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Screening of multifunctional salt-tolerant indole-3-acetic acid ( IAA )-
producing strains and their growth-promoting effects on wheat under salt

stress
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Abstract: As a plant hormone, indole-3-acetic acid (IAA) plays an important role in plant seed germination, root
development, growth and metabolism. To enrich the resources of IAA-producing strains and investigate their growth-

promoting effects under salt stress, multifunctional strains with TAA-producing ability were screened from halophytes in

saline-alkali  land of Kizilsu Kirghiz ~Autonomous
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TEB RS A0 (1999-) | 40 FF s i A, W WF50 k. £ B excellent strains were selected and inoculated into wheat
4 A W% IERFSE . (E-mail) chang_0513@ 163.com seedlings under salt stress to verify their growth-promoting

Prefecture, Xinjiang Uygur Autonomous Region. Then the

BINIEE : FLRLE, (E-mail) wjilian0710@ sina.com ability. As a result, a total of 181 IAA-producing strains
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were isolated, among which MHCA37, MPCB16, and MHCA17 were the top three in terms of IAA secretion. The strains
with TAA secretion ability were analyzed by polymerase chain reaction-restriction fragment length polymorphism ( PCR-
RFLP), and the representative strains were selected for 16S rRNA gene sequencing. The results showed that all strains be-
longed to six genera, and Enterobacter was the dominant genus. The effects of IAA-producing strains on the aboveground
and underground parts of wheat under different salt stresses were different. Under 150 mmol/L NaCl stress, the stem diame-
ter, plant height, root dry weight, shoot dry weight and chlorophyll content of wheat inoculated with MHCA37, MPCB16
and MHCA17 were significantly higher than those of the control. The catalase ( CAT) activity of wheat seedlings inoculated
with MHCA37 under 150 mmol/L and 200 mmol/L NaCl treatments was significantly higher than that of the control. The
superoxide dismutase (SOD) activity of wheat inoculated with MHCA17 under 150 mmol/L and 200 mmol/L NaCl treat-
ments was significantly higher than that of the control. The peroxidase ( POD) activity of wheat seedlings inoculated with
MHCA37 strain under 150 mmol/L NaCl treatment was significantly higher than that of the control. The POD activity of
wheat seedlings inoculated with MHCA17 strain under 200 mmol/L. NaCl treatment was significantly higher than that of the
control. The malondialdehyde ( MDA) content of wheat seedlings inoculated with MHCA37, MPCB16 and MHCA17 strains
under 150 mmol/L NaCl mild salt stress was significantly lower than that of the control. It is speculated that the [AA-
producing strains screened in this study have great application potential in promoting plant growth and improving plant stress

resistance under salt stress. At the same time, the results of this study provide a theoretical basis for the development of

salt-tolerant multifunctional microbial agents suitable for saline-alkali land.
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Table 2 The ability of different strains to secrete indole-3-acetic acid
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Table 1 Indole-3-acetic acid-producing strains isolated from three
saline plants
o S TAA BRI (H)
FER IR A — —
PR A +1E Bt

AR 13 10 23 46
A 27 26 26 79
A 21 21 14 56

TAA W[ 212

itk ﬁ“ﬁg}i‘f B ﬁ”{fﬁg/‘i‘f B %{{fg}fg‘ Bl ﬁ”ffg/‘ff g
MHCA37 38.90+3.56 NHCC24 21.30+1.64 AHCA23 17.90+2.13 AHSA11 15.80+2.48
MPCBI16 31.80+2.53 AHCB56 21.30+2.10 MHSB72 17.90+1.26 MHCC66 15.70+1.96
MHCA17 30.00+4.92 MHSA1 21.20+2.36 MHCA6 17.90+1.08 AHCC37 15.70+1.58
MHCB30 29.40+1.64 MHCC23 21.20£2.15 MHCB24 17.80+2.56 MHCB36 15.60+1.49
MHCB33 29.20+2.82 NHCA4 21.10+£1.26 MHCA35 17.80+2.35 AHSA41 15.60+3.09
NPCC14 28.90+4.51 NPCCI16 21.10+1.25 APCC20 17.80+1.49 MHCA25 15.50+2.07
MHCA60 28.40+2.17 APCB64 21.00+1.48 MPCA48 17.80+2.36 MPCA89 15.50+2.85
MPCB32 28.30+2.89 NPCC39 20.90+1.56 MHCB56 17.70+1.24 NHCA11 15.50+1.96
MPCA49 28.10+3.43 NHCA1 20.80+1.49 MPCC58 17.70+1.98 AHCC28 15.50+1.45
MPCA94 27.80+1.91 NHSA33 20.80+1.87 NHCC27 17.60+1.93 NHSA9 15.40+1.65
MHCC68 27.60+1.78 NPCCI19 20.70+2.16 MHCB50 17.50+2.26 MHSA7 15.20+1.28
MHSB59 27.40+2.17 AHCA52 20.70+1.26 AHSC35 17.50+3.10 AHSC14 15.20+£3.21
MPCC93 27.30+3.44 NPCC21 20.60+2.14 NHCB32 17.40+3.25 AHSB46 15.20+2.59
MHCB34 27.10+£2.49 MHCA12 20.50+1.69 NHCC5 17.40+1.56 MHSB22 15.10+£2.84
MHSB28 26.80+1.92 MHCB38 20.50+1.87 APCA45 17.30+2.48 NPCCI12 15.10«£1.55
MHCA19 26.70+4.37 MHSB46 20.50+2.63 AHCB57 17.30+1.69 MHCAI18 15.00+1.96
MHCA40 26.20+2.12 NHCC42 20.50+2.54 MHCB54 17.30+1.48 NHSB2 15.00+2.84
MHSB2 26.10+2.54 MHSA43 20.40+2.16 NPCCI18 17.20+2.45 NHSB17 15.00+£2.74
MHSB91 25.70+3.47 MHCC63 20.40+2.87 MPCB86 17.20+1.56 MPCC64 14.90+2.36
MHSB10 25.20+1.96 MPCA47 20.30+1.63 MHSC95 17.20+1.48 MHCC52 14.60+2.51
MHSC29 24.70+1.77 NHCA44 20.30+3.12 AHCC17 17.10+1.26 AHSC34 14.60+2.54
MHSBS81 24.50+5.34 MHCA31 20.20+1.26 NHCBI15 17.10+3.21 AHCC60 14.60+1.26
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#3R2 Continued2

MHCA44 24.30£2.67 MHCC14 20.10£2.15 NPCC40 17.00+3.06 NPCC41 14.40£2.59
MPCBI11 23.80£1.32 MHSASS 20.00£3.15 NHCB13 16.90+3.15 MHSCS55 14.30£3.21
MHCC3 23.70£1.52 NHSA3 19.90+1.36 MHSC79 16.90+2.19 MHSAS5 14.20£3.16
MHCC21 23.70+2.48 MHCB39 19.80+1.45 AHCB30 16.80+2.59 APCC55 14.20+2.59
NHCC7 23.70£1.56 APCC21 19.40£2.21 MHSA74 16.80+1.26 NHCC26 14.10£2.48
MPCA69 23.40£1.74 MPCB62 19.30£1.36 MHCA26 16.70+3.24 MHSC57 14.00£2.66
MPCA13 23.00+1.97 MHSB71 19.30+1.69 MHCBS51 16.70+1.59 NHSA34 14.00+1.48
AHSB15 22.80£2.12 MHSC92 19.30£1.87 MPCA76 16.70+1.48 MHSCS8 13.90£2.26
AHCC33 22.80£2.64 NHSA29 19.30£2.56 MPCB88 16.70+2.56 MHCC87 13.90£2.54
MHSA90 22.70+1.69 APCC25 19.30+1.98 NHCC35 16.70+3.02 MHCB73 13.80+2.78
NHCA22 22.70£1.71 MPCB80 19.10£1.56 NPCC10 16.50+1.28 AHSB16 13.50£2.96
APCAS1 22.50£1.57 MPCB41 18.80+1.36 AHCA39 16.50+1.49 MHSAS82 12.80£1.56
MHCA45 22.30£1.54 MPCC78 18.80+1.54 AHCA40 16.40+3.21 NHSA30 12.80£1.99
MHCB96 22.20£2.12 NPCC6 18.80+1.26 NHCC20 16.30+3.63 AHCC22 12.00£2.49
MHSA20 22.10£1.56 MHCB15 18.50£2.13 AHSB32 16.30+3.25 MHSC65 11.80£1.78
MHSB53 22.00+2.54 APCC62 18.50+2.46 APCB61 16.30+1.26 APCC63 11.70+2.15
NHCB31 21.90£1.68 MHSB27 18.40£2.49 MHSCé61 16.20+3.54 AHSB48 11.60£1.69
AHCA24 21.90£1.49 MHCA42 18.40£1.26 MHSAS83 16.20+3.12 AHSC13 10.70£1.36
MHCB77 21.70£1.26 AHCC27 18.40£1.36 MHSA9 16.10£1.26 AHSC49 10.20£1.12
NHCC8 21.60£2.32 AHCAS3 18.30£2.35 MHCB67 16.10+1.58 AHSB36 10.00£1.06
MHCB75 21.40£1.32 AHSB29 18.30£2.15 NHSA36 16.00+1.49 APCAI12 9.70£1.48
MPCC97 21.40£1.49 NHSA43 18.20£2.14 AHCB44 16.00+1.78

APCAS0 21.40£1.87 MHCB70 18.00£1.74 MPCA84 15.80+2.16

MHCC4 21.30£1.96 NPCC25 17.90£1.96 AHCA43 15.80+2.15
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Fig.1 Phylogenetic tree of indole-3-acetic acid-producing dominant strains based on 16S rRNA gene
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TR EE TR, 200 mmol/L NaCl Jrl T,
TR MHCALT7 BARR 1 /N 22 bk = Rt 2 3R 3 4 bk

FEET AR BaR MHCA37 F1 MPCB16 BRI /N2
550 REAH HE AR A2 SR #8183 . 300 mmol/L NaCl
JiE R 4R MHCA37 1 MPCB16 B bk /N 2 250
B TN I 4R MPCB16 T Bk 19/ 22 bk v 3%
TN R HERD MHCA L7 TR (/N2 1 1 384T
FI R 2R B i 0 3 = TR
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Table 3 Determination of salt tolerance of 10 dominant strains

k7S 2.5% NaCl 5.0% NaCl 7.0% NaCl 10.0% NaCl 12.5% NaCl 15.0% NaCl

MHCA37 +++ ++ ++ - - -
MPCB16 ++ ++ ++ - - -
MHCA17 +++ +++ ++ ++ - -
MHCB30 ++ ++ + - - -
MHCB33 ++ ++ ++ ++ + -
NPCC14 ++ ++ ++ + - -
MHCA60 +++ ++ ++ - - -
MPCB32 ++ ++ ++ - - -
MPCA49 ++ ++ + - - -
MPCA94 ++ ++ + + - -

+++FIR 1.0 em<H % HAR<LS cm; ++3%7K 0.5 em<BH K HAR<1.0 em; +FRHE HAR<0.5 om; —FR & 32 FHNH]

x4 ABEHRHOEMEESENESR

Table 4 Determination of other growth-promoting properties of dominant strains

bk 16 Ut 0 ACC M A R 1 PR R RE TEHUBE B i A HLBEE B
(U/L) (U/mg) (A/A) (ng/mL) (pg/mL)

MHCA37 16.21+0.36 - - - 2.45+0.06
MPCB16 17.02+0.03 31.80+1.23 0.119+0.020 57.27+2.40 -
MHCA17 - 0.60+0.06 0.177+0.080 76.49+3.15 5.16+0.99
MHCB30 - - 0.126+0.020 - 30.33£1.15
MHCB33 15.18+0.31 - - - 4.47+0.60
NPCC14 - - 0.121+0.030 - -
MHCA60 - 3.34+0.87 0.143+0.050 66.47+3.11 -
MPCB32 - - 0.102+0.040 - 5.66+0.56
MPCA49 17.09+0.16 - - - 3.59+0.51
MPCA94 - - 7.75+0.70

R TER I AR E 22 ; SR BT TE T bR , A B AT eI A g

2.6 Sk IAA FEHEEIT/INE £ IR

POD CAT 1 SOD JZA¥ 4y 41 23 v 357 il 47 7F 1) 1%
P 35 S0 R 1 v I S B T AR A AR B s
PERYAEIE (P 4) . $28h MHCA37 B kR G /N2 4l
CAT 157 NaCl #RFE A4 150 mmol/ LA 200 mmol/L
I 5 38 T R 4280 MHCA37 MPCB16 \MHCA17
FRRI/NAZ SOD 1EERER NaCl ¥ /Y T i 4%k
BTz $E R MHCAL7 T BE (9 /N 22 4) 1 7 NaCl
WA 150 mmol/LAN 200 mmol/LA SOD 3% P i 2%
i XTI $ERD MPCB16 TR BRI /N2 D) 7E NaCl i
4 200 mmol/LIt SOD 1% ¥ 3% 5 T % MR ; 32 Fib
MHCA37 WG/ NEZ LT POD 5 7E NaCl e
150 mmol/ LA} i 2 /5 F %) HR, #2280 MHCA17 B #E 1Y

INZE B EAE NaCl ¥ 4 200 mmol/ LIt POD 35k ik
TR,

MDA — 75 HI g5 86 (BT AR ™ AR A A T Al
ZARAWTIRE, 73— 5 T AR £ 4E R 53Tl 1Y)
P A st B B A i A 1 BTG, R MDA 3
FURSXH AN B — 2 0, S B b asi 1t
WA, $Rh MHCA37 MPCB16 MHCA17 FREM)/INZE
LPETE 150 mmol/L NaCl UK EEERMME T MDA & it
3% T % IR 4280 MHCA37 \MPCB16 T B 114 /N
FHITEAE 200 mmol/L NaCl Hife BEER pi8 ~ MDA &
T ZE TR 76 300 mmol/L NaCl 5 e FEh fikif
T HABFIMHCA VTR /NZ G MDA 75 5 f 3
T XTRE,
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Fig.2 Growth-promoting effect of indole-3-acetic acid-producing strains on wheat under different salt stresses
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b, 3 - AR Ty, FE B AR s v T A
4 g PR 51228 (A 281 PGPB 14 K 385 0 o
SELIE I = SR R BT, B T AR R AR )2 N
TR ER LA T R, SR R I
PR L B A W EA i B T R B AE 1, AR ST
N e IBi N N L W= R R Bt X o =
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IERAR A PR RE 2 7F NaCl & 524 10. 0% 1%
PR RE A K, FEMAES 5B Ay X5
G 1 B 1Y Bacillus mobilis ST37 & AR BE W8 T 57 4%
NaCl Jiirift, 5a ik 1 /= 38 FR B8 T T AR ME LLAE 1 1 IR
B, AW N ER A FE YA PR AR P | 3 R Y
7= IAA 1Y 2 IR #k MHCA37 MPCB16 . MHCA17
bR T HA — & i Ehae g1, b e L 2 A e e

AR ER IR 5 EHY S S A ™ 1AA
BT B Z R0 LU FT I & ( Enterobacter ) |
ZEAUFT R I8 ( Bacillus ) ARIR 5 )& ( Rhizobium) | {5
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SO TG Y R R P TAA HLBE Ni L Cd B9 TE R
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chiana) W7 72 TAA )42 # KLBMPTC10 ¥ )& T 2
FAFER TR 5 DN B SR AR PR 23 B 10 5 7 TAA Y T B
FX-02, Y% 02 A R AT B 25 M R N £
FEBORT N AR TR Hh 0 B 105 7 TAA TR 20 i T 28 1
FF 0 J A5 A BR 18 & ( Staphylococeus ) o ARHFGE M ER
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W AETE TAHYIAR R AR B, HRE X AR PR 4= 18 7 2 F1
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REXF AR A ) 6t JA 25 R AR A5 |IE FH ) R 3
Ve HE Py A Az T 1) 52 BRI FH I 5 AT IR AR GE . 3
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S5 AT B ARG A, W Khan 55 B9 & 9K,
Sphingomonas sp. LK11 W] 7E & ¥ B £k W 382 ( 500
mmol/L) A7 , i F e VA P A 1 3 = Al P T
s ZE 4R N A 39 T 3 B A 3] A Y R I T
CX-15 HA TR E, e (e A KK E R
ISR TS e 13, A o3 B iR T
¥k MPCB16 7= TAA ik 31.8 mg/L, B Ik T [ ik
SO I AR PR A R AR m-53,
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CK1: % 1(150 mmol/L NaCl ZbFEABERN™ IAA TARAG/NZE DN ) 5 CK2 . %4 HE 2(200 mmol/L NaCl ZbFRA BRI IAA TR A9/ L) 5
CK3 . %] 8 3(300 mmol/L NaCl ZbFIARFERN ™ TAA HARI/NZE ) ; A1: 150 mmol/L NaCl 40345 T MHCA37 BRI/ NEE 4 5 A2:200
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3300 mmol/L NaCl Kb34F T MHCA17 WRARII/NZ 2N,

B3 FREENE T 7= 0k Z B E X /N E kR 2

Fig.3 Effects of indole-3-acetic acid-producing strains on wheat plants under different salt stresses
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Fig.4 Effects of indole-3-acetic acid-secreting strains on physiological characteristics of wheat under different salt stresses
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