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Table 1 Basic information of sampling sites

b8 R 7 ik BERE/%
Site Latitude Longitude Plant Salinity pH
éhagpjiifbghﬂéiwei Ningxia 37°28’ 105726 fnﬁfpipmnthm mongolicus 0.32 8.3
W% Suaeda glauca 0.45 8.4
T H 2 E Pingluo Ningxia 39°14' 106°45' T K Zea mays 0.41 8.5
W% Helianthus annuus 0.43 8.4
JKFE Oryza sativa 0.42 8.2
INZZ Triticum aestivum 0. 45 8.3
T EH4 )| Yinchuan Ningxia 38°20' 106°16' EXK Zea mays 0.16 8.2
INE Triticum aestivum 0.14 8.3
20 Ipomoea aquatica 0. 20 8.2
3 Sorghum dochna 0. 25 8.3

L13 MM ERFRGEREA 0000 MYE  LHRESIASA 90 mL 2 HAK LR . 3k

FREER B TCE S X R k.

B A I 1 mL in ARk e R E
1 000 mL,1X10° Pa K 20 min B by & HLAH P
R .
114 #H@mmphia gk 6% Y E R
A 5.50 g NaCl, £ 1X10° Pa K& 20 min )5,
T TE 24 e BE 28 K B ) Na, CO, %W, 15 pH
% 8.5, By Eh Hl 30 7 SR .
1.1.5 TSN E4ZEHRA BEEAK 170 g¢. K
GEAM0.33 g, AL 5.5 g B A _# 0. 25
g HAEWE 0. 25 g, 28K 1 000 mL,Bifig 12.0 g,
£ 1X10° Pa KB 20 min,
1.1.6 DTSARAX BHEEAKL 70 g, KT
FEAM 0. 33 g BEIR A — 80 0. 25 g, W AT B 0. 25
g BifE 12.0 g 28K 1 000 mL, % 1X10° Pa K
W 20 min,
1.1.7 DTSB# & BREAW1.70 g, KT
HEAM 0. 33 g BEIR A — 80 0. 25 g, W 450 0. 25
g, 787K 1 000 mL,% 1X10° Pa K 20 min,
1.1.8 #fm3ik HHAEYERESREL.
AP EFRW P IMA 6.5 g/L 3§, 1X10° Pa K
20 min; £ 58 B 38 K5 7% 3 . 5L GM 8 8 R WP
A 6.5 g/L B, 1X10° Pa K 20 min, & [#
B A & B KB 1 Na,CO, 3 Wk By £ 7 &
0.60% ,pH 8.5 LGB0 B 7R 5L
1.1.9 EFAK  BUK 6.5 g. ZKIMW/K 1 000
mL.% 1X10° Pa K& 20 min,
1.2 REAHE

1.2.1 BHa i 40HFE1F 10 g Wr

i 30 min, U W G0 b6 B e R L 3 RV
MR BN A T TSN [E A 15 57 52k |, 28 °C
{518 55 9% 24~72 h, PREAS 4y W Rl S gtiAk 3 K
PAFLA AR T 4 CL. &
1.2.2 #FA4EF  HOR/NG— JBURRHE T ik
B K FE DT 45 55 °C .10 min PACHE S, 7E 8 & T
YEG R JCK B3R 5 s, 1 0. 1% HeCl, ¥
WML RE 30 s, B O K ohgk 6 k. 5748
TR I E L, T 28 CHBBEAMF TR 2d
WY & E KRS ZF K R 0.5~1.0 em, & H .
1.2.3 A 2k £ o6 B 38 1 A 0 8 T of oK
e ) 1 T ) TR bR, I 3 R A 3L, T R e AE
Xf HECKO . 25 5 0 F 7 2 5 43805 T A 9 8
FERG IR AL b5 Eh b 38 6T R CKL . 48 25 5 19 Fh 1
Yy S 48 T o e B SR AL b DAL B L A 2E S
) ot = FH A 00 7 e T ) PR R IR UL 1 min JR 8
SIARTAE R O P 8 B R L B RABBORE N 1 X
10® cfu/mL, &AM 25 kifh+F, BAHiEE 34D
W LVE TR RAD BRI ASHE 2,
.24 B0k JKEIE TRk AT $2 e A a2k 7K R e R
BB RE B0 AR < K R b M 2 e e K — 1
IKFEGN 2 B SR AE A 300 g H ARG 0N A4 (L
£ 0.4~0.7 cm) % 1X10° Pa K 20 min )
YRR, & R A 60 mL A5 Y E FF
W IR BRI 25 KK R4 28 . CKO.: % AAH
WIS IR AR T A B CK L 3R 58 38 8 35 . A
FETE AL B a2 . R b 8 3 R L R IR T
1X10° cfu/mL ¥ B A5 B 1 min J5FIAE,
TALPRREE 3 AN L E G R A T
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Table 2 Cultivation condition of rice seedlings

I B mFE] /b BEZ/C T/ % G BE /1x
Period Duration  Temperature Humidity  Illuminance
1 0.5 19 70 500
2 0.5 20 70 1 500
3 0.5 21 70 3 000
4 0.5 22 70 5 000
) 1 23 70 7 000
6 1 25 70 10 000
7 2.5 27 70 12 000
8 3 28 70 13 000
9 2.5 28 70 11 000
10 1 27 70 9 000
11 1 25 70 7 000
12 1 23 70 5 000
13 0.5 21 70 3 000
14 0.5 19 70 1 000
15 8 18 70 0

1.3 EHRHEE
1.3.1 BAFIERYEHEIE B S4 K
LRAERNE TSN B 9545 |,28 “CH 3% 72 h JR WLgE
IESRE TR TETEAS ISR I 22 [ e 0 7 W 28 40 i
ISP
1.3.2 oF%% ¥ S4 mEbkk 2L st F LR
W FEARAT RS A5 16S rRNA 351, AR 45 [H]
TR HEAT TR AR 2 2
1.3.3 S4E#AKWLReyn T B S4 K
R fE DTSA #5383 1,28 CHi 5% 24 h, #kIL
PATE I G K I 1< 10° cfu/mL B 42 9, B
1 mL WA IMAZA 100 mL DTSB 15 57 W 1)
250 mL #ETEIH A, 180 r/min, 28 CHR 55 3%, &
B 2 h URE, £ 600 nm F (VAAHER DTSB # 3#
TN 25 1 X D I WG
1.3.4 SABMHME B . HEFZHE H S4HE
BERIZE 2 AP 7E DTSA #Hfi 1,28 ‘CHi 3% 24 h,
FHIG R 7K il B 1 X 10° cfu/mL B & . X
1 mL AWM A A 100 mL &4H 0.5%.
10%.15%.20%.25% NaCl iy DTSB £% 3% W 19
250 mL HEJE Hi P, 180 r/min, 28 °C #& % % 3%
72 h,7E 600 nm T (DAAFE TR 35 720 0 25 3D
I 2 WA .
FHTC T K % 1< 10° ofu/mL B & W, B 1
mL W, A SEA 100 mL DTSB 5 3% W 1Y

250 mL #EIEJH . pH 4351895 7.0.7.5.8. 0,
8.5.9.0.9.5,10.0,10.5,11. 0,180 r/min.28 C
PR 3% 72 hofE 600 nm K S F AR
B R W R 25 6T BRI R WO (A

FHTC B K B 1 X 10° cfu/mL B 2 W, I
I mL FEMBMAZA 100 mL DTSB 15 57 K (1)
250 mL #ETE M #, 180 r/min, 3 %] & F 30 °C.
35 °C .40 °C .45 °C .50 C &M TR % E 5 72 h,
FE 600 nm P (LA 32 18 15 35 W00 25 70 RD
D5 W GAE .
1.4 KHRKE

BRI XA T AR T P IR 22 L P
AR (108°9"13"E,38°34" 45" N, ik 111 7 m),
K FH 58 AR RN 4 R LA A AR 35 . DR R i
AFJRC AR 43 BE AL A A AC 4 it . X6 14 2
AL IR S4B R RE R R R S 0 IR
H.owAERH, SHEE 6 AEE. I 12 4~/0
X, /NX A 13 225 m® (115 m X115 m) /M X B
BLIXZHHEF /N DX TR] T 358 i 2
L4.1 REREAIHEiFERN  FZEN AL
oA A SR A R A R
pH S5 X 7K A Az A A E 5 A R b R i
SR FB AR #E NY/T 1121- 2006, NY/T 53-
1987 FI NY/T 889-2004 4,
1.4.2 S EsmELBEPTKEEKG A
WO I A /0N X BB BIL 358 B 50 Rk 7K R HE Bk 6 B 1
Sy BERL B i B AF AR KA bR R R T i A A
B TORL BT A 7 B AR AR HEAT I E
1.5 HESItHWT

* M Microsoft Excel 2016 #1 Graphpad
Prism 8. 0 #F 17 % ¥i5 40 LA G2 11, 5 %0 W 3 /K,
I Microsoft Excel 2016 #E474 &, £ DL “F
PIg b 227 I R R

2 HREAMN

2.1 Btk FE Y EL B A O 0

WA PR B - SRR ) 2 2 b o B 45 31 450
PR TR 2R T 0 32 ) ARCR B W e EL AR E 1Y
6 BRUXTEBR . FEER TG A5 4F T 20 KA 6 b
BRI AR X T X HR A AN 2 o i ) 5 7 A 40 Y Bk
e AR | B B R T R A A [ R Y AR T
VLT3R 6 B B R GS ZK R 4l 1 R R R B 2R R
HA A n] AN [R] R 2 M 52 T 7K A 4 v X 3
P38 AR BE 00 (3R 3) . a3 E B LR R
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Table 3  Growth status of rice seedlings after strains inoculation for 14 days
B R R 15 /cm AL /em 25 BREE R/ g 25 BRT i ht /g
Strain Plant height Root length Fresh mass Dry mass
CK1 10.48+1.94 ¢ 4.8941.53 ¢ 2.4540.08 ¢ 0.71640.007 ¢
SD6 11.72+1.62 ab 7.0842.11 ab 2.5940.05 ¢ 0.7274+0.005 be
S4 12.15+1.27 ab 7.56+1.44 a 2.754+0.15 b 0.736+0.006 b
R55 11.36£1.03 b 6.41+1.40 b 2.71£0.10 b 0.730+0.002 b
BJ12 11.684+1.93 b 5.03+1.68 ¢ 2.657+0.09 be 0.724+0.004 be
SD12 11.04+1.15b 6.95+1.32 ab 2.5240.06 ¢ 0.726+0.004 be
L133 11.87+1.39 b 6.43+0.66 b 2.61+0.07 be 0.731+0.006 b
CKoO 13.54=£1.77 a 7.48+2.14 a 3.53%0.07 a 0.7424+0.007 a

T SR NG 5 By 2R 22 53 8 35 (P <20, 05) .

Note: Different lowercase letters within the same columns indicate significant difference( P<C0. 05) between treatments.

CKO. 6 B b 38 46 F T A I B K RS L AR 1 RUAF 3 CKILL R0 2% 71 8 L K RS A 4K 32 SM ) 5 S Bl bl 45 05 F L b S4Bk il Al

WK AEE K

CKO. Rice seedlings grew well under no salt-alkali stress; CK1. The growth of rice seedlings was inhibited under salt-alkali stress;

S4. The inoculation of strain S4 under salt-alkali stress improved the growth of rice seedlings

Fig. 1
2.2 EHMS4METE
2.2.1 RAHBEFRHEFILE
TSN 3525 F AR A IEE , B4 1.5 mm, 8%
(R S LR IS

BE1

B DR 55 35 25 A S Tl i A2 A 7 2R

S4 B BRAE

AEETREHHERKBERLTL
Comparison of growth of rice seedlings under different treatments

A B 75 3L G TEOL IR A 1R T 8 7 9 T 98 N IR
PO R MDEI AR A RES POk . s U i
WL AN I i 2 52 B SRR (BT 2-AL ] 2-B)
2 R R (18] 2-0)

AL BBEE RS BOGIRRE IR C 22 [UYe (A 55 1
A. Incubated in the dark; B. Incubated in light; C. Gram stain

2 S4 HHRBIE RS EREE
Fig.2 Colony morphology of strain S4
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31 %

2.2.2 HAHSMHsTEZ M 16S rRNA %
ELS4 HE N NS AT (Microbacterium
ginsengiterrae) , I PE X 99, 14 %, 3K 15 73 &
NR116483. 1,

2.2.3 W SLAKWML  KEE B IR A
B, S4 B RERY ODgo 75 0~ 14 h 342212 . Bl {4
BN 2512 M 7E 16 ~20 h, S4 FEHRAY ODgo 2
R RAC RIS SR L N A NTE N NI B
B, A JHG AR 3 P I Ao 30 e 335 B N D R AT
Tl (& 3)

2.2.4 HAHSINE BEZERGR TR &
I (B 4D, S4 R TE 3 &% i a8 3] 4. 00 B
AR RAF i e Kt & &R 5. 0%
pH 7E 9.5 By A K & . {H pH 353 10. 5 B Joik

& Salinity —a—pH
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0.400 [

ODGOO

0.300

0.200
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0 :
0 2 4 6 8101214161820222426
Bffal/h  Time

B3 HkkS4 KLk (n=3)
Fig.3 Growth curve of strain S4(n=3)
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ODGOO
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/% Salinity
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Fig. 4
2.3 S4 FHMKBEEKESR L REKOIME
2.3.1 RKBRREAIHAFEN KB X RS
e AR A 2R & ER . S e ES 2 K
- A AR G - EAE T A SR v L AR K
T I RO H B 3 2, B - HEAE ) At (R
RS pH Bm SHEYAERAF GR D,

2.3.2 S4 WA &L P A KAG A K0 F R
506 FEZE AR L il PS4 B 5790 6 7K R A vk 1 4 B2
AR 28 1 TS 1 35 (ELFE R e L 43 BE AR B R b
e ER Ay T B A AR AR AR T I3 AR 8. 4604,
72.91% .12, 74 % 1 66. 85 % . 1M 7 AR i . A
LYQE QY TR N VA N o A1 LB N
AR AR A T T SRR X X B 2 KR A B 0 0 4R
13.33%.18. 31%.18. 43%.5. 24 % #1 10. 79%
(F5.#£5.%6),

Tolerance of strain S4 to adverse conditions(n=3)

ODGOI)

x4 HERKERXTERAER
Table 4 Soil fertility index in field of trial area

b GRENI LR
e Content Soil fertility
Index
or value level
P4 / /
%‘ﬁ*ﬂﬁ (g/ke) 10.6241. 12 1
otal organic matter
ey
FR/(g/ke) 0.57+0.07 1
Total nitrogen
HA A/ (mg/kg)
Available nitrogen 42.05%3. 54 3
W/ (mg/kg)
Available phosphorus 14.77£1.72 3
A/ (mg/ke) 102. 045 4. 45 3
Available potassium
4/ (g/kg) Salinity 0.9340.13 —
pH 8.44+0.16 —
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CK.H B WR W IS BEAY K R ALK 5 S4. S4B AR R LA B 4 K e A A

CK. Conventional field management with conventional nursery; S4. Conventional field management after seed dressing with bacterial

fertilizer S4
5 AEBEEAXTREBERKRRILE
Fig. 5 Comparison of rice growth status with different seedling raising methods
x5 MEAS4EANGKREEKRERRKR
Table 5  Growth status of rice after application of S4 inoculum
251 B /cm Iy BESL B/ em K /cm i b T B /g
Group Plant height Tillers Flag leaf Panicle length Dry mass
CK 90.66+3.07 b 9.45+1.54 b 23.37+£3.29 18.924+2.11 b 31.22+1.54 b
S4 98.334+3.22 a 16.3441.43 a 26.0643.06 21.3342.07 a 52.09+2.66 a

W FFIAF/NG SRR 2 57 83 (P<<0.05), TR,

Note: Different lowercase letters within the same columns indicate the significant difference (P <Z0. 05) between treatments. The same

below.
Fo6 MASIAFGKEFTEEHRETL
Table 6 Changes of rice yield indexes after application of S4 inoculum
251 BB/ g A RHEEL L TR e AR/ % THRFR /g BB h/ (kg/667m?)
Group Per panicle mass Panicle number Grain number Grain yield Thousand seed mass Per mu yield
CK 19.73+1.15 b 13.714+0.74 b 92.734+4.26 b 72.64+2.50 b 25.924+1.53 b 579.924+2.64 b
S4 22.364+1.37 a 16.2240.63 a 106.8843.98 a 86.0342.97 a 27.284+2.85 a 642.5142.90 a
3 @ W A5 W 5T R IR ATV B 1 Y0 R I I R

UTAEA L A 7 ke B R IRER B
B AT SR T 9 A A {EL 30 e ok A 0 R 38 B i 7K
R TS 2 Bk FIE 77 9 AT S i L 4 38 L 35 B4 TP A 2 A
FFEE L V03 G A T B 45 O E 5 L HL 22 O Sfe i o
fF 5 £k B8 A DT R 5 WL ] £ R (TAAD I
ACC it 28 B P RE I X B bk 47 400 20 0 ok , #4515
AL EL A O 32 T 418 e K A TR 8 Bk RE T A T Ak L T
VLB % RN AT 8 3t e 5 A7 7 IS G T ER e
B W AE 7 o (55 A ) AR I RT R e XU T R
FIE T I R AR

o R BRI AT 5 K R AR 2K B B I T )
JBCERHE n , JF BE 4% v K R 7 st R B
PR TR EQ RN — B B R 28 AT R 29 T fie e
W B2 R KRR 7 R B o Y AR KRR O 5 R D B
G B — PR I KT TR A RT3l e R A L
5|1V £ i 45 J7 XA v 7K A o 1 R B 38 T 9
ZFARFK ARG B R A K RE 1 o A WF 52 R T B
A0 0 1%+ TG GRS A A0 O T e A R B 7 3
HH BB AT AR i R T £ B8CRE T A4 TR B P AT B
FrIRK B g6 52 0  AE SINAT 5 K R A R Y
B IR 26 F R i — A0 ik B4 TR R 0T I A T 2 s
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AIE 1 52 T ROCR ARG E P J7 vk 0 L (A5 4 ) il
H.

ASBIE 5 368 3 Aol A 0 R AR s K R T B RE )
A 20 w8 0 AR  RBOR B E S50 L R
S XoF £ B B R Y A ORI T L HLJG TS B X R B A
G B BRI A B A A AR Y K R R
SCHE T K R B W ST e R
Jes ik B N TR ) A e A7 T i AR 2 — R
GEUR 4 A ROM AN AE — 2 T2 BE I ik pRe A i or I 4
AR E B R X, T SA BRI A 4R
e 1T £ 80K R A O 38 TR B A KRR T A
. JFH S4 BRI EER SR 4 0V IE R A K
RERS T 52 Wik 9. 5 A BRIE pH ., R WX HE bk B A
B2 A0 R oMl IO P 8 0, 0 T 5 BB e B 7l Ak K
JE 0 B b B A R A R A

S TR R K AR B v T R AE ) B B AR AR
P o B FCALBE i AN B Ol T ik — 20 R 4R S4 TR
BRI T 75 220t — 20 B S8 R v AR T L EE L e
A A5
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Characteristics of Bacterial Strain S4 and Its Effect on

Enhancement of Rice’s Tolerance to Saline-alkali

LI Zhuang' ,WU Kaihua',QI Yuxi',JI Hongfei' ,ZHANG Huixiong” ,
LIU Yan®.YANG Guoping"*? and ZHANG Xiu'"’

(1. College of Biological Science and Engineering, North Minzu University, Yinchuan 750021, China;
2. Ningxia Wufeng Agricultural Science and Technology Co. ,Ltd, Yinchuan 750021,China;
3. Ningxia Key Laboratory for the Development and Application of Microbial Resources in

Extreme Environments, Yinchuan 750021, China )

Abstract There are some microorganisms in the natural world, which can significantly improve higher
plants’ resistance to saline-alkali stress. The selective medium was used to isolate the salt-tolerant
bacterial strains, and then these strains were applied for growth of the rice seedlings in the plant
growth chamber under the conditions of 0. 60% NaCl and pH 8. 5. The best strains were chosen based
on plant’s height,root’s length. The top performance of strain S4 was obtained in 450 isolates. Strain
S4 was identified as Microbacterium ginsengiterrae based on the 16S rRNA sequence similarity.
Strain S4 grew well under the adverse conditions of pH 9.5 and 4. 0% of NaCl. In the pot experiment,
S4 increased the growth of the rice seedling by 3. 7% DW compared with the uninoculated control. In
the saline-alkali paddy field in Yinchuan of Ningxia, the rice innoculated with strain S4 boosted the
grain yield by 10. 8% compared with rice not inoculated with strain S4.

Key words Salt-tolerant;Rice; Microbacterium ginsengiterrae
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