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CK - 90 +1.63b 3.44 £0.09h 0.57 £0.33a 2.26 +0.63b 0.20 £0.02b 173.95 +6.49¢
CK + 100 =0. 00a 4.07 0. 17a 0.59 £0.25a 2.51 0.82b 0.20 £0.02b 234.15 £4.72h
HO4 100 =0. 00a 4.29 +0.28a 0.65 +0.32a 5.91+1.49a 0.27 £0.02a 542.32 18.26a
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%2 HMIINERFR HEEMEHERGIN
phEy s RHR RINES i I T Hite K Bk S A
: (%) (%) (g) (g) (em) (em) (mg/g)
CK - 84 +2.87b 72 £0.10b 2.29 +0.56a 0.35 +0.08a 10.82 £2.41a 9.23 +0.95a 0.71 £0.06a
CK + 88 +2.05b 24 +0.05¢ 1.10 £0.34b 0.44 +0.15a 1.09 +0.26b 0.56 £0.16b 0.34 +0.05b
HO4 94 +0.82a 84 £0.05a 1.94 £0.25a 0.44 +0.22a 8.11 =1.64a 9.91 +0.85a 0.70 £0.08a

HARBEDLE], 0020 0 55 TSR VR % &2 R N2
() RIAA A 2 R, R e SRR 58 FE A iy £ i 2
WEERFNFL AR SR o

3 AT AU [ R 355 % R A i 378 W B A
R E PRV 4 B A i e 0 AR, 2 — AP R EEE
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W BRI VD 7 R (UFV - E13) X 3l 19 32
Wi, - RESE = A Al bR i, PR R o Hameeda 254
T8 WHERE 73 1 B 2 v ER TR EB6T, T 4R R
TR (TR AR KRR T
R C A T8 1 R v o IR e AR RE 1 B s 2 4 o
TR Y, SR A A P TEAE DU AR O IE X
BEAT AEAO A 77, 2 e B BRI )RR A B
VEDIEE ARG 7= , 30 T I A Al A= 7= %A 2 i AE A
AL AT PRI A TH AR ) 22 R LA L B v B 5UR
FRCR A B Mehh, SRR T L
A 5 PR A AR B S e 1 i fe R AR AR AS R Y
KBRS, AT 422 705 W 1 L %0 DR, 3
FITEREIZHIEAT T HO4 Xf GRHMEY) (2% ) FIARA
FBHEY (VN ) Bl A0 A K ey R i iR
K HO4 3 50 o AN Bl 1, 5 R 3R, HO4
Xtag AN (A A BRI RZ I, gk 1.3 2
4 7R Pl HOA nJ 4 5 4 2407 1 19 A 2 3 B i
R HORLFIRR R 75 77, 3 T3 5 /N A2 1) R 2R R
IR V3R AR 1) 0 2 2 ) AR RIAR R 48 7, )
BFER K 135% F1 132% . HO4 RE B 47 {2 73X 2
FERIRIR T8 A R R AT o P, B & 1
HO4 XfF 2 e /EAA D) (ERMER S G 5 ARA
FHEYI/INE ) BT 5 7 AR RO B4 5552 0, A3
HEEARAEY) AR B LR R R U o

4 #it

BTV I A HO4 75 AT B 1] 4 F06 1A 1 57
Herp BB LI A A B BRI R R S R BE T
ROV TR B HO4 T8 i 73 108 B B R 8t oK i
WENR - ISAE IR R 70 AR B 0 X2k BRI/ NE /Y
A RO, B0 R I HO4 fEfemy —
14 % 2 MR AR LE G, IR 3l ) o ) A A
O AW B ARE TR TR R T



TLIR AL B

2023 4E45 51 545 6 1)

— 199 —

A )R- R P A Rk 8 1 il AT O, 9 L
E BT WAV A TR ARG i o MRS SRR, HOA
AR AR A w0 0 PR AR I e, FEARO AR S AR
girp R S RME MR AR ED R R G h R
BLH BRI 1, 3k — 25 9 T ) HPRE R S 5 A
SRR LB o

S 3k

[T/ MRS 26 BUE Y m RS ot (0], R 3EAE KL, 2001
(3):7-11.

(2] sz, mOMERS. BRI RODTTE LI R BRI ], ZILepesi ik,
2016,38(6) :95 -99.

[3]Wang H, Appan A, Gulliver J S. Modeling of phosphorus dynamics in
aquatic sediments; | — model development[J]. Water Research,
2003,37(16) :3928 —3938.

(414K 3%, "I, 30, 2. MR BUEIDR R bR ()], TPk
2448 ,2017,29(2) 199 - 103.

[5]Rawat P, Das S, Shankhdhar D, et al. Phosphate — solubilizing
microorganisms : mechanism and their role in phosphate solubilization
and uptake[ J]. Journal of Soil Science and Plant Nutrition,2021,21
(1) :49 -68.

[6]Kour D,Rana K L, Kaur T,et al. Biodiversity, current developments
and potential biotechnological —applications of phosphorus -
solubilizing and — mobilizing microbes: a review [ J]. Pedosphere,
2021,31(1) .43 -75.

[7]Kishore N, Pindi P K, Ram Reddy S. Phosphate - solubilizing
microorganisms: a critical review [ M ]//Plant Biology and
Biotechnology. New Delhi; Springer India,2015 ;307 —333.

[8]4% 3O, MM, 7h ik, %5 ASWHFFR L - 1 B e AT 52
[J]. TRl ,2019,47 (12) :311 =315,

(9O MEAAL, BFHE, 4% I, 55, B WAk s S50 i v s ok i
MRS )], LAl 2016 ,44(12) ;537 - 540.

[10]Sharma S B,Sayyed R Z,Trivedi M H et al. Phosphate solubilizing
microbes ; sustainable approach for managing phosphorus deficiency
in agricultural soils[ J]. SpringerPlus,2013,2.587.

(ISR, 8, BB, % B Yo B ke[ 1]
HAEY A& 2021 ,41(1) <1 - 7.

[12]Luduefia L, Anzuay S, Angelini J,et al. Strain Serratia sp. S119:a
potential biofertilizer for peanut and maize and a model bacterium to
study phosphate solubilization mechanisms [ J ]. Applied Soil
Ecology,2018,126:107 —112.

[13]Khatoon Z,Huang S L, Rafique M, et al. Unlocking the potential of
plant growth - promoting rhizobacteria on soil health and the
sustainability of agricultural systems[ J]. Journal of Environmental
Management,2020,273 :111118.

[14]Singh R P, Jha P N. The multifarious PGPR Serratia marcescens
CDP - 13 augments induced systemic resistance and enhanced
salinity tolerance of wheat ( Triticum aestivum L. )[J]. PLoS One,
2016,11(6) :e0155026.

[15]Farhat M B, Farhat A, Bejar W, et al. Characterization of the

mineral phosphate solubilizing activity of Serratia marcescens CTM
50650 isolated from the phosphate mine of Gafsa[ J]. Archives of
Microbiology,2009,191(11) ;815 —824.

[16 ] George P, Gupta A,Gopal M, et al. Multifarious beneficial traits and
plant growth promoting potential of Serratia marcescens KiSII and

World Journal of Microbiology and
Biotechnology,2013,29(1) :109 - 117.

[ 17 ]Sarikhani M R, Khoshru B, Greiner R. Isolation and identification of

Enterobacter sp. [ ] ].

temperature tolerant phosphate solubilizing bacteria as a potential

microbial fertilizer [ J ]. World Journal of Microbiology and
Biotechnology,2019,35(8) :126.

(I8 T oA M. FRBIT LU ok D) 52 WA A0 T A0 IV P A 0t 5 o M) 52

RN TR R AT ) ] B, 2008 ,36 (12) 14822 —4823.

[19]Rovera M, Pastor N, Niederhauser M, et al. Evaluation of

Pseudomonas  chlororaphis subsp. aurantiaca SR1 for growth
promotion of soybean and for control of Macrophomina phaseolina
[J]. Biocontrol Science and Technology,2014,24(9) .1012 - 1025.

[20 ] [ 52 ot bt Wi B A B A B R , o Il s o A B LR B4 2.
FREERBEG PRI E 4306 BE ¥ : GB/T 18634—2009 [ S]
L5t A RRE S Rk ,2009.

[21]Khan A R,Cheng Z H,Ghazanfar B, et al. Acetyl salicylic acid and
24 - epibrassinolide enhance root activity and improve root
morphological features in tomato plants under heat stress[ J]. Acta
Agriculturae Scandinavica, Section B — Soil & Plant Science 2014,
64(4):304 -311.

(22 H e, B, )5 M, 4. AR I 3 FlOR R 6 B R it
EBRELT]. Al 4 ,2019,28 (1) :97 - 104.

[23]# 22, X455 3%, % 2 WRAFIFT W B0 MOR BERE
[J]. oAl Rlo#4,2019 ,47(4) 260 -263.

[24]Z%=F1y, %ﬂd‘i R, TEE U YA B SRR U5

HERELT]. AEanBlAatsE ,2019,23 (1) :59 - 64,86.
an, , Zhan, , Wan, ,et al. timization o (O
[25]Tang H C, Zhang D J, Wang C Y I.  Optimizati f My

inositol hexakisphosphate phos — phohydrolase ( MIPH) production
and enhancement of hydrocarbons degradation by purified MIPH
[J]. Romanian Biotechnological Letters, 2021,26 (1) ;2236 —
2243.

[26 ] Breitkreuz C,Buscot F,Tarkka M, et al. Shifts between and among
populations of wheat rhizosphere Pseudomonas, Streptomyces and
Phyllobacterium  suggest consistent phosphate mobilization at
different wheat growth stages under abiotic stress[ J]. Frontiers in
microbiology,2019,10:3109 -3124.

[27 ]Hameeda B, Harini G,Rupela O P, et al. Growth promotion of maize
by phosphate — solubilizing bacteria isolated from composts and
macrofauna[ J]. Microbiological Research,2008,163(2) :234 —242.

(28] 5K SRS BRI HAR ()], AATRIEE,2004(10) -4.

(29 ] W iy, G RHEY) SARARHE e AR it sE it e S st [T ].

[ A Al 2745, 2018 ,26 (1) :57 - 61.

[30]Song C,Wang W J,Gan Y F,et al. Growth promotion ability of
phosphate — solubilizing bacteria from the soybean rhizosphere under
maize — soybean intercropping systems[ J]. Journal of the Science of

Food and Agriculture,2022,102(4) :1430 — 1442.



