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Screening of Salt-Tolerant and Growth-Promoting Strains of Cyperus
esculentus Rhizosphere in Sandy Areas of South Xinjiang

ZHANG Ya-ning, MA Zheng-dong, CHEN Ying, TONG Xin, ZHANG Sheng-jie, JIA Shu-an,
WANG Xu-zhe", MA Chun-hui’
(College of Animal Science and Technology, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: To screen salt-tolerant and growth-promoting bacterial strains adapted to the extreme environment of
Southern Xinjiang from the rhizosphere soil of Cyperus esculentus 1.. and enrich the strain resource bank for
saline-alkali sandy soils in Xinjiang, this study employed the targeted screening medium culture method, shake
flask culture method, and 16S rDNA identification method to isolate salt-tolerant and growth-promoting
strains, determine their growth-promoting characteristics, and finally further verify the growth-promoting
effects of these strains through Cyperus esculentus seed germination tests and potted seedling experiments. A
total of 10 salt-tolerant and growth-promoting strains were obtained, which belonged to the genera Bacillus,
Vreelandella, Exiguobacterium, and Bisbaumannia, with their salt tolerance thresholds ranging from 4% to
8% NaCl. Among these strains, strain Y-38 (Exiguobacterium acetylicum) exhibited prominent inorganic
phosphorus-solubilizing ability (0. 65 mg-L "), strain Y-35 (Exiguobacterium mexicanum) showed the high-
est production of indole-3-acetic acid (TAA) (64.35 mg-L.™", and strain Y-46 (Bisbaumannia pacifica) could
tolerate 8% NaCl. In the seed germination experiment, the germination rate of the Y-38 treatment group
reached 82.00% , which was significantly 26.89% higher than the control group (P<C0.05) ; in the potted
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experiment, growth indicators of the Y-38 treatment group, including plant height (39.17 cm) , leaf width
(5.22 mm), and stem diameter (5.52 mm) , were all significantly higher than those of the Y-46 and Y-35
treatment groups (P<C0.05). The comprehensive ranking of the growth-promoting effects of the three strains
was Y-38>Y-46>Y-35. Ultimately, the high salt tolerance and growth-promoting function of strain Y-38
(Exiguobacterium acetylicum) was confirmed, providing a bacterial strain resources for the improvement of

saline-alkali soils.

Key words: Cyperus esculentus 1.. ; Rhizosphere growth-promoting bacteria; Salt-tolerant bacteria; Isolation and

identification
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Y-46 Y-38 Y-35

1 EHFEF VBT YIBEEE SE

Fig.1 Determination of organic phosphorus-mineralizing

and inorganic phosphorus-solubilizing abilities of strains

TE  A-C A LB BE 1IN AE , D-14 fif JCHLBE RE 1 I 2

Note: A-C refers to determination of organic phosphorus dissolution
ability, D-I refers to determination of inorganic phosphorus dissolu-

tion ability

A [a] B R 14 02 A4 B 0 #7135 22 5 (P<<0. 05) .,
TE ff A5 HLBE AE 1 7 i, A Y-35€0. 46 mg+L. "), Y-38
(0.51 mg L A1 Y-46(0.42 mg-1L =" F B i 1% ¥
(K D, H =180 3% 25 5 5 i LB B 71 L Y -38
(0.65 mg-L D& o, W& m T H b/ #k (P<
0.05), H:¥k  Y-46(0.50 mg-L ") 1 Y-22(0. 49
mg-L "), i Y-30 A1 Y-32 AR A 255 (% 1.

TAA 7 1 4% TR PR H] 25 55 5. 3% (P<<0. 05) , 43 ilh it
BIFEFE A 0. 27~64. 35 mg-L ', A SHRE HY TAA P2 &
& T 10 mgeL . Y-35(64.35 mg-L ) fl Y-46
(54.48 mg-L D= & fie iy , b 3 L T H Al 7 bk (P<<
0.05),Y-38(10.28 mg-L.- D, Y-2(16. 21 mg-L.- DAl
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SERH AR A R B 0 08 AT N, PR T B R S
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Table 1 Quantitative analysis of the promoting capacity of strains

. %ﬁm%ﬁ% m%m@&ﬁi FRIAA
Strain number Content of mineralized 0f§gan1c phosphorus/ Content of solubilized m(irlgamc phosphorus/ Content of prOdE]CEd IAA/
(mg-L 5 (mg-L 5 (mg-L 5
Y-2 ND 0.40-0.01° 16.2140.20¢
Y-9 ND 0.444-0.02 0.2740.03'
Y-17 ND 0.4140.02¢ 0.4540.02"
Y-22 ND 0.4940.00" 10.6940.03
Y-30 ND ND 11.74-0.05¢
Y-32 ND ND 11.860.04¢
Y-35 0.46+0.02° ND 64.354-0.06"
Y-38 0.510.01° 0.6503--0.01° 10.28+0.02¢
Y -40 ND ND 13.420.04
Y-46 0.424+0.01* 0.5040.05" 54.48+0.03"

T ND N TR

[/ B A [l /NG B R 22 57 3 3 (P<<0. 05) , R[]

Note: ND means no effect. Different lowercase letters in the same column mean significant difference (P<Z0.05), the same as below

X T i 6t A 10 MR B4l AR R PR EAT T R GETE
S TEPEAL AL A 18] RUBE 7 " Bk R RE T B TR
HAEE S (R 2. FRFRW, A [ kY 4 4 T BEAF
R EZES. Y-2,Y-9,Y-35,Y-38, Y-46 & ¥

AN H &R TR R ARk R R BE T Y-17,
Y-22,Y-32,Y-40 [& bk H A 5 ZCR i ik R R e T,
BN B & = Bk 3 AR BE /7 5 Y -30 T bk L 4% fidt ik iR 6 ik
7, Eo#& [ AR 7 R AR e T o

F2 WMTEREREREERSNE

Table 2 Promoting characteristics of rhizosphere strains of Cyperus esculentus L.

FMR 45 Strain number [F%&(fiE /7 Nitrogen-fixing capacity F#4#k#Z4#E 71 Siderophore-producing ability it

fREhfEJ) Silicate-solubilizing ability

Y-2 -
Y-9 -
Y-17 +
Y-22 +
Y-30 -
Y-32 +
Y-35

Y-38 -
Y-40 +
Y-46 -

|
+ o+ + +

— -

AR I LA D/ WA E - 25 D/d<<0. 5B R B (— ), R TE W3 R AR T 2 D/d=0. S He S FHE(+)

AR B AR AW )

Note: The growth-promoting potential is determined by the D/d ratio: when D/d <Z 0.5, it is recorded as negative ( — ), indicating no sig-

nificant growth-promoting effect; when D/d = 0.

[i &0 HE 7 J7 I, 28 3 W) A6 ik L 7E Ashby TC R
I AR 3K 2>, A5 B IE 5 AR K Y TR R L 4 fk
(Y-17,Y-22,Y-32,Y-40), % B ixX 4 Bk B E A 15 &
FJb
SR T RE 12 $h 35 3% 0] 07 18 4 19 10 B 0 AR #E AT
BRI A€ O Gk I H A OGO B IR 1 R
BRo ZERWAE3 TR, Y-17,Y-22,Y-30,Y-32,Y-
40 P PR HAT A i TR ER R
7R AR R 7 AE T A A T PR A R A T #

5, itis recorded as positive (+), indicating significant growth-promoting potential

¢ B I 26 T B8 A T V5 TR B B B P AT R O IR 3 R
Rk o

10 Bk TR BR 78 LB 55 57 e rp 2 52 g M AU S7 AR A
Kot g KW4EH T 6—18h,20—24 h 5 ik
B Z W (E 4D, SR ] N (24— 32 h) N BT A3 18 R 35
AR BRI . P 22 9N T R ODsoon TH HEF 2
Y-40>Y-30>Y-9>Y-32>Y-38>Y-35>Y-46>>
Y-17>Y-2>Y-22, H ODgpm HIITE2. 0L |, 3

BAAE 24— 32 hiF (8] B2 74, TR Bk 06 P 3 5
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Fig. 2 Determination of nitrogen-fixing ability of strains
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Fig. 3 Determination of silicate-solubilizing ability of strains
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Fig.4 Growth curves of the strains

2.2 MHRERLEEREEREUDH

8 3 A% G5 A 3 A AR B X 10 B B R 19 26 0 Ry
TESEAT M (K 3) o 25 R BIR , JE M K fif B S Y -
40 5 PR LAY TR R B 5 A A R R R FH
Y -22,Y-32 F1 Y -40 5 BHE , FEAb TR R R B 5
W 2 B b, Y -38 1Y -46 52 P Hfl A BA A
B KRR AR Y -38 St BH A 5 R 2 TS A K
B, Y -17 Y -35 5 B s WIS WAk e ) A Y -22, Y -
32 R Y -40 5 PP 5 i 1R 0 S5l il Y-17, Y -22,
Y-30,Y-32,Y-35F1 Y-40 & FHPE, M Y-2,Y-9,Y-

38 FN Y -46 Jy L 5 HEELL I3l b, Y -38 71 Y -46 5
PRV 5 V=P I 78 BT A7 1 ik b 28 S

B2 QA SR BR (B 6) B Y-17,Y-40 K
A2 TR B A, A 2 O 2 R L A S
AT B J A0 G0 A T s 1 i R ERRAIE

X I 7 M A B R BEAT 16S rDNA S8 8 4 73
TIRPEFFIIX L (RO IR RFELER(E D,
KMIOR W58 T A48, Kbk Y-2
(Bacillus safensis) , Y -9(Bacillus pumilus) ,Y-22/Y -
30/Y -32(Bacillus subtilis) , Y -40( Bacillus halotoler-
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Fig. 5 Salt tolerance curves of the strains

3 BEKRIFME
Table 3 Strain characteristics
T PR B Bk 4 %5 Strain number
Strain characteristics Y-2 Y-9 Y-17 Y-22 Y-30 Y-32 Y-35 Y-38 Y-40 Y-46

VE B K fi# Starch hydrolysis — — — — — — — - ¥ —
PR AR 55 Citrate utilization test — — - + - + _ _ i _
#24 GG {f Gram staining + + — + + + + —+ - +
A & B2 56 Sucrose fermentation test — — — — — . — + _ +
A K R Peptone water reaction — — — — — — — + _ _
JR 2 BHA I Urease test — — + — — _ + _ _ .
W % AR 55 Gelatin liquefaction test — — — + — + - — + _

il 2 7 Ji i 56 Nitrate reduction tes — — + + + T + +

+ |

L2138 58 Methyl red test — —
V-Pilll & Voges-proskauer test — — —

s Sy B SN, — Sy B 2 Bz

Note: + indicates a positive reaction, and — indicates a negative reaction
[v2 e T v | . ans) J& T2 fUFF T & L o5 23 8 B RSB 60005 Y -
Yos ] o ' 17(Vryeelandella titanicae) Fy 3y BL % B & A8 2% 1
¥t 3 Y-35 (Exiguobacterium mexicanum) Fl Y-38
(Exiguobacterium acetylicum) J& F /NP & ;Y-
46 ( Bisbaumannia pacifica) ;L Hi ¥ = (R & . Pr
AT B 16S tDNA JF 811 5 NCBTEUE 7 2 [E bk
8 AR 1 =99 04, 3R W BT Bk 23 2~ b A BT f gt
et R .

[+

2.3 WEHRERNREMEEST
7 8 2 3K 56 7R, 10 Bk 1 £k 12 A B8 ik X 3k 75
SR R B ARV AR S E T (B 8) . X
TR (CCROMI G, EARAE FIZH 1955 10 d R 2ZFR K4 5d
! K AFHIAE BRI (P<<0.05), Hi, Y-38 &b B
. He EREZRRE 41 % 2 % B (82.00%) , B CK 4 7 26.89% .
N R;li'oi Hni’““m staining of the strain Y -46 4b B4 & 2R N 80.00% , R HH ik 64.00% ,
Note: Scale bar is 200 m ¥ EE T CK. HFEY-350 K2R K 78.00%,
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Table 4 Homology analysis of 16S rDNA sequences from isolated strains

T Bk 45 Strain number

Blast 43 A A AL B2 ¢ 51 B9 F & Blast analysis highest similarity species

ABALEE Similarity/ %

Y-2 VO AR ZETAT I Bacillus safensisCONRO41794.1) 100.00
Y-9 55 /N ZEAAT T Bacillus pumilusCNR117300.1) 99.79
Y-17 I v o B2 [T Vireelandella titanicae(NR027552.1) 99.71
Y-22 A ELZEFAT B Bacillus subtilislNR027552.1) 99.93
Y-30 A58 2 AT 1 Bacillus subtilis(ONR027552.1) 99.93
Y-32 M ZE AT B Bacillus subtilisCNR027552.1) 100.00
Y-35 BTGB/ IMT B Exiguobacterium mexicanum(NR109413.1) 99.44
Y-38 LA/ INT I Exiguobacterium acetylicum(NR043479.1) 99.72
Y-40 it 4 2 AT B Bacillus halotolerans(NR115931.1) 99.86
Y-46 KAV He Wit 2 B Bisbauwmannia pacifica(NR114047.1) 99.51

1M Y-30 &b 3 40 1 & 3 (56.00%) 5 & % %
(72.67%) 7R F CK.

AR [ 4E AE 20007 22 57 8 3% (P<<0. 05, Y-38 4k
FH Y B 2SI 2 T Y -46 43 (P<<0. 05) ,{H & %
REFALE ., Y-38,Y-35,Y-46 4b B & 2 5 i 3
T HA AN H Y-38 R 2R E S T Y-35. X
FW Y -38 T R i 0 1 W R HLAT T AR AR A

MR 2. 1A 3R i & a5 i 45 3 0% Y-35,Y-
38,Y-46 = Bk T il A5 BB R HEAT AL AR SR . A5 R W
F SR, 5 R X I CCRK) A E , T 571 Ab 3% 41
AR KA AR AR T B (P<<0.05) . Y-38 4
R R oy, Hobk ke 2R M L e E RN
MR ff RS CK 4 AH B i g T T 11.37%,

10.36% ,22.67% ,41.32%,80.49% .

Y -35 Ak BRAV G 2 BE 0T Ak (37,18 em) , {H L
M 5E (4. 19 mm) FIZEH1 (3. 54 mm) 2 i ik T CK, H1
- E(3.05 @) MM T #FH (0.43 90 5 CK LR %
25 55 Y-46 4b B X AR & (35,12 cm) | Hb b ff
(3.34 @) Fl s F & 5 (0. 56 @) Jo B & e A= RR, 1
M 5E (4,60 mm) M ZE M (4.53mm) B FEH T Y-
355 CK IR #H 25 Y-35 1 Y-46 4b 41 7F Hb
MM N A R R R

(A5 B0, Y-38 Ab BH7E bk I 58 ZE0R
by I i o R 6 5 T UL T Y -46 F1 Y -35 4b 3
H 25 83 (P<<0.05), X% Y-38 [k X i 7
SAH AR EERT B

£S5 FMABEFN BT EDEHERIERNZ

Table 5 Effects of different microbial agents on growth indexes of soybean seedlings

Ak B = i i Ev il iy |- fif T b i
Treatment Plant height/cm Leaf width/mm Stem diameter/mm  Aboveground fresh weight/g  Underground fresh weight/g
CK 35.1741.25° 4.7340.08" 4.504-0.34" 2.8840.27" 0.414-0.06"
Y-35 37.1840.39" 4.1940.07° 3.5440.13° 3.0540.18" 0.434-0.09"
Y-38 39.1741.55 5.2240.06" 5.5240.22° 4.0740.19° 0.74-+0.13
Y-46 35.1240.21° 4.604-0.05" 4.534-0.14" 3.3440.31" 0.564-0.02"
3 iTig + i % A B Bk Ta Rb4d 7T UTH 32 &5 35 4% 1)

3.1 WEREFRMNRERE

AT 5% 0 3% 1) 10 K it 25 42 A B AE 520 NaCl %
PEF ¥R A K M, Hop Y-17,Y-40, Y-46 7
8% NaCl AP 4k 4548 5 ODgoo o 18, B F 0 T 250K
A PR AR A B (PGPR) T 3 B (8 3 <<
6% NaCD o QIR IR IR & 85 2 R AR R 43 25 11 6
Bk PGPR H, A5 FI A 18 B #k it 5 1 5, ) 7 1. 20
mol-L (24 6. 7%)NaCl 55 £ 3 I A K ; Wu %7
AR ER Tk v B AR B - 43 B 00 ZF AU AT T RA AT AR
0~7% NaCl¥ B N ZAE K 5 b FLAEDY /INEE AR B

NaCl,

BRI R 1442 2 Ty BB 5 B A Ak« AR BIF S T DA
i 8 9T 90 T MR O O 32 1 10 ke i R 4R A= A, Zh BB AR
RN EIAA S 7, Y-35 Al Y-46 (17~
0 E T 2 8URE 1 PGPR Rk R 7 &, 0 F 7%
AR AR b Ll P AR B A 3 P A 0 B AT R R
(Enterobacter sp. YDA6(IAA =1t} 53. 10 mg-L ")
AR 4 85 20 A 7 AR b el X Tt 56 A 4 R Bk £
b i 2 Ry JIC 12 A B ZF LA T (TAA 72 & R
34. 74 mg-1.7" . Y-38 [l i H 2% ff A HLBS A JCHL
BRI IAABE ST, 55K BRSO W 5 25 R A — B



1190 ¥ oW ¥ K 5508

v 95/ 8CEC A Chain A 16S rRNA Y29 59 Bacillus safensis MW228825.1
99/'3]9W AA Chain AA 168 ribosomal RNA 100 L Bacilus australimaris strain MW228046.1
Bacillus velezensis strain KY694464.1 99 16S-Y-9.33828339
Bacillus swezeyi strain NR157608.1 Bacillus velezensis strain KY694464.1
100 98 . . y- - . 50 4[ . .
Bacillus paralicheniformis strain KY694465.1 1001 319W AA Chain AA 168 ribosoma RNA

_|:Sutcliﬁiella deserti strain NR 180757.1
94 Psychrobacillus insolitus strain NR 042709.1
Cytobacillus oceanisediminis strain NR 117285.1

Halalkalibacter nanhaiisediminis strain NR 117286.1
Virgibacillus phasianinus strain NR 163644.1

Bacillus safensis MW228825.1
23 100 ( Bacillus australimaris strain MW228046.1
871168-Y-2.33828337

Pradoshia eiseniae strain NR173521.1
Gracilibacilus xinjiangensis strain NR 1169346.1

Listeria seeligeri strain NR 102807.1 99 Halobacillus salicampi strain NR 146669.1
0.01 0.01
v-17 100, Halomonas profundus strain NR 1149561 Y-22 3 Bacillus cabrialesii strain NR 180419.1
68 16S-Y-17.33828341 100} 165--22.33828343
100 Vreelandella nanhaiensis strain NR 118488.1 8CECA Cﬁam A 16? rRNA
85 Vreelandella zhaodongensis strain NR 125612.1 Bacillus oceani strain KC160501.1
89 L Halomonas sabkhae strain NR 044217.1 89 Pseudalkalibacillus hwajinpoensis strain NR 181527.1
99 Franzmannia qiachouensis strain NR 1482561 Oceanobacillus massiliensis str HQ3586881.1
100 Halobacillus sp. strain ON911948.1

Zymobacter palmae strain NR 115520.1

Marinobacter mangrovi strain NR 181611.1 Lysinibacillus odysseyi 34hs-1 = NBRC 100172 strain NR 025258.1

Serpens flexibilis strain KP973996.1 Staphylococcus saprophyticus subsp NR 074999.2
100 _,: Pseudomonas paracarnis strain KX186983.1 100 i Macrococeoides caseolyticum subsp NR 159094.1
100 100~ Macrococcus epidermidis strain NR 159095.1

Pseudomonas asturiensis strain NR 108461.1

0.01 0.01
Y-30 2 Bacillus cabrialesii strain MK462260.1 Y-32 100 Bacillus cabrialesii strain [K462260.1
98] 16S-Y-30.34014261 100 L 16S-Y-32.33828347

Bacilus sp.FSQI 168S ribosomal RNA gene ON532842.1
Bacillus australimaris strain V228046.1
Aeribacillus kexueae strain NR 159906.1

Bacillus velezensis strain KY694464.1
Bacillus licheniformis strain NR 074923.1 45
Bacillus australimaris strain MW228046.1 38
Virgibacillus massiliensis strain OP006737.1 Lottidibacillus patelloidae strain NR 164941.1
Shouchella hunanensis strain NR 108948.1 Bacillus suaedaesalsae strain V577350.1
Alteribacter aurantiacus strain NR 042213.1 ——— Lysinibacilus odysseyi 34hs-1 =NBRC 100172 strain NR 025258.1
Staphylococcus brunensis 16S ribosomal RNA gene OQ401401.1 ——— Bacillus anthracis strain NR 041248.1

43

Macrococcoides bohemicum strain MH044692.1 £Mmrommides bohemicum strain MH044692.1
100 Macrococcus psychrotolerans strain PP341307.1 100 Staphylococcus saprophyticus subsp NR 074999.2
0.01 0.01
Y-38 99 Bacillus suaedaesalsae strain NR 181631.1 Y-40 97 Bacillus cabrialesii strain MK462260.1

Bacillus cabrialesii strain NR 180419.1
16S-Y-40.33828353
Bacillus licheniformis strain NR 074923.1

Pseudoneobacillus rhizosphaerae strain NR 181873.1
Bacillus velezensis strain KY694464.1
Bacillus paralicheniformis strain K'Y694465.1

Trichococcus patagoniensis strain NR 041841.1 Bacillus sp. FSQI 16S ribosomal RNA gene ON532842.1
Aureibacillus halotolerans strain NR 145627.1 Virgibacillus massiliensis strain NR 144700.1
Paenisporosarcina quisquiliarum strain MW227499.1 499’_7: Aquibacillus sediminis strain NR 174192.1
Tepidibacillus decaturensis strain KP898733. 1 98 Paraliobacillus zengyii strain NR 171485.1
0 Oceanobacilus aidingensis strain NR 148253.1 Cytobacillus suaedae strain NR 181450.1
<ﬁ|—7'i Exiguobacterium mexicanum strain MW227316.1 73 Sporosarcina sp.strain 0Q597029.1
100 16S-Y-38.34014265 92 Caldifermentibacillus hisashii strain NR 144578.1
001 001

B7 AEEKETISIDNANRSELZEF N
Fig.7 Phylogenetic tree based on 16S rDNA of different strains
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Fig.8 Seed germination rate and germination potential under different treatments

AN, T A TR AR 38 R 2 B R R R RE L X
A RE 5 9 Y5 AR R R B k0T R AR S AR R R
PEA G R, B BR A B 6 DR 4 22 S Cln gk 2 4k
A B % B L PR B ) b BT R R R X 5 X 28
I A5 B 5 A I B A2 Wl S R R 0 1 G R Y 2
M2

fiif £5 P 5 42 A= T e 04 B [F] PEAE Y-38 R ILE
e e ) W 3 T Al B AR (P<<0. 05), BRIE
T AR A AR GE i 3R A0S A E A AR W pg BL . 4R
T, TR 3 P 5 3 1 Y -46 (8 % NaCD & H 4 1 7 TAA
Al 1, P A 5 B T 45059, 3 % I TR PR A 3 1 1 R I
AR AR SE A O e i T8 A T (G S
2 E SO0, DT R )T 35 Dy fi Cln i i AH DG il S
BRI IR L5815 Yang 045 R — 3.

3.2 WMREREFEHEE

WK % E R 2 A R (Bacillus) 5 3%
(60%) , BLF5 Tt 8 B ¥k Y-40(B. halotolerans) Fl 5
R W5 B Y -38(Exiguobacterium acetylicum) , EJIE
TZBAEMWPR R R W b % 0 A AR AR AR
PE 5 43 28 Hb A 5 B2 AH G < R 22 TG BH M TR 3 e LA A
16 1% b ) BB 7, i M — E A K il B AR Y40 5 B.
halotolerans W)W /KA G WA FEIE W) & o

AHIF ST K S 1 5 AR B S AR OC i R
P J5c 5 1Y Y -46 B bR T B S 1 ACRE ) L AU &
TAARE Ty s M 6V vh 45 19 Y - 38 B ke 2 2 F g 2
T X — 25 SRR AN R A AR P AR R AR
8 ¢ I 43 TE 5 TE A A7 D) BE 9 3 A Ty B ) 1 AT A A
— R IR BT, bR R B 2 e i ] T 4R R A M2
375 s P T S SO A £ AR AR SC A T RE B fiE

P AU/ 5 1T e A T R TR R TG L B T R R i LA
T X R Jolk 36 PR b T R g b 3R AR R A T e

HAEENE, B AR N Y-17,Y-22,Y-
32,Y-40 ¥y ZEAAT T JE 0B R AOR S i R T
T OCHE 5 AR A A [ T T R A R
PG — B, I AT R R R T R U X AR B Rk
o R BT T S M A2 A, T B0 PR Bl B A [ A
CAE D) BOR R A P RE . IeAh, Y -40 B9 TE B
JK fife ik AR P 2 T HG Al 5 R FH 22 A T T Y 5 R R B
TN M BIIE S R A R UE A A DL AR IR £
WU, k38 3% 0T ) 0 G B AL BB AL SRR 7
XU SCEFHRE ST BB IE S

3.3 TMHEKRNEERR

LW AR BRI 42 T (PGPRO X Ff 1~ B & Fl 4 14 A=
FS R Ry (YN S B IR U= e 2 e A s 2 S K & )
AR PR (AR AR BRI A B SE 8. 76 1 i & By
B, PGPR i i 43 W6 15| W 2, 1R (TAAD (IR 8 R (GAS)
SEAE DR R VROV AR A A R R A3 2 DT 4
T F & 2R & ZEH0 AN, PGPR A fig il 1) 7
W T 0S5 A RS Ak 3% 4 0 - B bl Pk
23 S B U AR S R T I A BSR A R RR
TR E RO . TEA AR K B B, PGPRE
BT AR PR 5, AL G 5 A8 3R o WP B B
o D R A ) o 98 I AR R A W
e Ak AR B A W BE 95 45 6, 0 TR E 4 AR R
B,

AW 5T 38 3 F5A0E A B, TR R A UR R
HMEAR AR 96 4 — B R Y-38 AR TAA PR e
0 AT B, (EL G Ak B A bR b e R R R ZE R
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FAR T A b B A X — Tk N 3R W PR Y 25 A AR AR
T he s I TA A Lb 28— Dy B 48 A T 1 v i Tod 0 H:
TR+ I SE PR e A RRE . Y 35T TAAD I 4
AAOR RO T CK, 20 A S A ] BB 2 i i TA A #4l
T ERMR AR, SRS ERZH, X—
G5 A5 T b ST 06 F A B ZE A T AH L8 Al AR
ZEFUAT B K11 AT 4390 TAA 0 e B 412 a0 5 AR 3R 2
K, 1o Ve 5 S A ) AR B B S A R A — 2

XL B SY, Y -38 A9 48 A SR bk s 42 F
11,40 %) f 3 3¢ 1 48 16 BF 58 3 Bt L v 2l #9
Pseudomonas B CRR &= 32 T+ 5%0~8% ) 1 J&] % 15
A5 I 1 T 1 3R D M s A0 A1 T RA OB
FTH7.8000) c X — L FEEIT Y-38 T Eh kS
fift 1 BE 11 O B TR AE FH o Selvakumar 5 B9 A 5% &
B, ff M Exiguobacterium acetylicum W ¥ 1P
(MTCC 8707) 4k B /N 22 Joi A2 1 Ml b 354 32 73 1) 2
1 16.54% M 8. 16% , RUIZ B WK AA B EHM
e AV T A AR SY Y -38 TR vF & L Ag i S5 = BL
PO T P FEEDX KR N LS ZF AT
& (Bacillus velezensis) , i Fobk & (2R ML Mo 49 i
TEBA PR TE £ 24 5% ot 54 AR bR
PR A TR (Bactllus) A AR & AR (M - S R0
AN R R R4 T XS R ] TR — R
R 08 A2 BORTER IAEY) B8 30 2 9k,
— LR W A BIF 5 U 35 T A 087 FH 3 3 e

B A5 T R Y 2, H R ) 1Y TR R AE 0 A i e
Hh oK e I 2 0 A, 3 W T 2R T X A B B R
A5G, I D A AT R R R B A B B R R A R A
1%, B RR [ 20 D fig M DA 38 o R 8 5 R B, TR PR 1Y i
W 7 TAA 55 H i 1) B8 T e X 8 & 48 bn 7 2R TR,
w7 EAAER SR . FI, ST S S
T B AR o Oy &, A A
BRAE I I5 TA [F] A I AR -

g5 b R AR AR T Y S PR AR AR RIOR S H ER
PR AT RE 2 AR T i TR Y BAE AR AL R AR
FHM SR . ARBFFE i 1) Y -38 e H b &5 it b M
AR WERE T MO8 B IAA i, B T 2R A T
AE 7T Sy 8 51 A 3 G W48 52 R AR 0 2 TR A Y U
AT E — 25 3= 6 3 98 0 B v - b 1) B PR 5 R

4 Zig

ASBIE 5T N 50 v X3 70 AR B R g AR

15 10 B i £RAH P AR PR A2 2E T (PGPRO , AR 418 i A7 #1L
W AE 1 R JCHLBE BE 11 B2 TAA RE 1, 45 4 Fh 7
RF B M TR E T 3R ISRk 5 50
Y -35CH P BRI R LY -38C L BERU/NFT D LY -
A6 CACF- 78 L 3T i 2 1) |, I i — 20 i AR R 1 16
IEHAR AR . SRR AR A ORI
N Y-38>Y-46>Y-35. WAHIE T &AM
(Y -38 B Ak, 1% TR R H AT R A AR 2 BB T, W) ki
T S Y AR A T & R R R S S

2%k
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