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Screening and identification of saline-alkali-resistant
microbial strains and research on their functions and
growth-promoting properties

ZHAO Tingwei'”?, PENG Yinan"?, LIANG Yan"?, WANG Zhiye'?, JI Bin""*

1 Institute of Biology, Gansu Academy of Sciences, Lanzhou 730030, Gansu, China;
2 Key Laboratory of Microbial Resources Exploitation and Application of Gansu Province, Lanzhou 730030, Gansu,
China

Abstract: [Backgroud] In recent years, with the increasing of land salinization in Gansu province, its
impact on agricultural production and ecological environment has become more and more serious.
[Objective] In this study, saline-alkali-tolerant strains were isolated and screened from the saline-alkali
soils of Lanzhou new district of Lanzhou city and Heihe Ecological Reserve of Zhangye city, Gansu
province. Then we identified the isolated strains, and evaluated and analyzed some of their functionality
and growth-promoting properties, which provided microbial resources and theoretical basis for
improving the saline-alkali land in Gansu province. [Methods] The isolated colonies were cultured in
conditioned medium of different salinity and alkali concentrations, and those with high saline-alkali
tolerance were screened out. The 16S rRNA gene sequencing was used to identify the types of the
selected strains and test their various functional and growth-promoting effects in different media.
[Results] Five highly saline-alkali-tolerant strains were obtained, which were Bacillus megaterium,
Arthrobacter aurescens, Sinorhizobium fredii, Bacillus licheniformis and Acinetobacter sp.. All five
strains had the ability to dissolve phosphorus and secrete indole-3-acetic acid (IAA), A. aurescens and
B. licheniformis had the ability to dissolve potassium, and A. aurescens, S. fredii and Acinetobacter sp.
showed nitrogen fixation ability. ACC deaminase activities secreted by B. licheniformis, B. megaterium
and S. fredii reached 0.272, 0.217, and 0.159 U/mg, respectively, while A. aurescens and Acinetobacter
sp. had almost no ACC deaminase activity. [Conclusion] The five saline-alkali-tolerant bacteria had
different phosphorus-dissolving, potassium-solving and nitrogen-fixing functions and certain
growth-promoting effects. This study provided species resources and theoretical basis for the later

application of microorganisms to improvement of saline-alkali land.

Keywords: soil salinization; microbial strains; functionality; growth promotion; salinization improvement
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AR FEEAY, ERE, 4% 670 77 hm®
A 52 B R AR B A SR m AL e, S

FEH TR AL 10%22 4 Bl & m S mii
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b, Ak H s Eh gl Al Ao ™ =Y. Bk
E " B H R A R ARSI SRR L e,
P2 — Ml HHA A B3GR A RA
TR L

AT 4 BB X b SR Al A e R % 05 3 32 82
AR, S AR A e R R,
FEAh R P RME B A A R, AN B S, AR A
5 A 8 52 1) 7 15 RE 8 BT B 4 ) A 25 30 4
MG s, EYBE FRAFEYBE SR
HWMEE, MBS K. B RS
PRI SR I JCIE MR, 1Ml A= 18 A
Xt B oy S, - SRR A P A s R A
DOE R RE T 5, T HACR R, MEFEE, B
SRR X A TR, HAT A E A 2 R AL
SR AR T A 220 T 2 M DX R A
R AR A ORI X AR AR 15 A sy A, X
HAEAT AR B L i . SR SRR 5 FR
7 & 0 ) it R A 1, Sl o A 7 — L T RE R
fe A VE R M A, FZHR 5 bR e i A Y
DNREX N, LU ) A P ek B 3 il 42 1%
T R TR o BT URUR B AR

WEERE

1.1 ##
1.1.1 +#
TAREHRAR 15 1y, Ho 5 ok B HON & 22
M ACE B 11 522008 XSl b2 A
bel AR AT F R AR B 1, Hgx 10 2R
B H A sk 3T = B R T A S A R
PR DX U T B AR K B A A B AR B
3 A S 0-10, 10-20 F1 20-30 cm K
3,
1.1.2 EHFE
Gibbson i & B3RS HESCER 710 ; LB 1%
FRFHES: BESCHR ST 5 TCHUBER: 778 (pikovaskaia’s

medium, PKO)Z: BESCHR[OTACH 5 524 WA HLIE
R3S IR SCHR[10]/C i ; Dworkin and Foster
(DF)}5 77 32 BOCHR[11]FLH]; ADF B35t
HESCHR[ 12180 1 CF5 DF 35 3% 35 1 19 (NHL),S 04
o 1-Z FE PRI - 1-FR N BEFR IR ) 5 ek 19 6 40 1 15
IR B2 BOCHR (13 BT ] 5 By 250 D1 G 5% 37 5L (Ashby
medium)Z 8 SCHR[ 1418
113 EEZRFFNE

FNE . BEREE . R MARE . R
FALEN . BREREE . RIRES . HEE IR,
B3y 3 e, T AR R RS A Al =1l T
-2 FEFR k- 1- 2R 9 BE ¥R R (1-amino  carbonyl-1-
cyclopropane carboxylic acid, ACC), Salkowski
/vH]; DNA A0, Sigma-Aldrich A #] 5 5
SEHZH DNA $2BUA5 &, Omega A7]; 13
LK 4] DNA #2550 £, MP Biomedicals 23 A .

PCR Y FIHLKAY, Bio-Rad AH]; 40Ny
I, REBRAEARAE
1.2 7%
121 TEFEEERNSE

PRIBCR AR 07 fif SR+ AL S & 10 g, 40
SmL A 90 mL W ICER KT R, K fi B by
BT3RS E T 180 t/min AUFEIR FHEST. B
1 mL #EAI R, 9 mL A BT K
PSR IEA TR AR R . P43 B 107, 107 1077
MBI 0.1 mL WAV A TER M 10% . pH
9.0 f) Gibbson 2 REFFREL-He |-, 37 °C{Hif
FiFR 5 do BRI PO — R TR & ) Ze 5 5
ZOFRY R IR, SO A AT A R v o R
roregaift, JH¥ it e iR AR A T R b
FH 37 CHigR A4 d)E, MET 4 °C kT
TRces o
1.2.2 i B8 66 & AR BY i ik

B¢ Gibbons B K15 57 FE (4 58 KEFIGREE £ 7
S S D oI v e o W v 3 B E N B 4
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B3 AR, 1 AR R UERE IR 3L pH 9.0
BT, @AM I 3 3R o im A NaCl, DA
KBV AE N, &R
NaCl ¥ 43 %]k 100, 120, 140, 160, 180 Fil
200 g/L; % 2 AI fRIUERE 57 5 NaCl RN
100 g/L WY&, A AR 3% 3 56 Hhom A
1 mol/L NaOH ¥ LAV 5 BE 32 FE 0B, A1y
iR R0 pH H 20 %) 9.0, 10.0, 11.0 1 12.0;
55 3 LI Ay [R] s 335 in 455 % 56 0% B 2 A
JE4351°M 2 9.0 £ 100 g/L . 11.0 1 140 g/L, 12.0
200 g/Lo i Jo B o3 25 Al A0 iy TR R4 Fh T AN
F SRR IR b, 37 CHrERIE4d )G
WLEE P 7 A R DL 7 32 H T 6 A e 7 5 1Y
Bk o
1.2.3 THEBEKNEE

(1) B2 EE

H AR PRV R A AR RS R b R E T
37 °C B oAb G 9% 24 h, MEREEERKES,

(2) A TEW

FHANH LR 4 DNA R B & R U Bk
1) 5 DNA fE N M, FH@E M5 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")fll 1 492R
(5'-GGTTACCTTGTTACGACTT-3")i#47 PCR ¥
1 PCR JZ Wi 1A % : DNA 47 (10 ng/uL) 3 uL,
10xPCR Buffer (% Mg*") 5.0 uL,dNTPs (2.5 mmol/L)
4.0 uL, Tag M§(2.5 U/uL) 1.0 uL, F. FiE5]
#1(10 pmol/L)4& 1 uL, Sl ddH,0 % 50 uL. PCR
LW 2. 95 °C 10 min; 94 °C 30 s, 54 °C
40s, 72°C90s, 30 MFFF; 72 °C 12 min,
PCR W) 1%0 Byt B AR 56 J Pl vk AT A U
FIF PCR F=#palifbid &t fraife, gifb)s
) =ik A T AR TR (i) e A RS W)
HEATI Y o W3 25 e NCBI Bud 1 o 47
BLAST [FJ#EPE5 4T, WA MEGA 7.0 il &4t
REW .

1.24 THEWEEKAHE. . BREHNE
FiE

(1) WHERE ST I e

A 3o O R PR B R & PO TOHLIE S 37 3
S EIA PR SRS Y, 28 °C. 180 r/min k3
F% 48 h, RFAHHEAPLE Ak Hswae

(2) fARHRRE T I

V4 0 36 TR R ) 2 42 A T R R b A TR O R
B, 30 °cCHIEREFE 3 d, B3 WEE LK, W
FOPH A K VR I B2 6 L B IR,
U B PR i LA A e e O

(3) &R BE ST e

B R D R R G TEER T 7 S T
F Ashby AR |, 7€ 30 °C B55% 10 d,
BB 3K, B 3 IARIRBETE Ashby $5 572
AR A A0 U R A LA T RCRE T
1.2.5 TERBEKMEESENERE

(1) "5|E 2R (indole-3-acetic acid, TAA)R
S )

R Salkowski BUSHEFFINE o O A
2 (i B AR BE RN T LB 85 3R, 28 °C,
180 r/min 2514 F 55% 48 h J5 , F-7E 10 000 r/min
2 B0 10 min, B 1 mL E35 W, iTA 4 mL
) Salkowski WK, #OGALRE, W4 30 min
JESEZITE 530 nm P AR A0 EE T T LG
b, EREWE 3 A8dE, BULENE, =
HEOE R AR o R 2T 3 TAA 195

(2) ACC JIid 2 it 135 1 1 0

% 18 Honma ZEU W5 1k, K 0 1 0 T ARk 2%
% 30 mL Y DF {3555 25 , 78 30 °C 200 r/min
ZAF T EECIR GRS 12 he PR HEIRE T 4 °C.
8 000 r/min 514 F B0 10 min, WCHERERK,
FEBFUTTE Y PR R T 30 mL Y ADF AR 57
Ferfr, ££30 °C. 200 r/min £50F T ROGHE 5
7% 24 h, FLIE AR Y ACC Bl 2 BT 1% -
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ZHTRYER T 4 °C. 8 000 r/min 54 F FR &
0 10 min, PIEWEEZE 5 mL 9 0.1 moL/L
Tris-HCl Z& 43 (pH 7.6), 4 °C. 8 000 r/min £&
PRS0 10 min, FREEDTTEY) . M BEIA
ULTEF A 1 mL A9 0.1 moL/L Tris-HCI 25 M
(pH 7.60)ETFWIk, REHHEZE 1.5 mL #.0%8
H1, 11000 r/min 2504 T B0 10 min; H AR A
F 600 uL A9 0.1 moL/L Tris-HCl 2% Wi (pH
8.5), IMA 30 pL HI 2R [l BHiein ik 3% 30 s AR i
AN W 200 L B BRI AR, A
20 pL % 0.5 moL/L ACC %, IR 21 Ja ek i
JN#A(30 °C) 15 min, SRJFHIEFIA 1 mL (1)
0.56 moL/L HCl W #:%J, 11 000 r/min B.0>
10 min, B EIRELL E3EW 1 mL, fIA 800 pL
1 0.56 moL/L HCI ¥, 1R2JG A 300 uL
1 2 g/L 2,4-—fif B BHAR , 30 °C 7KifF 30 min,
A 2 mL 9 2 moL/L NaOH YAk &4, il
ODsyo {8, LAIC TR /K AR BB W AL B S 25 (1
XFRE BAERL Y ODsgo (EARABRUERT Z T3
XA o- T ERER &% &, P Ra8E R 1 pmoL
o- TR I 10 A 1 AN T B
1.3 HESH

K JH Excel 2010, SPSS 17. Origin 2018 #%
AT ST 5 08T, 2 MEGA 7.0 B4
WHERGEKER

2 X504

2.1 T R HR I K RO 7 gk A I SR AR B M E
R HERAE 15 bl IS, 75 Gibbson
RS FR A EARAEE 21 BRORIR 040 (4 Bl fr
Foh 1215, Hp 8 MR B T2 MIBNX, 13 £k
o3 B F T BRI R X
2.1.1  HEEKT R EE 89N E
W3 1 7, 75 Gibbson ¥t B 3535 3% pH (4
M 9.0 BETHE T, 8. 9. 13 Ml 16 S A bk £k AE

x1 EHRBITIEEEN

Table 1  Salt tolerance of strains

Fitk4wS  NaCl concentration (g/L)

Strain No. 100 120 140 160 180 200
1 + + - - -
2 + + + + + +
3 + + + -

4 + + + + -
5 + + + + + +
6 + + + + + +
7 + + + + + -
3 + - - - -
9 + - - - -

10 + + + + + +
11 + + + + + +
12 + + + - - -
13 + —

14 + + + - - -
15 + + + + + +
16 + - - - - -
17 + + + + + +
18 + + + - - -
19 + + - - - -
20 + + + + - -
21 + + + + + +

TE: 4+ WMWK, - WHRAEK. TH
Note: +: The strain grows; —: The strain does not grow. The
same bellow.

J1EA%, Tz S AR 100 g/L KSR
B 15 M 19 Sk EhRe Ik Z , AT 2 &
e oA 120 g/L BYREFREE; 3. 120 14 F
18 5 KT £h B8 J) — M, AT A2 % Bh i e ey My
140 /L B RE IR 5L 4 500 20 S SR AE 7 HL AT,
AT A2 S R R o 160 g/L RS FR3E; 7 ST
PRI ER e JIARGT, femy AT 52 % #h e 4 180 g/L
RREFREE, 2. 5. 6. 10, 11, 15, 17 #1215
PARR TR ER BB ) fe iy, AT 32 & 654 200 g/L
DL IR IR L
2.1.2 B PR RS BE 71 B9 TE

M 2 TLAIAEH, 4 Gibbson i K 155RHE
NaCl V& B R4 7E 100 g/L i, 3. 8. 9. 13 Al
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&2 FEPRBITHEE RE

Table 2  Alkali tolerance of strains

R3  EPRRITY R AE

mikgiS  pH

Strain No. 9.0 10.0 11.0 12.0
1 + + - -
2 + + + +
3 + - -
4 + + -
5 + + +
6 + + - -
7 + + + -
8 + - - -
9 + - - -
10 + + - -
11 + + +
12 + + -
13 + - - -
14 + + - -
15 + + + +
16 + - - -
17 + + +
18 + + -
19 + + - -
20 + + -
21 + + +

Table 3  Saline-alkali-tolerance of strains
Strain  NaCl 100 g/L, NaCl 140 g/L, NaCl 200 g/L,
No. pH 9.0 pH 11.0 pH 12.0
1 + - -

2 + + +

3 + - -

4 + - -

5 + + +

6 + + -

7 + + -

8 + - -

9 + - -

10 + - -

11 + + -

12 + + -

13 + - -

14 + - -

15 + + +

16 + - -

17 + + +

18 + - -

19 + + -

20 + + -

21 + + +

16 S HARMTRAE I XM 2=, e HAEfE pH
9.0 MBREATE AR, 1. 6. 10, 14F119 %5
R R AR B e ) R — M, AR R BEFE pH 10.0
B RSE A K; 40 70 120 18 F1 20 55
PR B s BE ) R BT, fem AT AVAEKAE pH
11.0 MIBRPERREE 5 20 50 11, 15, 17 M 21 &5

AR BT B AE 11 R A, Fem BEE A K AE pH
12.0 DA B p a5

2.1.3 HEHRMTEREE AE S RO E

Wi 3 iz, 76 NaCl ¥ % 4 100 g/L il pH
9.0 MIZMET, 21 FREERWT LIZER . @AW
PR SR BB, "] LR I TE NaCl
We N 140 g/L F1 pH 11.0 B94FTF, 2. 5. 6.
7. 11, 12, 15, 17, 19, 20 F1 21 S #EAT L

A K5 E NaCl ik JE ok 200 g/L Fl pH 12.0 B, 2.
5015, 17 21 Sl RIEK, H 2 51554
BTN X A R Y, 15, 17 #1215
43 85 1 5 T BT M T A SR R R Y R
X. LA IEH, 2. 5. 15, 17 fil 21 5
R LA i 1 Tt ER Ak e
2.2 THEBEKEIEE
221 MRBEKHESEERE

TE Gibbson i B 55 #2 3 H 4y Bk 5 b
M ERA I, a2, 5. 15, 17 fil 21 5,
XF 5 BRI ER 0GR AT IR TS MR, 2
FRUE 1-5 PR 5 BRE P RVE AR R BT 5
Ho 2 17 SRS, DGR, PR
FEAEIR; 5 SRFREDGH, BT, b
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f1 2 SHGREEEE M4 17 SEREENSE

Figure I Colony morphology of strain 2. Figure 4 Colony morphology of strain 17.

B2 5 SEREEYSE E5 21 SEHREEHSHE
Figure 2 Colony morphology of strain 5. Figure 5 Colony morphology of strain 21.

SR B ERBIR; 15 SRERDLHE, L%E
I, IR E AR B IIR; 21 SR EOLHE,
NG, hREAAANEIR,
222 TERBEKHS FEMFLEE
B RS R A 5 AR ER B 1Y 16S
rRNA FE [ 737175 NCBI $i4fs 72 Hh i/t 17 BLAST [
PEVE BT, 30 MEGA 7.0 (R G AT .
gENE 6 FR, 40t 16S rRNA 5[] 5 5143
MrisE, 2.5, 15, 17 /21 SEHKESHSE

3 15 EEERSE KEZEMHFF & (Bacillus megaterium) . 475 19 FF
Figure 3 Colony morphology of strain 15. W (Arthrobacter aurescens). % FHAEHSIE A
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100

s Bacillus licheniformis strain KNU119 (CP042252.1)

174 (OM935982.1)
100
Bacillus sp. MBEK47 (AB733561.1)

100 2#(0OM935979.1)
Bacillus megaterium strain Ns3 (MG544100.1)

100
Bacillus sp. strain MH9 (LC373523.1)

Arthrobacter sp. strain EB74 (MH130357.1)
m’

Lr 5% (OM935980.1)
93" Arthrobacter aurescens (X83405.2)

100 IAcinetobacter sp. strain PrPc065 (MF948936.1)

1217 (OM935983.1)
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100

86 [ Sinorhizobium fredii strain SCAUs65 (KP027488.1)
15% (OM935981.1)

00 | Sinorhizobium sp. 15C-4 (AF268072.1)

—
0.02

6 ET 16S rRNA EEFIMEMARZRER

S F 5 K GenBank FEF S ; 7 A AN %L

(B R F R 22 50 % B AFET 1000 YA TE B bootstrap 18 ; F7 0.02 1832 2% %R % 5
Figure 6 Phylogenetic tree based on 16S rRNA gene sequence. Numbers in parentheses is the GenBank
accession numbers; Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000
replicates; The scale bar indicates 2% nucleotide substitution.

(Sinorhizobium fredii) . AKX ZF fAF & (Bacillus
licheniformis) T A S AT 14 J& (Acinetobacter sp.)
[ IOC R A i, Fe SRR 23 55 2] 100%
99%. 99%. 100%% 100%.

BB WL ST EE, WE B A M
XSl 2R B Y 2 5 Bk BRI R
5 SRMNEE IR 208 A KR R
WA AR SR DR R IX I 155 Bk 28 [
TR . 17 STRMHACERIFFRE . 21 SF
MR AT e o
23 THEBEKBE. B, BREN
BEMEESER
231 HEHRBRHBEINERE

1B FH e B R — SR S TOHLBE R, Il
JE ARV R JCALBERE ), W) ORI S A
PLBESE bR, WE WA HLIRRE ) s JF BRI

YIRS B 48 h N, B 12 h X 55 3R 5L h A i
TR

M UABETR A5 R E—BEUR T, SRR 7
Jis, K 48 h PN & B SR L AR B AT IS PR
ORI, e KA R BRI Sy A ZE AT 7R
ERZEAFTFR . AT RE . 4w AT e 2t
FRrhAERURI T, e R(E 0 Ik 448.25, 430.17,
375.06, 282.58 Fl 279.32 pg/mL., E KZFAIT
TRl 3% 7 PN I T S P e B 5 T g 3
T, 36 h BHAEHAME, 36 h 5 A
G VBT AT R RS 97 3 AT s PRl B R R 5 1]
BTG AN, 48 h BFIRFBEKAE; 2R AR
AT . AR AT T AR B AT 8 B R v
TIRTE 24 h BPIA BB, 24 h JE K.

M UAORWERE Jy o — R, 25 RN 8 i
7, R 48 b PN A5 R RS A AT v R A
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Soluble phosphorus content (p1g/mL)

7 BERENBEFETAMEMEE M@
VR A LA EAS TR/ ING " RE RS AN [R] I 1) s 22
8.3 (P<0.05), T

Figure 7 Soluble phosphorus content in inorganic
phosphorus medium of strain. Different lowercase
letters on the data of each group of the same colony

indicate significant differences in data at different
times (P<0.05). The same bellow.

()] (o)
S (=]
[=p=g=n=3

N
(e}

[Se]
(==}

S

Soluble phosphorus content (pg/mL)
W
[en]

(=]

8 BEMANBERETAMHMAE
Figure 8 Soluble phosphorus content in organophosphorus
medium of strain.

RIS KAR e B U R A ZF AT . B
REFAFFR . AP E . 9% AR IR o R
ST, S RAE S5 57.22.53.64.33.07 .
32.51 1 13.5 pg/mL, Horp B R ZF A 1E F1 8% [
H AR R R B G 3R AL I R M S A R
36 h BB A, ZERFRE; AL
FFR G SR LN T sk & A 24 h BFIK 3|
R, ZJEEWREAL; S E SR AN
(R AT P B AE 24 h UR R ERREE s AT
BB B R LN AT A PERE S e 48 h N LR
E R
232 EHBHEEINETER

W 5 RIS b B PR Rk 2 S0 22 Al 20 ke R s 4 TR
BT, it 3 WEERERGAERRIFH
SO0 BRI E AR, WE 9 R, 4
BT P RN b A 2 AT TR LA A R
233 HEERENHELEE

B 0 189 A 0 1 R B T e — S IR B A A
PR ANE LAY RS TR 2. IR
5 BRI £R B8 R 43971 42 50 F Ashby A IR |,
MR ENIREE AR, HEBrel e s A4 EA
HIRETT . 5N 10 s, 7 30 °C K537 10d,
Sl ES: 3 WA, &R, R
HJR T AR ST I 8 78 Ashby [ RS 3R 3 F K
PRAF, B 3 BRI HA AR, MEX
ZEFUAT B RN A ZE AT B R AR K
2.4 T B E AR AR A T
24.1 EHDIAABEENELER

TEWUA IR S 8 48 h 1, B3 12 h % 5%
FEHEHH) TAA SRR, wE 11 Fos,
B FC P AEHYIRI B 430 TAA RORE Ty feak, k4
A E R SERAF B . A SE AT RN 4 BT AT
W, NS TR R 4 A RE T e 5 o

S PRIE BB IR AR R, B R ZERAT B A
e [G rh AR MR TR B 35 7 ) [E) P 8 0, TAA 431
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9 EHFEDITEA)FIHIKFMEATE(B)RIARIHEE

Figure 9 The potassium-dissolving ability of Arthrobacter aurescens (A) and Bacillus licheniformis (B).
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Figure 10
Acinetobacter sp. (C).

TREZ N, 36 h I TAA SHEHARIRE, 2
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IAA Zrilbi 2 TR, XA R R RTE
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AR, BEE TAA WS 3G T 25 T8 B3 i
EH
24.2 HE ACC REEEE RN E L

ME 12 Fios, B8RRI 1) ACC
IR T A T L A SR R B S PR TR Y T A

The nitrogen-fixing ability of Arthrobacter aurescens (A), Sinorhizobium fredii (B) and

KIRERS G I 2 ACC i 2 BT 1k, HHE SR
BB ESR . MK ST I (Bacillus
licheniformis) . %% & W 4B AR 98 TR (Sinorhizobium
fredii) Fll B R ZE 0T B (Bacillus - megaterium) i)
ACC i 2 M5 ML 1825 = T3 40 2 Bk, 23l ik 2
0272 . 0.159 F1 0217 U/mg; 4 B W AT
(Arthrobacter aurescens) AT & (Acinetobacter
sp.)JLF-JC ACC Bt 2= G Pk o

3 L& #

ABIF T 1 X HR AR 22 MR DR A R
TTORAP XTI 15 073 L S ah R4 T 200 TR 19 %
Frile, HAFE 21 BRI R AR, 285 il £ o
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Figure 11 The ability of the strain to secrete IAA.
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Figure 12 ACC deaminase activity of strains.
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DL ZE R 22 SR WF 58 M4 0% L P A A A TR R A 7 1
PEME, WY R BUEAE ZE AT B8 (Bacillus cereus)
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