR AR SRR X PR — ) S5 4 N RE
TSR, PEAEFFORAER, Wik, @)
o R A [ R A s R e T A, S
sk . Ao i B A AR

TEA AN L Z R, B BEFEA it /U

ISP — 48 — e ey s, 3w
Ji PR A 3 e A 0 Rk b T R P
Ladha 2PVl 50 A A [ AU B4R R K A BTk
22 kg/hm’. Bei S5P7h i HHA] JEAL PN, bRicd:
KA KRGS T 70 d BB TR, MBI FEAIE S
JERTELLT, A H Y & &N 45 kg/hm®, 5
FET £ 4 300 7 /K P 358 R R P AR 2R 40 0 400 Sy 1 L
A YR OL T B AR AR AR, BRI TR
HAE P R . AE S Ak R A 4 1 2R 32 2ok U
F AT, (HITIRF T 45 5 2 WA IH A= 4 11 &
FEAEA B ANE I, Rk A Ak
7 J& (Nostoc) . 21l i 22 3 J& (Leptol yngbya) F {5
B J& (Microcleus)™ . [ 40 W 41 1 — 7 1 m LA
B E A SRR, W EAE AR S —
T E R R 2 A MIE A, U AR,
DNTIE 3= 0 lav 1023 € Al N I = o )
[ AR ST ASTRD, PRI 3 o 0 0 R0 A o 4
e R H A [ 2R R s/ R it R LA E
B,

REKE LAz, BRRZE, ZRA
TR PR 23 5 1 R TR . AR ST UMAN [ b 5 7K
e A e o T R A R, R — 2D T AR
FEFLFE A, "5]WE-3- 2R (indole-3-acetic acid, IAA)
3 W AR AR A= 1 ) B 1 R 8 T 2R A R TR
Bk, I 2o A B R 6 0 7k 1 A 06 A [
RALAEWE T, DIy [ 260 NE A & 0 g FH B2
A= AR R

1 MR5r%

1.1 #
1.1.1 g RMKFERF

FHT IR RARAT 3 A AR 0 Bk B
Jb4 BT (39°2637.32"N, 118°9'22.68"E), il
T8 111 (40°26'29.76"N, 122°18'18.00"E) Fil
SN B T (27°35'1.68"N, 106°46'45.48"E) )
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KFEHBHEZ, KT 2 mm §i 5 E R, X
IO FY) 138 9 5 5351 R 389, 346 il £299.

T A A 0 - R R AT
T VAR X /IR L FR3%(32°35'5"N, 119°42'0"E)
HIK ARG HABFE)Z o %3 X A9 /KRG 128800 T 147
W+, B b, HIEEAVERTCY : pH 5.38,
+ ¥ 4 Lk (soil organic carbon, SOC) % &
13.17 glkg, 4% (total nitrogen, TN) & 1.43 g/kg,
4>t (total phosphorus, TP) & & 0.71 g/kg, 44f
(total potassium, TK)¥F i 6.59 gkg, W% A
(alkali-hydrolyzed nitrogen, AN) % i 54.92 mg/kg,
5% W (available phosphorus, AP) 7 & 12.84 mg/kg,
R4 (available potassium, AK) & & 76.55 mg/kg.

FH 7K 35 250 A 2 R i e i K R b UE A
55 B LI RFFEARRA A .
112 FERTFILEE

FastDNA Spin Kit for Soil, MP Biomedicals
/Al Premix Taq., pMD'™19-T #{&, TaKaRa
YN f e s il B S E 2T o Vi T

SAHETEL, Shimadzu 2 A ; Y627 e ,
Nikon /A ] ; NanoDrop 1000 ££4M Y6 G T,
Thermo Fisher Scientific 28 A ; & M fL 77
Y6, BioTek Instruments /A ; JCR 4T
{¥, Elementar Analysensysteme GmbH /A ],
1.1.3 EFRE

BG-11, JFREECRININ NaNO3)Z % SCHR[37]
Bei], R3S F= B 55 3 InBAg ks 10-15 g/L
1.2 [E %8S 40 B AY 07 1% K Th e E

FREL 10 g KT H3FE 8 F 250 mL TG —
FO R, A IA 100 mL &4 R
(100 mg/L)HIH A& BG-11, TRIE I, BEEH
FEAE T 28 CEBDCHIE A T, S
(14 h:10 h)Z5F T B 3R 95 . Y w 1 BUA (A 0E
7 I P M PR PR A (B TR V5 TR A BG-11, G
RIE IR BRI B SR, Frm 224 K B ) 4%

FREIR PRI D 22, RIS Fh T8 1 A TG R By 57
B b, b E R HE A A [ AU A e
PRo Haifb bR R TR BG-11, TAKE S+
B, 28 OGRS HR (14 h:10 h) &1 FHF B 1%,
2 JE G EB Rl LA T AR A 3R B A A
T 30%JC A H IS B T—80 CR I fRAEDY,

(] ST PR P A = SR 2B i it i
BRI 1) [ 0 RE 11000 e s Bk K (2 TR
BB FRERP T 125 mL A JCRE B P, NS
A 15 mL TCH WK BG-11, LA 5, 28 °C
RS AR S T B G R 2 o AR I 2 %5 &t
I, Bl S ISR TS AR 10%0 2
Hoohalifb )5 i R, RS E TSR 24 ho
NEEAN RS F8 0 FF AR 1.0 mL AR §h 1 AL
B O B R I 8 14 A S DA
PR B 2 BE L IRTISE 10 000 r/min 2.0 10 min
WCEERR, A 100%Z BEEEBUH-4% %, 4 °Cht
JEICE 24 h JE I E S BORAE 630, 645, 663 Fl
750 nm PERALPEARE . HERE a HIFHRARX
H: G E a (ug/mL)=11.64x(0ODge—OD7s0)—
2.16x(0ODg45—0D750)+0.10%(0ODg30—OD-s0)*! . 4
PRI 1) [ 20RE 7 LA 20 A6 3 2% [nmol/(min® mg)]
TR

TAA 43 UWABEJT R 7€ < SR ] Salkowski {8
P02 AR A TAA 43I RE 1™ s gl & o
W12 )RR MR RN T 58 2R (0.5 g/L)Y
WA BG-11, LRI IR, 28 OGB4+
TF#ERESE 3 )G 10 000 r/min #5.0 10 min 3545
W, BC1.0 mL BVEROIMASEARF Salkowski
AW, FARAT, RGN 30 min J5 I E IR
B WAE 530 nm P A RO E o FAAS [R) v BE 1)
IAA PrifEshZefilbriEh 2, WaatniEh &It 5
FRI TAA &,

BRI BB T IE R % KT S (chrome
azurol sulphonate, CAS) k{03 %2 B ik 1) 25 2
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A B AE 110, B B P I (2 S ) B TR AR
AT WA BG-11, TRIGFRE(LP)H, 28 °C
RS A S T E R % 3 )5, 10 000 r/min
250 10 min 2875 FVEW, B 1.0 mL BEIEWINA
SRR CAS [N, FeAriRAT, G 1 h
Je W AR 630 nm YA AL OB RE , KRR Y
WK BG-11o TAKG IR S X I BRI R
BCRE J7 AR B AR TG M R

BRI T BASE (Yo )=[ (R BB W ' JE —F
W2 S BE )X BRI S B 1% 100
1.3 BEHRAESEHER T FEIFEE
1.3.1  ZBABRZASHHIE B9 M 52

FRER A BREU D T 22 F Ty i b, T
Jn 10 pL TCRE KR 22 FA T, 6 baasi i, 8
Je2E B 40 15 BB T USSP 4RI 45
1.3.2 HE#KkAY 16S rRNA EEAFH DI RS
ZBEWMLE

fdi i FastDNA Spin Kit for Soil $2 Bt 4li 1k, 14
FRIF LI ZH DNA, {ii ] NanoDrop 1000 &4
J6OE BT E DNA f W B R4l B S BT
—20 °CLRAF. fHFHE 519 27F (5'-AGAGTTT
GATCMTGGCTCAG-3")Hl 1492R (5'-GGTTAC
CTTGTTACGACTT-3")*%} 4L # #k DNA (1
16S rRNA 2K P45 1T PCR ¥4, PCR
FW K ZR (20 uL): Premix Taq 10 pL, 1E. K[
5147(10 pmol/L)4% 0.75 uL, DNA Fi#z(20 ng/uL)
1 uL, ddH,0 #ME 20 uL., PCR JZ i 5514 94 °C
5min; 94 °C 1 min, 55°C 1 min, 72 °C 1.5 min,
30 MEFR; 72 °C 10 min, PCR =¥ &BiIEkE
U I E KRG N I B e A Ak Al Ak e W i R )
pMD ™ 19-T A 5 R FH — A )5 F AR 547 X 1]
ME . $IR1FHY 16S rRNA K [F 4 K FE 4 78
EzBioCloud (4% HiE1T BLAST X1, #d
i b X 25 R 2 5 [ WP A v AR X S 25 TR R
ST RGBT [ MEGA 6.0 5444

AT neighbor-joining Y R 58 & F WU,
i Kimura’s two-parameter model 1158 #E L 517
bootstrap {4 1 000 Y8,
1.4 EHRSKEBIEE KL
141 HEEEEMINES

WAL RS IR AL B 2 AR T
TR BG-11, LA IR, 28 COLMELH
(14 h:10 h) 254 M ErE 15 5% 2 )5 10 000 r/min
B0 10 min WERA, JCRVKP3E 3 W & T
4 °CTiHl.
1.4.2  KIEEMIKLE

TR /IN—F0. KRR Y K R D 1A
JCH =, A 75% B 5 min, {525
PR TG K M 3 30, ] 2% I AR AN
W2 2 min, I TCE K Z R bk B 2B IR A
(78 L RULY o R ) E LA P A U Ui = C i i
AR A P R IR L, 7R 28 °CE IR AR
BRFRAa T . — RS R AR AL K A
W (B ZFKE 3 cm /£47)F A 1.5 mL Eppendorf
BB, XIS ZIRES 0.5 cm IR
TEARBFE(EAR 7 cm, & 8 cm) b7 ¥R ALE
BIAR RO, KR R ELA 300 mL EE
WK BG-11o TRAKGFREE, I 5 el br
15 AN EDE RSB 1 MUKRELI . R
BREMAAEM 2 AR R TR
BG-11 TARG SR A — KA 0.02 g B fif 1)
AR (5 KT 90% A 4T), AREEF AN
AFEREER B TC R K, AP RE 3 M
i KA B T 28 °ClE DG BB FR46 ot
2285 (14 h:10 hyRE 3%, 4 J& J5 g K RE 4 i i
PR . MK A TEAR T,
143 ZREMIKE

FREL 7.2 kg & 5 mm G (9 T 02 2 A
FEER, WK 10 d J5 R REAR 2 PR FEARIIAY K
IR I AR RDK AT H . BT, AR
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HEBEAL (70 kg/hm® P,0s)FIEHAE(70 kg/hm® K,0),
ANt N o B AR R LK T A T SO A 4
b IR B RUREERD 2 AN b KA
WSS, EREAN AL B KRG FE R — IR
PEIACHT i W5 40 R A ) 5.6 g (/K ER 90% /8
A7), AR IS AN TR (0 KRR A X R, B4k
HRE 3 AEE . RS R A A
B, TE A SR AR AR R A 5 0 - A
FEARAE i A o AR g A, 3R
FH T A 558 1 R 9 R B TR A R

48 U I A SR A R
T - 398 A [ R B2 K AR IR I iR B
10 g Hrfif 13%(0-1 cm) T 125 mL BEEGHH, I
FARR R ZE % B, Bl S T SN 10% 1)
SR EWNAALIE I CHRSR, TE 28 CCHERE A
BN ERERESE 24 ho WA IR HhEL
1.0 mL SRR S I AR AT GBS TR 2
A SRR AT AL rp DA S 77 26 1) M R o - 458 [
RBEFEPE LA 29854 B3 2 [nmol/(h- g) 1387 o

IR BT AW E - AR S5 SRS 1]
HEAT 3 PR AR T I o R FH A R 1
SE TIEA LK (SOC) . 1 I IC R 7 A A I 1358
2 R(TN) o R A 47 80 I 1 38 A R
(AN), THEFELZ HS0,-HCI0, W i, FI4H
B UL AR E & (TP) . MM A
HF-HCIO, 4 f# )5, F KK 6 B F I 4= 4
(TK)., AW (AP)] NaHCO; (0.5 mol/L, pH
8.50)i 5 i AR B6 T Eb (2 7501 22 o 3L A1 (AK)
Fil NH4,OAc (1.0 mol/L)H B F ka6 EE 1
M
1.5 BT

i F SPSS 20.0 AT EcH EA T 1, XF
PR PR [ U M . TAA AR BRE 0 Ak AR A A
AE R T BRI R 7 2240 AT Al Duncan k2 HE
BE(P<0.05)o {5 FH t 4G50 b8 K B i 06 A0 47K 1t

0% v R 2 25090 () 149 22 57 (P<0.05) . GraphPad
Prism R {F i T2 Bl

2 HZRE5OM

21 DEERKNEREEME

K BG-110 TTEIE TR 3 7K FG A3t
GRVEH 8 MREEANTE, Horh I AtAE FE LT A K
B 3 Bk(d389-02 . d389-03 il
d389-10); ML 748 Ll B/KRE - H 2 3 #k
(b346-02. b346-06 F1 b346-08); M SR 4E 1 S TH
B KR 140 B H 2 Bk (£299-01 FT £299-02)., {5
A T % 43 B TR AR 1 T R0 T i E A T I A
SEOLANIE 1 PR, UGS 0 A A TR A AR HL A
—EMERRE S . EAR d389-10 B2 M A i
R E, N 239.27 nmol/(min-mg), & & TH
MR HUOR R RR b346-08, M A B F N
195.01 nmol/(min-mg); Ktk b346-06 1) L4
R AL, A 27.52 nmol/(min-mg).

cd

L C
d
< e
LI I
i ]
5 g e e S Vo™

300
a

250t i[ "
2 200 j—_L

=
=

Ethylene production rate
(nmol/(min-mg))
>
=

L
=]

B 1 SEEHRNEREEE(CHEREREERRT)
B iR 2L RIRMEZE (n=3), AE/INE FRERR
b ] 22 57 4 2 (P<0.05)

Figure 1 Nitrogenase activity of isolated strain
(expressed as ethylene production rate). The error
bars in the figure represent the standard deviation

(n=3), and different lowercase letters indicate
significant differences between treatments (P<0.05).
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2.2 SEEKE IAA SNSRI RS Al BE

TAA S0 RN 3k i A B RE 7 2 41 A B s
HAMFE. W3k 1 i, Wk £299-02
d389-10 i TAA it , 73l i5 2 9.33 pg/mL
1 7.70 pg/mL o BREAIE P T 50% 01 TR bk E #
Bl RS2 AR 0 i A TRAR D e 4 SR R
B, Btk d389-03, d389-10. b346-02 Fi1 £299-01
PRI A B RE Tk, MEEHI KT 60%.
R, 2856 T 2B T P 25 5, FRATTI R B
PR d389-10 2 HL W 7 i s R AU vk, T
FoK KGR g s — 2 B TR AR R
2.3 EFE d389-10 HIRSHHEM D FEY
FEEER

i 35 ok 1) R 2K T AU B iR d389-10 A [l {4
BG-11, LRGSR B35 2 G, Wk
o, FmARE; @i BB WE LB, ikl
i B SCERERIE | 224k . aki(# 2). it
—FRIFFEARIRAT T Hivk d389-10 9 16S rRNA
R AEKF, #4258 NCBI #¥E 2+ GenBank

R1 DEEERE IAA Db FNERE A E R AE
Table 1 IAA production and siderophore production
ability of isolated strains

Strain No. IAA production Siderophore
(ug/mL) production (%)
d389-02 6.79+0.40¢ 39.91+1.75d
d389-03 1.80+0.06¢ 74.12+3.31a
d389-10 7.70+0.12b 67.84+0.67b
b346-02 1.89+£0.21¢ 76.54+4.17a
b346-06 6.85+0.35¢ 45.034+3.78¢
b346-08 6.96:+0.39¢ 8.08+1.47e
£299-01 3.85+0.15d 72.37+3.95ab
£299-02 9.33+0.67a 5.26+1.20e

T B ARV Y (05 1 22 (n=3), RSB /NG FhEA
[i5] & 7 Ak B ] 22 57 (3 (P<0.05)

The data in the table represents the mean+SD (n=3), while
different lowercase letters in the same column of data

indicate  significant differences between treatments
(P<0.05).

2 EH d389-10 HEFA)FMARMBFS
FrR=20 um

Figure 2 Colony (A) and cell (B) morphology of
strain d389-10. Bar: 20 pm.

50 PP152228. H1%/F 4 #E EzBioCloud %X
Pt E4T BLAST HoXt, 25 BoR, kS
Aliinostoc catenatum SA24" () 3£ 4% 5 R il , M
WUEEEF] 100%, 7E3H:T neighbor-joining Witk
f) 16S rRNA B R %50k B R & 30 T ALY
g5, W 3 s, kR d389-10 5 Aliinostoc
catenatum SA24" ) R G0 K FE B fcilt , BT
FRJE T &2k R (Nostocaceae) Aliinostoc J& , F-4#5
144 Aliinostoc sp. d389-10,
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B3 ETEH d389-10 9 16S rRNA EFFIIMBHNRGELEN 5T NS E R GenBank £
F5 s KT 50%09 A (1 000 YCHE A F 43 ) R TE ARSI R B AR AR 0.5% )7 51 Ak 22 57
Figure 3 Phylogenetic tree based on the 16S rRNA gene sequence of strain d389-10. The GenBank

accession numbers for each strain are given in parentheses; Bootstrap values (percentage of 1 000 repetitions)
over 50% are displayed on branch nodes; Bar, 0.5% of sequence evolutionary differences.

2.4 TEHk d389-10 BU/KIZIRER Oy RN, EXF TP H TK M A K. A
FEwR d389-10 A FIRKEMMBIAIK P REFFTIE, 13 SOC H TN 4514

FEgh, EEFE 4 F R MEOKAE A RORD . 15.12%%1 4.55%; #HAF5rH, AN, AP fil AK

SRR 2 FE 4 FoR, Wik d389-10 2 T 205340 10.05% . 28.70%7F1 35.70%.

KRR AR, BT AR, e

MR R T8 1 hn, 43 38 22.42% . * 2 EFk d389-10 JHKFELNE 4 KRG

54.76%H1 57.80%. M, Hikk d389-10 Xf /K Table 2 Effects of strain d389-10 on the growth of

WREN DB 0, TR e

Indicator CK Strain
W, AT EEINT 73.00%, iy Ezsmt+ d389-10
EJ”JJijJH 47.87%. Plant height (cm) 9.4340.25b 11.54+0.45a
2.5 H& d389-10 E"] ﬁﬁ{&ﬂi?ﬁ% Root length (cm) 9.76+£0.52b 15.10+1.12a

SRR LR AR T ORI R T IR, Shoot dry weight (mg/plant) 34.40+4.85b 50.87+5.85a
élﬂE‘Jﬁ@/\ﬁ%%%?i%@ﬁ@ﬁ{ﬁ'@(@ 5). Ro;tldrylweizzht (mg/}})llant) 22.47i4.39z 38.87+x1.97a
. 2 . - " t ight 56.87+9.16b 89.73+7.03

AR B, HeRh d389-10 AEMSELMEKRRREGE oo 0T :
AR IR . IR 3 B, KR R P bRl 2% (n=3), [R5 /NG TR
Hibkmo bk . MR ARG A N, R gy RO B (P<0.09)

. The data in the table represents the mean+SD (n=3), while
BIBEN 5.53% . 13.66%F1 29.27%. HIZE 4 AT A,

different lowercase letters in peer data indicate significant

MAB R KRG, T3E SOC. TN FIHERL differences between treatments (P<0.05).
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Strain d389-10

4 EHk d389-10 Xt7kFELEH_EERAAR RERZNE
Figure 4 Effects of strain d389-10 on the shoots
and the roots of rice seedlings.

20

Ethylene production rate (nmol/(h-g))
=)
I

CK Strain d389-10

5 Etk d389-10 X HIRE REEERNN(ZH
ERERTR)  BIPIRELARRHEZE0N=3), &
) /NG R 7R A Bl ] 22 57 4 2 (P<0.05)

Figure 5 Effect of strain d389-10 on soil nitrogenase
activity (expressed as ethylene production rate). The
error bars in the figure represent the standard
deviation (n=3), and different lowercase letters

indicate significant differences between treatments
(P<0.05).

#*3 EHK d389-10 XKFEE KIS
Table 3  Effects of strain d389-10 on the growth of

rice plants

Indicator CK Strain
d389-10

Plant height (cm) 78.33+0.76a 82.67+2.75a
Spike dry weight (g/pot) 36.66+£2.20b 41.67+1.67a
Straw dry weight (g/pot) 29.58+4.78a 28.22+2.45a
Root dry weight (g/pot) 6.31£0.76b  8.16+0.59a
Whole plant dry weight 72.55+2.70b  78.05+1.47a
(g/pot)

R PRI R E 22 (n=3), [RFTEE /N E TR
[F) 7R b FR ) 22 5 B 2 (P<0.05)

The data in the table represents the mean+SD (n=3), while
different lowercase letters in peer data indicate significant
differences between treatments (P<0.05).

=4 HEk d389-10 X HIEIBIL 14 RAI RN

Table 4 Effects of strain d389-10 on soil
physicochemical properties

Indicator CK Strain d389-10

SOC (g/kg) 13.65+0.64b 15.72+0.84a

TN (g/kg) 1.43+0.02b 1.50+0.03a

TP (g/kg) 0.56+0.07a 0.67+0.04a

TK (g/kg) 7.75+0.81a 8.14+0.36a

AN (mg/kg) 57.20+1.84b 62.95+2.29a

AP (mg/kg) 14.10+0.93b 18.14%1.66a

AK (mg/kg) 71.34+8.91b 96.80+10.10a

TP B U B 05 1 22 (n=3), [T B/ NG FREA
[F] 7% b B ] 2 57 i 2 (P<0.05); SOC: 34 HLiK ; TN:
2R TP: &k TK: 2#; AN: B#E; AP: A%
W AK: Hsip

The data in the table represents the mean+SD (n=3), while
different lowercase letters in peer data indicate significant
differences between treatments (P<0.05); SOC: Soil organic
carbon; TN: Total nitrogen; TP: Total phosphorus; TK: Total
potassium; AN: Alkali-hydrolyzed nitrogen; AP: Available
phosphorus; AK: Available potassium.

3 WREER

ANy — P8 A by M2 T rT AT Y
AW Wi 1@%¢F£ﬁﬁﬂﬂj&/'\%ﬁiﬁﬁ*ﬂrﬁ
TS0, 7 AT RSO Hh B B Ty
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T R AN TR R BE 1o, it S RE R R e
N A SR R, TR AR B AR AT
Rt R P —SEIEAN R Rk, WA Bk
(Nostoc muscorum) ., £ i i (Anabaena variabilis) |
B 3 (Tolypothrix tenuis) F1 45 4 3% (Aulosira
fertilissima), BN ZA B EWILEET, 5
H ARG A e A K2t TR R IRET,
TR K R TR RS SRR R,
JE [ R A0 T 4 B O B R . Pham 258
BG-11, JOARGF7 2 M\ g /KA 1 rp 43 8 4
13 #k /& Bk (Nostoc) ., Bao PN iERG 44 1110 E
R H o AR 3] 6 RIS AN, B A
PR & 2K 4 (Nostoc) Fil £ JJ 1 (Anabaena) 7% 3 # .
Hu S5 PR AR 4 v 43 B A5 31— A 78 R Ak R
15 YL 1 7K FE 4 rh B A AR T ) Y [ R 2
BB kE Aliinostoc sp. YYLX235. AWsE —3t4
B 8 PRI AR TR, o 4 BRad [ AU S 1
% T 100 nmol/(min-mg), Btk d389-10 F [l &k
TR =, 4 239.27 nmol/(min-mg)., Ahmed 251!
MRS 5 ARIEA T, SR Bt J5 ]
ERI 3 KRk 407 (Leptolyngbya sp. MMG-1 .
Chroococcidiopsis sp. MMG-5 1 MMG-6)E.4
6l 2 RE 1, [ &URE J1 20 %l 0.65. 0.95 Al
0.76 pmol/(d-g). Bhattacharyya 2418 T 8 tk
W 20 T 0 [ R EE S M, b 2 bk A R
(Anabaena) 1) [ & BiE 14 435714 3.47 nmol/(h-pug)
F10.18 nmol/(h-pg), 2 PREIKAE(Nostoc) i [l i
TEMESY 514 0.54 nmol/(h-pg)F1 0.98 nmol/(h-pg).
HUL E B R e, AU i R Y [ &
WA AR R A S A AR S, ERANH
WM SRR, 8 7 B R
bR T AR R Z A, T E R AR BRI S
BRSPS AR AR AR TR, BIIAER R | R
E IR T TR T S S 7 [ S FAla ¥ o -0

PR ZAHGE, PR 202 1AA, Bl
R O Z IR G TAA RAEKEREK
Wb i B R L, TEAR YA RN LA K
508 W 40 853 A AR 56 1 3 R T R AR O
Hussain 27 AR FH 0 36 HY B4 5 Wk 05 20 18 35 E 2
W IAA AL 545, MG Re R E iR S /N4
P &% . EES. BERKAFFRLE . Osman
SO R B, A TAA SrIBRE T 2 PR 40
MBI R3S T R ZFRMARK S (R
FEARAC | B RS | T E RN TR Chittapun
SN T 2 MR TAA 4310 BE 1 R 14 A Bk
T, BRIOKRE I & (e T KA
R M)A K, Zarezadeh U0\ + 18 rh /3 B 45 5|
#J 3 Bk 4074 (Nostoc carneum ISB8S. Nostoc
punctiforme ISB90 #1 Wollea vaginicola ISB89)
HA A 0E-3- PR . 5[k-3- S iR Fig|e-3-T
BRIRE ST, e B T R Rk
Ko AWK R AR Tl R I T2
SR, WA BN K AR R A K B AR 4
AVER, HARRICIR K AR TEAS I, #
FNERF B EES Y, HARKIRN S5
PR b b FR AT A AR R E RS 0 7 R B
PIAISET, Bikk d389-10 G (5 /K R &
SR AR, G ) T 4 D\ 858 oK 43
FR4r, HEMR SR R A

VE R 7K A8 e R R Y [ A A 2
—, WA B TR KRS Y B SRR B0
PN R BB AR 4 1y FFUE B T A0 R e K AR R
Hhm U B A . AR AR A
B A AE AR AR P BB 2 100%, X R /K AR
LR ) P 5 200 R 61 52 A R AL T D i 4R
A, EMEEER S D ERS T HEAEY
B ARE ), BN T 1% SOC, TN ML S+
SrE SR, SRBNERRYVE ATARRL, [ 0 4
R 3 o [ AUV A R AR A TS MR, 7R
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TIBET 53 i I 218 B0 28 224 A AR A O
PR ED U 4 e AR 5 R pl A
1 7 - ENE T AR, W AN TR AR S I L O A 1
FAW I CO, SE BB A 81 2, 38 0 =S98 45 AL A 1)
U R AN B 43 U B S I T LA
R TG, I R R,
kg 3 AP &R LA YRR &
2 5 A R B 5E A, Dash ZEBMEFR, 7R A
SR AT B o A0 TR 2 7 R AR R A
R AE R R RURR 77, 26 3 P 0N ke
155 200 7 ) SR KRG B 88777 . Zhang SR 2T
8 1 BIFFEAS [R) SN0 R 22 o 50 6 BE X KRG = it
TR, 45 R IR I ARGk
A RE Al Hp e i KA SR I, 30%
B A A BT DA AR REK R 7 6. TASHIESY
FEAE R AR e HE AUt 58, PR
B — LI R IR 50 R Ak d389-10 ZERL G A
JE it B 255, DR B B3l 1 SRUIE Rz
R, 7o, ABFRAE KSR 5T
WE AN TR O AEIG AR T, AR B Rh A B 0 /K 547 vh ]
DIWLEE R Bk d389-10 HYHH B B4, i H.
R IRAT Rk ] W A R R KRR AR R b T
PPk d389-10 Jiti FH 2] 35 1 I 0Lk A 1
HREERFSE .

AGRIE M 3 A KRG AR S LR 1 8 Bk
] R A T o 3 e i — 2D 0 i AR A — PR e HLARE
A BB 7 1 i R0 1 2R AN TR PR PR d389-10, L4
R & Mo~ 239.27 nmol/(min-mg), 1AA 73 WARE
M 7.70 pg/mL, EREARFUWHEETIRT 50%. K
T 16S rRNA B 741 L X Fil R 48 &k & W4 br
ML, KRR E &k B FH(Nostocaceae)
Aliinostoc J& o 7K B3 56 A1 4 Ak X 00 i 25 S 2k
B . AR BRI RE = - R [ R BE T
W RN R ARG A RN 337 20 A 38 i, ph g ]
DA% B R B A ARG B W ST . KBS ER

PIE5 IR TE LI = 50 T R, AR K
55 W Z AR RS B R S P AE R S50 R R T
1y, B REARKER —ERNZER, A0t
— 2 I JE R H 18] 30 R o ik TR Pk d389-10 1Y
HER R
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