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Study on the improvement of rice flooding tolerance by
endophytic actinomycete OsiLf-2
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Regulation,College of Biology,Hunan University,Changsha,410082)

Abstract: Flooding direct seeding technology has been widely used in rice production practice in recent
years, which can not only save costs and increase efficiency, but also effectively control weeds and
prevent birds and rodents from biting. However, flooding direct seeding causes seeds to be in a flooded
state, which easily causes rotten roots, rotten buds, and rotten seedlings phenomenon, which in turn
triggers the consequences of low seedling rate, yield decline, and so on, seriously restricting the
application and development of flooding direct seeding technology. In this study, we found that the
treatment of rice endophytic actinomycete OsiLf-2 could improve the resistance of rice to flooding stress,
thus increasing the seedling success rate of rice under flooded direct seeding. Moreover, OsiLf-2
colonized in rice and stabilized symbiosis with rice plants, effectively increasing shoot length, SPAD,
plant height, root length, aboveground and belowground fresh dry weight of flooded plants. Thus, the
endophytic actinomycete OsiLf-2 improved the flooding tolerance of rice through mutualistic symbiosis
with rice.
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HREFFRIA, PR, $E KR B AT A RE 70T A AR e 7K LR /KRR 4T i T 1 PR S 3 i 2
*,

PN AR (Plant endophyte) J&AEfEFEREANZHEH R, 76 H A iy A TN A 250
T EHYIE AR EE, TR KRR RN, AAERAMUGEREEYEKKEY, @&
RELER YT AE P AR AL Y e ok P2 v R ¥ BB FH o ROIIF 7 IE S 4 26 B nT LA JE o k2 i
JiE AR B, 3 WA A R S A7) I VRTI2 h Jik R) R S VA i A SR SR A R T 52
(R P ie .

K IpE & T ARV i) —Ff, S EREIE O TR 1B, S BUERRIRIZ 2
], KN, FEEIETIE. HETA A AR R mK B HERE ) BT FOIE R iGE . 7K
B Streptomyces albidoflavus OsiLf-2 Jy i @i 2H i HA MK FEAR 73 25 0 % SR A (1) — Wk N 2E
JRCERTA o T S50 5 0T FUAE B OsiLf-2 BAT 4 s iR s 1 014 B 5 Jeiid £R 021 e 77,
AR HOG AR 7K P36 ) S AN B, DR AR P06 OsiLf-2 1551 5 7= A e K i e i AT 4

1 MES

1.1 sERbrel

BRMRE: KFE N AT Streptomyces albidoflavus OsiLf-2 (GeneBank &35 :
NZ_MNPQO00000000.1) , H [ e fit 24 49 B A AR ek 22 R O fR 5K 5 : (CGMCC No. 11673)
I EHKTEAR R, LU i FR OsiLf-2.

VIR RIRG 93-11 e BERE 15, TSR 1151 B AR RV RHF i 72 B o

12 BHRREEIRFAE R &

18 FH K B i (AR R Bz PR R e I U 241 OsiLf-2 (B (I 8) fll-F4hh T PDA K973t
HRE IR B IR AN 30°CEARE 3] B 15 7% . Arfl T B FH A A5 4 0 MK S SR 15 1 1 BRI
A8 P 1t 3R OB i) A R 4
1.3 KEMHFHESEFE

Y Phik J5 K REAh 7 B T KR e RIS R I CRL R R 7 KB a5 (8 v TAE & ik
17 5 TN 5% LW 7 30 A6, 5122 J5 NN 30% /M4 SE IS 0 30 234, i TG B 7Kk v
PelR B 5 K FEF 7 238 A RS, TR G B ZKIRIE 10 408, (814 LA ik B
KA JETERB I TAE & I kT
1.4 OsiLf-2 WK T HEE

Yo 85 T KRR P30 N Fi i PR CK. AbEEAE OsiLf-2) , {3 FH il % 4 1)
OsiLf-2 fii 7 2IFM 53 ke (100 mL 253 7/K+0.3 g B IEAR, KM moike, Kk
HrREE T KRR 7RI OKRER: BBV #Eki=1g: 51puL: 463puL) , XJHRA
CK TR /KATRIE ORFEMT: THK: #EK=1g: 51pL: 463pul) . fEE#EF LIE
BN TEIMNEELHE K, 28°CERE M N HZE.
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15 JKFEFRRAKAE. BN E

1) K B 2F 5 B KRR T B T 50 mL B0, SERIVE K AL, HEAKIREE 5cm,
FEANACTE 10 B, BEH AT AEKREREFRAR PR = 0%, 30 °COLME 14 /i, 25°C
% 10 /NI, VR 70%, JGIESREE B E A 800 umol / (M2 ). M 1-4 KK 4 IR ZER K
.

2) ¥ K EE AWK RER AR K RN g Ot E R =2 D
TN 35 Fl, B =APAT, 1 REHEKACEE, WEKEREE 5 om, /KFEEFRAE %A F L.
MR —Bigh v K KT PG5 R S8 A A AL B K R KRS i 5 E 14 K 21 Rl E# K
FEPRIT SPAD. #hmn. AR L3 & T B 8 548

3) HIAEFR (RKERR) - MR HA TR A KD T 2 T EMNEE KA BT
FERHCYD IR I I & 3 (JB4 N: 28<19'20.46", R4 E: 112940'31.83") , R H K E &
WFEA (CK. OsiLf-2) =4H-¥17, #HETN 200 BUKFER 7, HARZKM 5 M, 2 R
JEHEK, 14 RIGHEK, 6 ARG K B 7% R % .

1.6 DNA #HU & qRT-PCR 43+#71

L HE A ] B ] AR DL ZURE & 0.05 g, {8 Ezup #EaUHEIFE K 4 DNA SR & (EZ-

10 Spin Column Plant Genomic DNA Purification Kit, CAS: B518261-0050) J£HU/KFEHE 5 (1)

DNA. PLP A2 OsiLf-2 [r{# 57 # X RpoA (a-subunit of RNA polymerase) # ¥

HRR AR, KAEHEEK OsUbq (arice genomic ubiquitin DNA) N &R, @it gRT-PCR

(Quantitative Real-time PCR) % OsiLf-2 7E7KHE & Fa AR X B AR AT 70 b, LARfE
OsiLf-2 fE# /KK FE e IEOL. SIFFIE 1.

R 1 KB qRT-PCR FTAI 5
Tab. 1 The primers used for qRT-PCR

FE A Gene 1975 (5°-3)

OsUbg-F TTCTGGTCCTTCCACTTTCAG
OsUbg-R ACGATTGATTTAACCAGTCCATGA
RpoA-F GTCTCCGCCGTCCAGAACAA
RpoA-R ACCGAACAGCTCGACCAGGG

qRT-PCR A A5 F F 3 v M 5 A B I B A 7] ChamQ Universal SYBR gPCR
Master Mix (SYBR Green | #& 752 6i5E1E4T qPCR N H TR R #E1T, RMNAKRUFE
2 fius:

£ 2 qRT-PCR KPR FR
Tab. 2 qRT-PCR reaction system
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%l R (ul)
2 x ChamQ Universal SYBR qPCR Master Mix 5
¥ (F) 0.3
54 (R) 0.3
ddH20 2.4
DNA iR (5 x) 2
110
SRR BEE IR 3 TR
% 3 qRT-PCR RLFEfF
Tab. 3 qRT-PCR reaction program
A PRATR Uit 5 IS [A) (B
AR 95°C 30s 1
95°C Ss
[N cooc 20 40
95°C 15s
EY HiERT 60°C 60's 1
95°C 15s
115

2 BREW®

2.1 OsiLf-2 B KREBLEWR B iRk

fFAANFEE (108, 107 F1 108 CFU/ML) ) OsiLf-2 /i FBF B /KFEM 1, HAN
A2 B OsiLf-2 AN A G R FE X AOK FE R FAE K sgma . il 1 A B, AR 107 (1)
120 OsilLf-2 1l T B I B R A, 7K R 25 4 34 228 v TR Dy 108, 108 CFU/mL AbHE 41 J CK.,
1-4 K EI IR SER K BE Grit 5 S R B OsiLf-2 f ik B o 107 CFU/mL i, B ZF KR & T
He bR (B 1B) o i U E A 108 CFU/mL B8 108 CFU/mL OsiLf-2 £ /K A1t
GE BRI KOK B IR MK E S CK B A ZE AR, FiRgE REW N AR
OsiLf-2 X 7K ARE I 27 85K B s 5 Ak P 2 DD AF O, A v A {1 )/ B 3R P 0 o /K
125 (A = A — s s, A8 3 IR P A B K FE AT 7, A R 45 H B AR AR A - BT LA,
i 3E 107 CFU/mL OsiLf-2 L35 /K Fe Fl -1 6 K REIE ZE B TE WK AR KRR e
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OsiLf-2
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-
-
AnnER

B 1 NHEWRE OsiLf-2 XK KRS8 BRI
(A) ARFEIKRFE OsiLf-2 Wi /KFEIEZEREIEAS, IR N 1em;  (B) AIEVKEE OsiLf-2 f3 f5 /K Fg e 2
K ES
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4+ - Lf-210°
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Coleoptile length/ cm
N
1

Fig. 1 Effect of different concentrations of OsiLf-2 on the length of embryo sheath in flooded rice
(A) Morphology of rice blast sheaths after OsiLf-2 embedding at different concentrations, with a scale bar of 1 cm;

(B) Statistics on the length of rice blast sheaths after OsiLf-2 embedding at different concentrations.

2.2 LIMEIKOKTEEE BT

N TR Osilf-2 b FUN /K KRS i R 52, JRATTE R Dy 107 CFU/mL OsiLf-2
TR HKRER T, B4 CK 5 OsiLf-2 LB S /K KRG AR i . 453 E 2
A 7R, OsiLf-2 Ab3#2H 55 A CK 7E 2 DU RIS )y i 3 JH 6 SRBKTHT, 1T OsiLf-2 Ab 32 1
4l H KB = T IR CK, 7E 4-8 R ZIH], Osilf-2 ikl i — E s T 4 CK,
VAR B OsiLf-2 AR /KRS AT E KRB A e MK IR P i A K. S 10 RIFGR, K
I, OsiLf-2 Ab3E 5 /K AB S B /K Bz e T B2, Ui IR MK W (1 )5 ) OsiLf-2 &
PE T EE MR R BRI K . SEIG = AT TR B, OsiLf-2 & —kmr= KR
(15| 4-3- 7,1, Indole-3-acetic acid, IAA) Kk, ffﬁ*ﬁa‘éﬁ?ﬁﬁi? IAA 1] DL 52 T
FKOKFEIE W K FE 3181, [, JRATTHEN OsiLf-2 AT AEEt 706 1AA SRALHEA K T 41
e, AT PRI AR R B A AR T L AU AR 21 RINF OsiLf-2 &b (K 2B) 14
KAEB BT CK, AU REIRA CK # 1 14.29% (R 4) , ERS R Ui OsiLf-2

REIEI 70U IAA SRAEZEME KK R RO J AR, b — B4 T W AOKRE M A 2, 19
T IR RGNS HE K e T
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Time/d

Bl 2 OsiLf-2 Xof¥EK KRG B IR
(A) OsiLf-2 4 Hf5HEAOKTE i i ¥l 4tit:  (B) OsiLf-2 AL FE #7KKFE 21d A2 K Af L.
Fig. 2 Effect of OsiLf-2 on seedling establishment in flooded rice
(A) Statistics on the dynamics of seedling emergence number in flooded rice after OsiLf-2 treatment; (B) Growth

of flooded rice for 21 d after OsiLf-2 treatment.

R 4 AR ER HHE K KRS B %

Tab. 4 Flooded rice seedling success

Y hpEiE| D ES
CK 60%
OsiLf-2 74.29%

2.3 TEMEKKBEERHSZESRE (SPAD) |« BRE. R &L B et

BT

N T HE—BERTT OsiLf-2 b JE b HE KK ARG, AT E I T 21 KKK
FARIH SRS (SPAD) « FRin MR B bkt e+ E A KiRbr. SRER (K
3A-G) , OsiLf-2 ALB 5 HAKRERI 43 &8 (SPAD) . MK, M EEfFE ., My
AT E L MR AR ERIM R A B R 5T 1 3.69%. 6.01%. 6.63%. 5.27%. 7.96%-.
10.14%71 0.59%, HHr OsiLf-2 &bB 5 /KRB BAAHEL, H SPAD. #kiEr. i b ffff s
Jo R E e EE B35 5T DA R4 B OsiLf-2 A0 3 R KRG AT e #E v AOK R O & 1EH, I
AR KRG B ek i, (A PR A AR A K IR S A K AR Ik . 534, OsilLf-
2 KRS KRG R AR A AR G, ot BRI N AR R S T (B 3D. P, BEAN
AT OsiLf-2 515 F VY BUEL AL A 6 R AR m/K ARG E RSO FI I R 77, AT (2 i A ik
AR E o 1M OsiLf-2 Ak B K K FE IAR A VA 35 R U, T RE R AEHE KIS L T,
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170 KRBT R E M BRIy, (LA PRRE K UK, AN E TR AR KBTI
FTA, OsiLf-2 fEIR I 5E T X ACOK AR 105 T KRR — @ R IS THE N, 38
ok BRI GE AR B A1 OsiLf-2 ] $2 K R /K 1 g

A SPAD B Plant height C Root length
30 40 10+ 36 620
+3.69% +6.01%
304 &7
20 5 5
- = 6
- =
‘§7 20 B
T 5 4
104
104
24
0 o o
CK OsiLf-2 CK OsiLt-2 CK OsiLt-2
D E
Fresh weight (aboveground) Dry weight (aboveground) Fresh weight (underground) Dry weight (underground)
0.5 0.05- 0.15- 0.020
+7.96% +10.14%
+5.27%
o 04 0.04 > 0.0154
z =2 Zoo o +0.59%
& 0.3 £ 0.03 =) ]
® 5 B 240104
z H z £
£ 0.2 0.02- =
8 g & 0.054 g
w w 0.0054
0.14 0.01
0.0- 0.00- 0.00- 0.000-!
CK Osilf-2 CK OsilLf-2 CK Osilf-2 CK Osilf-2

175

180

185

B 3 OsiLf-2 AbEfEHEK 21 d KBRS T4 KR
(B) #hE; (© REK; (D) My E#pffE, (BE) i E3TH;
TEpEEE, (G) MUFETH.

Fig. 3 Growth indexes of rice flooded for 21d after OsiLf-2 treatment

(A) SPAD (H4ER) &8, (F) Hh

(A) SPAD; (B) Plant height; (C) Root length; (D) Aboveground fresh weight; (E) Aboveground dry weight; (F)

Underground fresh weight; (G) Underground dry weight.

2.4 OsiLf-2 ZE/KFELE + K o Hr

FIREE R ORI AT Osilf-2 AT 5 /K REMt MERI BE 7T, 35 T R IA TR AR HE K K g
(€ BE S OLHEAT T AR A o S5 SR UNIE 4 B, 24 h I Osilf-2 fEMAOKRE A 7 W46 €
SE, BB A] OsiLf-2 el 7Y B S i A s K I T8, T 72 h N sl 5ok
FatamRILE . XSRS RSO (B 2A) , OsiLf-2 76 72 h N Fe e i T /K Fa R i
T3 T 4 RIFHKKFELE 1 K, B OsiLf-2 515 3K RE4s & R BB BRI R R,
i WK AE S B PR S HORAH AR TS S Pria . dml W, Osilf-2 ] AR E 5 T
HKOKFEAN, 518 32 BB I A G v 7K A A i e e
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[3,]
1
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o CK
w0 Osilf-2

Relative OsiLf-2 biomass
RpoA(OsiLf-2) : OsUbg

Time/h

4 OsiLf-2 FEH 7KK RELE o i B TR TR 0L

190 Fig. 4 OsiLf-2 colonization in flooded rice

2.5 HIEKREREKERRE RS
FEME IR = AT OsiLf-2 AT LR KR #RE 1 2 J5, FRATXAREHR 5T T OsiLf-2
A FE XS FH RIS 7K LR AR E MM5 . Z5 RN 5 foR, EME/KS&MF R, Osilf-2 435 1K
TR HRZHAE L, FOKFERMRAAR SRR S, KHBRAF, R0, w58 Bags xR

195 CK MMk 55, ™A 45 /N HAw 3, B OsiLf-2 A FEAG AT K Bk & 1F PR A KA S,
A B KRR, AR KRGS FRIRI . R KSR, WS 2T et R,
OsiLf-2 Ab¥H2H e B A BO HR2H CK AR EL & 1 6.16% (K 5) , BEH OsiLf-2 MU A LAZEIR
B N IR AR AR A RE 77, 38 AT LATE SEFRAE = R K R K BRI S 2. 25 ik
gEILR, OsiLf-2 ml @ T /KRG N 9+ 518 EKRE I BB A BB AR R, A4
200 IKAB AT AR I AR B RE 77, IF )5 SR KRR AR A OREE .

NS ==

5 FRVEk B KRR S

Fig. 5 Seedling establishment of flooded direct seeded rice in the field
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# 5 HEAEKERKBREE

Tab. 5 Seedling success of field flooded direct seeded rice

Ak PR DAHES
CK 18.17%
OsiLf-2 24.33%

3 it

)5 W AR BAE P [FIRE A IR R A R B T AR AR A AOFE AR A, AT AT LR B A 32
ARV EY P . SRT0,  H 9% T P A T B v K R I /K A RE 7 ORI T AR A T 4

AW TE LLKAE W AETRZ B OsiLf-2 T FEN R, BEFESE RIBoR, fEMKAEIET, OsiLf-2
RIE TR DY 107 CFU/mL, Dt St 4i R, Osilf-2 XK KRS K IR 2 i i
BABGREEIER], RIS, OsiLf-2 WE M T /KRE AN IF TR A1k, fERK AT
N, AR EIKKTER) SPAD. Fhim . HRAC b b FE St N EE T, B A TE OsiLf-2 fig
AT R KRB R RE 71, T BIE PRI BT . 534k, Osilf-2 X 7KAE 8] K ELAR Ak
HIRA BRI, U W A A2 18 OsilLf-2 £ B /KRG R S b A7 v A B R 82 T 55t
AW TN Ja S K BRSO BN AR R it 1 9 Ay /1 2% .
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