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OE LS E A A KR E AR 0 A AR A R A R Ay AR TR T, DL TR 28 5 K A A
TR bR, SR R 55 MG 4CH & 009 75 10 58 R TR 58 R 4L A % 150 mmol - L NaClHpaft R 5K RERh 78 & S Al A KA e iy B
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Effects of salt—tolerant bacteria on rice seed germination and seedling growth under salt stress

LIU Peng', BI Jiangtao™, LUO Chengke', HUI Zhibing', LI Wenbing', XIAO Guoju’>, WANG Jing’

(1. School of Agriculture, Ningxia University, Yinchuan 750021, China; 2. School of Ecological Environment, Ningxia University,
Yinchuan 750021, China)

Abstract: Soil salinization seriously affects plant growth and development. To explore the effects of microorganisms on seed germination
and seedling growth under salt stress, filter paper germination of Ningjing 28 seeds in a petri dish under 150 mmol - ' NaCl stress was
conducted to study the effects of different salt—tolerant strain combinations on seed germination and seedling growth according to the
physiological metabolism of rice. The results showed that different strain combinations promoted rice seed germination and seedling growth
under salt stress. Taking no bacteria under salt stress as the control, the combinations of Bacillus subtilis + Bacillus thuringiensis + Bacillus
aryabhattai (ABD) and Bacillus subtilis + Bacillus thuringiensis + Paenibacillus polymyxa + Bacillus aryabhattai (ABCD) could increase
the germination rate by approximately 20%. The ABCD combination increased the bud length and root length by 4.75 times and 0.72 times,
respectively, seed vigor index by 3.19 times, and salt tolerance index by 3.20 times. The chlorophyll content and root vigor also significantly
increased (P<0.05), whereas the relative salt injury rate significantly decreased (P<0.05). The combination of strains reduced the content
of malondialdehyde (MDA ), increased the activities of peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD) in rice
seedlings under salt stress, and alleviated the salt toxicity to rice. There were some differences among the treatments, and the combination
of multiple strains could improve the activity of SOD in rice seedlings. Salt—tolerant microorganisms can enhance the salt tolerance and
promote the seed germination and seedling growth of rice. Moreover, the effect of multiple strains is better than that of a single strain.
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Fe A A T AR 5 4, H R A e AR L A
At PG AL P R VT LA 7 i 4 X, 2 ol 2
Tk R i) F B AT 2 1, SR A — T i K
AR S5 AE T T K, BELAS AR ) R 43 55—
TET 368 3 95 5 A0 5 5 2L 52 WEL AL A0 R A0 i 7K £ A
AR, ol Y R 52 BH, SRR R AR OB SR
PR RS MRS I REART, BB T AE 4 0, DT i i
MY A FERZE ST, Y2 2 E
o3 38 i R AR AR B B Ak g (SOD) | i A 1k W) g
(POD) i Ak UM (CAT) S5 ORAP By 2 55 P il 5
SR, (e L TR Rk v A4 F R

IKHE (Oryza sativa) & 7 Z I LHANH , AE I FE
TR 8 J7 hm?, = 24 6. 4L kg, 1 X 2 4= [ {0 SR AR
(R fe A2 7 X 22— BB | B X M4 K BT
DR T AR T AR AR, (EL 2 M X R K 2 |
T T R OKAE R R A SR AL AP AEAN R R
R TR, 8 2o A 2 e i v K R T £
P, G I0 R B A R i ek R Bt T e A AT

TR BRI A IR KA g A P RE
E A TAEPIARER 38 2o 3 1 AR A A R A A
A DTS R N e A B B IR ) B
AR MU 2B R R A N B A SO
AR A S e AR m A Y R P FET, XEs s
W B S EY TR C AR 2 RTUEY)
PERERD BT K 4l i AR R s A Pl I ok B2
FIE A BN AL G AE" R FE U EE N
A VAR AR R 38 T T 2o TS TR R e A
Wy EEPE R WE SR ZS  ABAE SR BRI 254 T XK A AR
KA AN AR, Hik=Z REEE,

ol R R K RS AR SR I8 R 26 1 R AR K K
T A A M 5 ) I B, W A B A ROIR B X AR
SRR AR R T K R RE R Ik, AT R
AR TR AR ZH 3 X R 0 AR R 8 R K Al AR
AR 30 0 P2 3R KR AR I T ARG 1 45, it

A R A TR R R 2 A K iR R AR AL S, B0 2P
PR A P05 K R B DL ER LB, LAY O A= W18 52 el
R ER Bt P AL E S AR o

1 #MREFE

1.1 RBE#

B AR b Fh Sl 7RI 28 5, SRR E G S N T
2003004, 1 [ 7 & 8% A6 X R

PR TR R - 4 AR T £8 T PR A 20 S 1 T L
+ & BRI ER P AT 5K 100 g- L' 247, H R Rk 2 M8 6
FEBUER ARG IR T 77 B R AR AR 24 B 3A
B E Y S R PR IR L3R 1.
1.2 iR A&
1.2.1 AW

FIARIG AL, 25 B2 3800 B F LB W Rk 85 57
e 30 °C 180 remin ' PE 1 5555 24 h, B E5FR
ReF IR EOE T, ZERAAMET 6000 remin T B0 15
min, WA TR K . TRIA IR EP G WFIE 45 R R, 150
mmol + L' NaCl AJ i 15 4™ & Ffr (1) 7K A A A< 22 2 3 ]
B A 1 150 mmol - L7 1) JC TR NaCl i R 15 4% B AR 3 ¥k
FEVRITC AR TR A, B ODsoonn=1.0-
1.2.2 KFERDF-Lb 2

TEIGE AT LR ORI/ 2 1 Rl 2818
KRR KA, 28 10% Y NaClO %5 3= 10 min
J5 PTG 25 B 17K I 1k 5~8 Uk, TR 75% T A5 1360 5
min, I 5 TG TR 2% 88 7Kkt 5~7 W, T 8 ) 17K
FhFEETCI LB PR EiRR 24 h 4.
1.2.3 g T
ZEVR A 121 CK T 30 min, 7 55 75 A H s,
B30 R P34 S AR BE SR LA A 10 mL TR
Je IR A 28 CHY G IRfE IR B F 4 . i It
WE 1T (R 2) , A ELE 9. T1 M
X REAL 3, FH TG TR 2 8 KA TR A 5 T2~T16 ik
I Ab PR, 45 15 3R M40 10 mL 3 B L #5451 2

®1 L ERREHRIR

Table 1 Test strains and sources

[EkiSRe2 GenBank % 55 R R T e IR ZHRE
Strain number GenBank ID Strain name Strain source Latitude and longitude
A MW704114 i B LEHUFF I8 Bacillus subtilis 2 FLET R B R AR i 106.44°F,,38.58°N
B MW704115 I e AN TR Bacillus thuringiensis R DX TSR B A A B 106.57°E,39.10°N
C MW704116 LR AT B Paenibacillus polymyxa A X IR B RS AR PR 106.57°E,39.10°N
D MW803060 B E& 2 40K B Bacillus aryabhattai R X TR e b 106.55°F,39.07°N
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m@g 248

ERIL R
=2 BHRARGRE
Table 2 Strain combination settings
AbFE Treatment  F#KZ G Strain combination || 4b¥f Treatment  F#K41 G Strain combination || Ab¥ Treatment  F#£41# Strain combination

Tl Tk T7 AC T13 ABD
T2 A T8 AD T14 ACD
T3 B T9 BC T15 BCD
T4 C T10 BD T16 ABCD
TS5 D T11 CD T17 150 mmol - L™ ) NaCl {7
T6 AB T12 ABC

L BIR A VE N 4 A AL FR R T17 kg B X BE AL B
150 mmol - L™ #Y NaCl i A B . K5 = 1A)
B3 2 d B — AL TR, AR UE M E PREE AL
1.3 MEEERFE
1.3.1 JEASEHR R0 E

Br SRR B H 0 SRR R0 R B0, DLF KGR
FIFhFABE MY 172 R K ZERRUE , WES L ST 1 8 &
0L, 55 4 d Gt R ZEH 5 8 d Gt & 28 R FF K
FEANHT AR S TR 23 R AR R EFAR AL
TG D145 T Eh PR ORI X AR %

Fh & 2 8=4 d N R ZFRhFEu 141

Pl 28 % =8 d N & ZEFhF 5/ Al 4L

& ZEFEELGI=X (Gi/Dr)
K Gt Ryt RIR S8 De ol k28 HEL

T T8 V=G Y 4 i K

K=K+ K

it £ 46 K=Vi 4/ Vi xx100
P Vi R ER 8 T (R S T A8 B Vi B X
WECR W & 16 1485

AFXT £ 3 8= O] B R 25— b PR 27 556) i 7Kk Ak
R ZFE4EX100%
1.3.2 A= FRAGHR 40 E

25t 25 5 40 SR 95% 20538 45— 43 6 ' 1 v
TE  FRIBUET B K R 4N 2F 0.2 o, BT RE AR , /b 4
A1 P AR FRES & 3 mL 95% £ BB i A0 3%,
5 mL 95% L FEMT S 2 A0 228 1, Z R E 3~5 min f5
R 10 mL D&Y 4 000 remin 0 5 min, B
T, FH95% L5 7% 2 25 mL 5 76 3 K 665 nm Al
649 nm | b, 38 28 OGAE 73 51548 %R a(C)
M-24¢ 2 b(C) B BE (mg- L), — 3% 2 FIED Rt %
SHE (mg- L) o

C.=13.95A665—6.88 Ao

C,=24.96 Agis—7.32 Ages

1% WHART]

W R J1 R 8 O BR2 $2 - TTC 3 J5 320 7
FREUHR 0.5 g, LA RE IR, A 0.4% S Ak =R 5L U
M (TTC) WA 1/15 mol - L™ B B2 2% vh i 19 25 HL )R
AW 10 mL, AR 78533 T W, 37 CHE A E IR
B35 1 h, A2 mL 1 mol- L™ HoSO. 2K 1E v B AR
FEUE W, 0 4 mL 2R TG AN/ A SR A S 4R
SREE R (TTE) . 2R & Tl
LR EEEZRE 10 mL, T-485 nm F Fo s, F WO
FARHERRZE , 753 H TTC 8 i

TTC iR 5 (pg-g"-h™")=X/(Wx-t)

P XN TTCHE b W6 BE e b o it Ze v B 25 31 9 A
X I S, g s W MR BT i, g5 ¢ W SN IFIA] b

P (MDA) & 2k AU K e Z R (TBA) 2%
W ZE <R KRR & 28 Ve v 48 1, BRI 0.2 g it A R84,
A 2 mL 10% — 5 & R (TCA) F1 /b 1 41 e b | vk
TS 25030, FEAN 8 mL TCA gk— R 5138 T
4 000 r+min™ .0 10 min, 02 mL 3§, 002 mL
0.6% TBA W IS, Wi 7KV H SN 15 min, THHVR )
JAE O B EIERINE 450,532,600 nm R ARG

MDA & & (pmol - g™) = [6.45(Asi—Asn) —0.56 Auso]
V/Wm
o VA RBUGR AR, mL; W IR 4B T i, g0

P A AR TG 1 OB K RE 2 2F 0.5 ¢, SR A
AR B8 7 R A A B FF B8 i AR B B T 0~4 C TR Y
0.2 mol-L™ .pH 7.0 W BERR & i h iR 4E 2 h,4 C'H
6 000 r+min™ B0 10 min, F & AT F [6] B+ 00 22
A AP A (SOD) |3t 8 Ak Wil (POD ) Flid 48 Ak &
fiti (CAT) 1 M PR A B R . >R FH 20 PU i (NBT) 5
W 5E SOD 7 1 , LLAN I NBT Y6 Ak 18 I Y 50% h—A4~
fiff 3 B (U ) 5 2R AR B 240 2 POD 1, LA 1
min N Auo 24K 0.01 24 14N E PR (U) 5 R 550 o
G B E CAT VG, LA 1 min W GAE A V820
0.1 AR R ANBEE B0 (U)o Rk bR 2 (il
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WA A S )P B, B AL B 3 A A
1.4 BRI

>R I SPSS 26 Gt it o0 Hr i 1F X 5 AR AR b A7 5
K E 7M1, R H Microsoft Excel 2010 Fl Origin
2019 BB B AR A2z i 11 %

2 HERENH

2.1 #RinimtEh B xT Eh e KRB F L%

2 3 A1, 150 mmol - L7 1) NaCl Jp 3 X 7K Fef il
A AT 2 AR T T TR T A A X R
R AKREF - R AR E R . ERhE R KRR
TR Z BN, R R FRMR IR
FAR T IO A AL BE (P<0.05) , Fl T & 25 AL T 50%,
Fb TG ka8 Ab FRAK 36.30 4N H 4 5, K ZE4E BUIK 12.08;
SIS TR TR BB, k2R 4 4.07~2037 AN E
SR E R 7.04~22.96 N H 4, R AFTRBUR
2.34~9.18, N[ B Wk 2 A ot b~ 1 2 208 S 14 5 i A7
e 5 BRI ia R T13 KRG FR 7 & 2 35 8 2 1 oA
AEFR(P<0.05) s T13 Fh—F & 2 580 & 2R 48 Eme i , HOk
HT16,HZFHEFARE (P>0.05), KEFHAT 52
20 A ST AL KRBT R 8 A5 A
2.2 RN ER E X EhAME KRR FE KA
2.2.1 X 7K AEARA AN ZE K A 52

i 1 AT, 150 mmol - L7 1) NaCl r i 5 BOUK

A AR A B, AR RN 25 K B 2 T e ER 4
18 (P<0.05) o T £h R VR 7S 0 i 5 (2 F 1 41 vt AR A
ZEM A, T16 S ifF 2 FIAR AR RO B i 1 TR PR 4
A HRCN TI3 R T2, Hidh T16 4385 (9 28 K & T17
(5.7 45 , Ui B 4 PR T8 BIME B A 8500 4% 5 43 ik am X 7K
R4 i A 2 A AR A I AR
2.2.2 XPKAEFP TG S48 B s

S50 K& A, B 16 1 BE S LR R S
PRACHE T 0 & ZE B A 510, DL 4 i i gtk A= 4
. MK 20, 150 mmol - L™ B NaCl a8 25 g 2%
FEARR 776 71 (P<0.05) , T1 Fp 716 T35 BUE T17 19 6
5 TR TS i 4 i S 2 B v AR e R A S ) (P<
0.05), T16 R R fedif , Fok M T13, FRRCN T2, X — 3%
Z A2 57 8 3 (P<0.05) , 43 5148 T17 Y Fp 115 195 8k
LB T 30945 2.5 45 1 1.98 135 3 T5 Xt & A 135 /1
Som /N A R T 0.38 4%
2.2.3 X KFE R £k 8 BORA XS R 3 1) 5 i)

1 b H5 S B T X R A A i 22 R A A
Xif R R W T R AEER A T B R . Rk
A AT, AR VR T 0 e 2 v R 38 R K R A (4 T
R 8B B AR AR X 1 35K (P<0.05) , H A T16 7K Fei il
TR AR R, HK R T13, TS A5 M fe/ )N s T13 A%
EhF R, R R T16, 43 515 T17 FEAK T 79.48%
M71.79%,T13 5 T16 —# 25 A& (P>0.05) .

R3 FREEHREAAX BB TRBHFHLZHZME

Table 3 Effects of different strain combinations on rice seed germination under salt stress

Kb 3 Treatment K ZEH Germination potential/% % 22 Germination rate/% % ZFFEET Germination index
T1 66.67+5.53a 85.93+7.22a 28.57+1.82a
T2 50.00+11.79b 59.26+7.41d 21.22+4.42¢d
T3 43.70+4.84bc 61.48+8.84d 18.83+1.58de
T4 44.44+7.26bc 57.41+9.69de 19.54+2.95de
T5 47.04+11.60bc 59.63+9.49d 19.93+4.20cd
T6 47.41+6.41bc 59.63+5.12d 20.31+1.98cd
T7 50.37+9.04b 62.96+8.07cd 21.11£2.89cd
T8 51.11+13.12b 60.74+11.52d 21.64x4.47cd
T9 50.74+7.22b 62.96+9.35cd 21.79+2.72¢d
T10 44.81+8.35bc 60.00+8.66d 20.00+3.57cd
T11 47.04+9.49bc 60.37+5.12d 20.07+2.48cd
T12 46.30+7.90bc 56.67+6.87de 19.68+3.16d
T13 60.00+7.99a 72.59+6.62b 25.67+2.76b
T14 43.70+7.54bc 57.41+7.60de 19.45+1.85de
T15 49.63+6.11b 60.37+7.16d 21.32+2.67cd
T16 51.11+7.99b 70.37+7.54bc 23.13+2.87be
T17 39.63+7.16¢ 49.63+7.35¢ 16.49+2.99¢

0 RPN NG FRROR 22 5 8 (P<0.05) . Tl

Note: Different lowercase letters in a same column indicate significant differences at 0.05 level. The same below.
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M35 *° R B TP
2.3 N ER B X ERAME TR TE 4 B A B R R 0 0.05),

2.3.1 RKAHA B -2 2K R B R 2.3.2 XKAEAEAR FRE IR
H1 1 3 I, 7E NaCLBA T, K R 4 i 25 i rp H1 1 4 R R, NaCl s 5 ZOK 4l B AR 2R 76 0 2

SRR O AR (P<0.05) , ZRMRA G TEAWARN  FHFAR(P<0.05) , BRI AT i 2 45 s dh an ok
AR AR S, HACRIE TR AR, L P T8RRI R TG ) (RN RN AR AL X M 2R 3 ) s 22
A, HR R T16, M4 R & 5 4y B T17 3 m 1 SRR, b T2 52t R B T17 #2055 12.47 1%, 5 T1
33.75% M1 31.90%, T8 F1 T16 —#% % % A W & (P> LR E 27 (P>0.05), HIK K T16 . T6 F TS5, T14 505
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Different lowercase letters indicate significant differences among treatments (P<0.05).The same below
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Figure 1 Effects of salt—tolerant bacteria on rice bud length and root length under salt stress
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Figure 2 Effects of different strain combinations on rice seed vigor index under salt stress
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Figure 3 Effects of salt—tolerant bacteria on the chlorophyll content of rice seedlings under salt stress
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Table 4 Effects of different strain combinations on the salt
tolerance index and relative salt damage rate of

rice seeds under salt stress

b3 iR T8 4L AR ER R 2
Treatment Salt tolerance index Relative salt damage rate/%
T1 100a Oe
T2 53.49d 24.53b
T3 34.48ghi 21.70b
T4 32.951 26.89ab
T5 24.80j 24.06b
T6 37.20ghi 24.06b
T7 48.75de 19.81bc
T8 44.18ef 22.64h
T9 41.16fg 19.81bc
T10 35.26ghi 23.59b
T11 40.08fgh 23.11b
T12 35.96ghi 27.83ab
T13 63.06¢ 7.55de
T14 35.88ghi 26.89ab
T15 33.82hi 23.11b
T16 75.33h 10.38cd
T17 17.97k 36.79a

/N BT8R T 1.37 45
2.3.3 XF /KRG &)y 25 0 U O R AR T T
A

F1 & 5 AT, 150 mmol - L™ NaCl 8 35 i 7K F5 4
T ZE M MDA & i i 3, B T1 5 49.25%, T4
TOKREM IEH A iE sh . B ERUS , 1R MDA
A B RRAR R T7 CT12 RO T15 A, Hift b 44 15
F 7R EAKF(P<0.05), Hph  TI6 #UR A, 5 T1 G
2525 5 (P>0.05) , BEBTAS I £5 0 T DAGE i iy 3e

XFAKAE M R B AE R S 1 55, H 22 BERR LA X SR
SENEOE S (N

8 6 7 441, 150 mmol - L™ NaCl 36 {1 /K R 4 1
CATIE R (H S TI ZR A8 E . AR R
JXT R W8 T KR40 CAT W6 P2 AN [6] , T2 . T6 i
CAT & & i 3 %1% (P<0.05) ,T3.T4 . T8 .T9.T13.T16
fdi CAT 7 i . 2 TF 5 (P<0.05) , Horp T13 45 T1 42 55
T 74.38%.

FH & 7 W, 150 mmol - L™ NaCl i g i 7K F5 4
Wi POD 3 M 0 35 BEAIG , W8 0 0 B R 8 B S
POD I M, (HAS [R] & R 416 X POD J 14 5% i) 25 57 5%
Ko TOKTITHRE 143465, 5 T1 LB % E 5 (P>
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Figure 4 Effects of salt-tolerant bacteria on rice seedling root activity under salt stress
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