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Abstract: [Objective] In this study, a novel bio-organic fertilizer was designed by adding sorbitol, which is one of the
preferred carbon sources for the functional strain Bacillus amyloliquefaciens SQR9, to the normal bio-organic fertilizer rich
in strain SQR9 (2x10® CFU-g%). The plant growth promotion effect was evaluated. The mechanism for elevation of plant
growth promotion effect of the normal bio-organic fertilizer by sorbitol addition was studied. [Method] The effect of this
novel bio-organic fertilizer on cucumber growth, soil biological and chemical properties was evaluated by pot experiments.
The effect of sorbitol on plant growth promotion and stimulating IAA (indole-3-acetic acid) production by strain SQR9-gfp
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was investigated by culturing experiment using Arabidopsis. [Result]1The pot experiment showed that the application of this
novel bio-organic fertilizer could promote cucumber growth by increasing the soil nutrient availability and the colonization
of strain SQR9-gfp. The addition of sorbitol could promote IAA production by strain SQR9-gfp. Comparing to the wild type
Avrabidopsis, the plant growth promotion effect of sorbitol addition vanished on the IAA insensitive mutant Arabidopsis pin2.

[ Conclusion] These results suggest that the application of this novel bio-organic fertilizer can promote plant growth. The
addition of sorbitol can promote IAA production by SQR9-gfp and this is one of the mechanisms through which the novel
bio-organic fertilizer boosted plant growth.

Key words: Bacillus amyloliquefaciens SQR9; Sorbitol; Bio-organic fertilizer; Growth promotion; Indole-3-acetic acid
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WK, BRARKI AR 2. BN B RO i ) 0 A5 7 T A A A

VA HUEAFE LR LR ERMLEE: (LD APaPURRA L3S, AR R Th e B E & AR
UGS AR . it A FE R R IR, e AU R R 1 A R R
A PR BE R BRSO R SR N R, A Ry AN RIS P BUS A B b A
WSO T, i P R AR IR, LR R A A T b AN R B i R iR
WSO P AV PR B A LR O5R ), IR =45 . BEBRED . WERREk. AWLREEE L mi Hohittk
AT EER IR IFR . (20 VA PIEFRIIHRER e WA KR (B AR, 1AA) AT
Wy R A A A K U0, IR 224 T B L RERR AR R ST RS PR, B e A O B A K
I, WRYAERRNLET, () AYHEPUIEFEES A Ny Py K LEHETTE (Ca. Mg,
S %) M ICER (Fe. Mn. Cu %), HLEVIILRIA, & HAER. EAK. ¥ JEIEa
F AT, I i 23 RE 5 H B AR b Th B B 0 RE T S T RE R A . B TALAE 10 D RE UL W B I ) B
FoREMER, DhEER I RARE R, HAe S A AT P S B AR, sl = ST 7 o B B
Xof R UE KD ZEAUAT T SQRO-gfp 1 B AT 25 (R HEAE FH o AR LA F A2 (R4 1R P 2B A S S BT 7 21
ek, IR RANMR 2y, B AR R A 3 AR ZOR I, (AT WUAE rh A 4 5 I R R
AR B, ZHRIEIA T L RSB, R4 EHUEF I EEE SQRI-gfp i IF I 5
W ALEE, NAeA R m e A R Ih e R . ST 0k, AW TT DA L AL BN AR Ve B 25 F T 1
SQRO-gfp MIAMIEHLIE NI TR S, CLRISIEYI D PEIR . SQRO-gfp & S AN 1AA BEJINK
BEFRRR, BT T ZAA HUIE R A N S LB

1 MRS TR

1.1 kel

U T RETM A P RTL T34 [ A 320 B DR AR i BRI 7 B A SR =8 23 B AR A 1K B 7 4% A%
T AL A A K FIAR BRE A AR UE N 2R FFF B SQRO (Bacillus amyloliquefaciens SQR9), %k N
TR PR AESEFIIIREBvE (PGPR) W, 2547 v [ (o A 0y i b (A 5 B B 2 il U E o,
B PR ORGE5 9 CGMCC NO.5808. 1% 1wtk CLF| FHER 158 B I (green fluorescent protein, GFP) #E4T
Frid, 188 SQRO-gfp. X ARTE VRS TR H SR 0, HAKH ARG E 5T
AR AAR T,

AT S FH ) I it b R VL 5% - i = 5 I

LB (Luria-Bertani) 35373 (1L): HEAM 109, BEH 59, &A1 109, Bgk 29, pH A
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% 7.0, 3597 SQRO-gfp I AEBE R ATAS N T B 20 ng-mL™ (R IFE 2 BT KIFIRAE: KH,PO,
19, MgSO,7H,0 059, Hi%i#i10g, HEAMS5g, 0.1 g-L FMPLLKER 3.3 mL, 2.3 %3ifs,
121 “Cr K1 15 minl™®), i B 745 100 mL 3530 b 1 g-mL™ S 5 204 0.3 mL.

P R VTR B, ISRV A T - pH 7.24, A LR 15.44 g-kg™, 4% 1.96 g-kg™,
4tk 1.62 g-kgt, A4 1158 g-kg™, A A 21.26 mg-kg™, E A4 86.53 mg-kg™.

BERAE AU e H AT 22 2% A% = A= MR A A BR A mI AL o K AR Ve 3 F AT R SQRO-gfp #5FH 2A HL
HE A E A HUIE, (AR 2 B A F) 2X 10° CFU-g ™.

RIS FT R T (Arabidopsis thaliana) AEHMELEIE (Col-0) A=A IAA REUKRAA pin2,
F L P R 22 A i 20 A A
1.2 Wit

NI B 4 A FT@EAEHAE (OF). HiEAMLAE+SQRI-gfp (OF+SQR9-gfp). i
AHE+ILELEE (OF+S) A @A HLE+ SQRI-gfp +ILAEE (OF+SQR9-gfp+S). HMabEiZE 10
ANEE, BAEBRT 3 kg, B0 5% ERTFYIR SR/ LT & 0 AEYaIIRS L35
PENEEAE, JEHK A — SR ARSI E AR YIS 1) 4%, BEAEY)A HUARHE N 135
i

SQR9-gfp 73l IAA IREG B 7 ML AEINLEEE (CK) F¥shniZeEE (1. 5. 10, 15, 20
25 mg-L™), Beit-Z x| MM 5k AT o KRR S AT B SQRO-gfp 3R T AN IR Ll AL B 1
ff) Landy 859758, (AR 10 mL-L™, 22 °C, 90 r-min™ BEGHEE 72 h.

PRI IR IEIR A 5 8 N AbHE . BFA R B4R RU+SQRO-gfp. B AR+ ILALEE . B4 A+ SQRO-gfp+
B4R SR SR H+SQRO-gfp. ZEAR Y+ 11 ZLRE AN 5845 U+ SQRO-gfp+ 11 B4 . oL ig T+l -1~ [
HEE, BRI 70%ZE5E 2 min, 10 g-L™ NaCIO 42 3 min, FH S /KBES: 4 Wk,
FFFFT 1/2 MS (Murashige and Skoog) 35773k 4 CROGHEN 2d J5, 5 22°CGRREEF= M B 2F
3d. B REEETFG R AR FALER IR 5 f, (L BLBE RN N 1.5 g-mL™, SQR9-gfp K
VR P K F) 1.0X 10° CFU-mL™ . B FR M4 &t 11 (Parafilm) (1. 22°C, 16 h J¢lIR/8 h SIS &
T 16 d JE M R K
1.3 MEFHE

T AT R IR AE BRI E . AR SEEG P R AT R IR A P ELEE Bacillus amyloliquefaciens
SQRO-gfp. MMLLH . AW HE, AMMKAMERBEFAOTEENE, BIEWT: FREUREFE LT (R
bR HERTE ) 59 W T 45 mL KB KH, BONFEIREL 175 r-min™ #23% 30 min, 2RJ5 BEAT R 50865 Fi
FE, WREX 0.1 mL AN [F)F% R P - A VR A T A B (e R P [ Ak s R 26 b, AR L 2R AT 1R 8O T 29 °C
BEFRFE PR TE 24 h JE T AL R T 30 CREFRM R R 3d JETHEL ER T 28 CE A 3~4d J5
. YRR DA IR TR BT, DL CFU-gt o

TR E . FNTRRSE 25 d I e S a3 ik 250, 2R At & i
{4 (SPAD). b b #Bor e R B AT 705 B . SPAD. ki FIZ5HH 7 il ik F -4 = 521X (SPAD-502
Plus, KONICA MINOLTA, HZA). W& RS- bs -~ REEATIE ;b EE) BT & A4 5
BHE 2 —RKFHTIE .

IR A I . IR R A 0.5 mol- L BRI A AE R AR BT L e, R
TR G TR E T . I S EORAN A R & Rl e . FREGE 20 H i £
FE3g T 50 mL B0, SREMA 25 mL 0.01 mol-L™* SUALA IR AW, e B O M gE, WE
THAK L, EET 170 rmin?, Z% 30 min J5id3ET 10 mL 208, BJ5 s Hr (Seal Auto
Analyzer AA3, FEED MEMHRSR. HARSE.

VERIFRAY FOINSE . AEAD A e R A LI, B AR R ANk 5 03l ) 0 2 B JMBE . KA AL
BN A R FH 28T e e« A AR 2 SR H,S04-H,0, T, AHERDLEL ikille . 1H
WA R K K G BE TR g TS 0 L B P AT
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IAA AR A Salkowski b2 . brifk 26K A IAA FRif it (Sigma) il /F . B i) IAA B IRIR
FEHYRA 102 204 30 40, 50 mg-L™*t, Z»SHIEC iR IAA % 0.5 mL, SRR S2 Lhthil, 1F R
W5 rh B 30 min 51 FEEFR{X (Molecular Devices, M5, ZE[E) Wll5%E ODsgs {E, LAMIA T B TR T
Landy #5725 %, BEHE =K, SREEERHIERELZ.

W R R 2EHONT B (0 1 B 0% 8 000 r-min™. 4 “CES.L» 10 min 5B LZ KB 0.5 mL, DL 1:1
LB S2 bhtasii, &8 30 min, H AL Landy Bi 53 A2 (I IR 45 OBRAS ALr )
VLA R B S IAA S5, HIFIR RN IAA S8 .. 66 THIE ODsgs 18, FIAHR
(bR B 2R Z B AR IAA &, S2 Lhfail: 4.5 g —&ALEE T 300 mL Z&18/KH, A
597.4 mL 98%IK AR, A HIE TABEM P EAZE 1000 mL, Eb@ IAA I E JEFE A 5~200 mg-L™.
1.4 BUBALTE

KH Excel 2016 #1 SPSS13.0 @47 #dm vt o0, A B/ 3 22 7% (least significant
difference, LSD) #5647 % HE b (P<0.05).

2 2R 50HE

2.1 FNEIAERACIE S = NE P F MRS

AN A AR AL FE 6 AR A MR B B (B 1), OF+SQR9-gfp+S AbHR I #k =i A L OF+S
Wy 2.67 fi5, % OF+SQR9-gfp #4 i1 7 1.76 5, #: OF ¥4/ T 3.24 f%; OF+SQR9-gfp+S [ HHAH
Et OF+S 341 1.77 £, #: OF+SQR9-gfp #4117 1.43 fi%, % OF #4177 2.06 fi%; OF+SQR9-gfp+S
(MK AL OF+S BT 2.15 %, % OF+SQR9-gfp Ny 1.88 1%, # OF Hhny 2.29 fi%;
OF+SQR9-gfp+S MM R A EL OF+S #4017 2.32 1%, % OF+SQR9-gfp #1T 2.02 f%, % OF
WY 2.33 fi%; OF+SQR9-gfp+S. OF+SQR9-gfp 1 OF+S 5 OF ALk, Hb k344 5 2 A4 i
YA, OF+SQR9-gfp+S &% & T OF+SQR9-gfp 1 OF+S (P<0.05), OF+S 5 OF #f Lt 2 5
ANEE . UL OF+SQRO-gfp+S HE WS 2 3 Nt b3 o (M R & AT 9 i &= . 48 b ik,
OF+SQR9-gfp+S x| 25 JINA B B R AR, X SR REMAF LR, Ui SQR9-gfp &k
POF5 BRI A B, it PR 2% BRI A1 2 A LB B S5 35 (R kA A K P24,
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TE: OF+S: FHIEAHUL+ILIZLEE; OF+SQRO-gfp+S: Wil A UL+ 2F /AT SQRO-gfp +ILIZLEE; OF: il
HLAE; OF+SQR9 gfp: il A MUAC+FIEM ZF AT HE SQR9 gfp. TIF. Note: OF+S: organic fertilizer+sorbitol;
OF+SQR9-gfp+S: organic fertilizer+Bacillus amyloliquefaciens SQR9-gfp+sorbitol; OF: organic fertilizer; OF+SQR9-gfp:
organic fertilizer+Bacillus amyloliquefaciens SQR9-gfp. The same below.

1 At A AL B B A2 A AR AR 5

Fig. 1 Effect of different fertilizer treatments on biological characteristics of cucumber

2.2 NEIFERHCIEN TP IRYF 2 EFMN

A7) it B Ak BT 358 PO O B s i P 2 2 BT OF+SQR9-gfp+S Ab B 8 4 & B fe
4 249.8 mg-kg'. OF+SQR9-gfp+S Ab¥H 5 OF+S AbBE. OF AbFE. OF+SQR9-gfp AbEE 614 &35k
ZE 5t o AN TR AR AL X 4338 b R R S 0 B 2 A5 BT : OF+SQRO-gfp+S ANEE A 25t & e fe i »
4 128.2 mg-kg™'. OF+SQR9-gfp+S ALFH 5 OF+S 4bFH. OF AP, OF+SQR9-gfp Ab¥H 2 A4 &3k
725 o B I LAY BE AN SQRO-gfp A BH . a8 I BRAGIE R, 5 vy 438 v USRI A O 1) B =
(A I s 0 L 2L B A SQRO-gfp AL BEAUR B AL,  Ho i Sy n i 240 5 ¥ SQR9-gfp AL .
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Fig. 2 Effect of different fertilizer treatments on available K and P in the soil

A A AR AL 3 S E AN SR SR A A RER (K 3). OF+SQRI-gfp A FH 14 A%
e, 15%)31.43 mg-kg?, HIKJE OF. OF+S. OF+SQR9-gfp+S AbFH. &-ALIE 2 (A HAFE4E &5 35
75, OF+S AN FR MRS A A & B i, 153 246.5 mg-kg™, H 2 OF+SQR9-gfp+S. OF . OF+SQR9-gfp
AbFE ., OF+S 5 OF. OF+SQRO-gfp 4bHE [A]¥)H i3 2 55 OF+SQR9-gfp+S 5 OF. OF+SQR9-gfp
AbFR 2 (B3 B R 2 . T B L AR B AR A WU A R LI SR S, ke
YRR TR, it AR a WU G B4R i 2 e 3 rh S BRI S RS &
BB R, FE AR R, AN AR, R R RS SRR
Perm, AHAGAN R AR A B BRI . R T U B e FH AR A LR R A R e I R AR A
&, TIREEMTCARIE R ZREMKEN, MAEwS 5iFER R, & LaE it
YA HLRE i 25 IR R AL T RUR, AR T LIRRE Y 2 R, Hod 5 R BRI R R
SR AEYI I E IR AR, AR AR PR R B SO R, 48T T AR K, AR
T HIE SR IC R ML SIE PSP, BRI RN RS 2 v I R 11 RO PR, 1L AL R
DI BE 3 R R A R R 1, TR S T RIRE R E IR WRIMIRIA ST T s
FotE, WHR TR IR TR

40 300 ¢
- a
o - a a
o o 250 f — —I—
£ 30 o b
= £ 200} b
@ =
®g 73
¥z 20 b @ g 150
E =
= o 100
c c “:‘u‘
g 10 — =
E d Z 50
0 i i ) 0 i i i "
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Fig. 3 Effect of different fertilizer treatments on the contents of ammonium (left) and nitrate (right) nitrogen in the soil

2.3 TERERHACEERT B T 7 IR A 2
A5 it Ak B B SR R (1) 5% 70 B B3R 1 B, fEARRIAR AR FEH, OF+SQRO-gfp+S Ab ¥ i) 3
RAR . . &8N SERe, 29ia% 7 19.85 mg-kg'. 501 mg-kgt. 23.87 mg-kg’.
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OF+SQR9-gfp+S ALHIE R4 & &4 OF AbHifE; 43.6%; OF+SQR9-gfp+S AbEEIR UK ¥4 OF 4b
HiE 2.29 £ OF+SQR9-gfp+S AbHE (14 AEF| FH #2642 OF Ab3i /&) 23.7%. £5 LRTR, AHEC AL
AW PR INARVER ZF AT T SQRO-gfp Al OF HIALFE, 7[RI s b 1L B A0 AR VE b 28 F AT 18
SQRO-gfp HIZAEMANLAEALEE A, VRN RETE KRR A M H I AN A RL 1 7755
* 1 TEMELIE TRIERFES S8

Table 1 Effects of different fertilizer treatments on nutrient absorption of cucumber/(mg-kg™)

Q-3 Treatment 4% Total N 4% Total P 4= Total K
OF 13.82+0.03d 2.18+0.01c 18.21+0.52b

OF+S 16.58+0.04c 2.44+0.12c 19.73+0.06b
OF+SQRY-gfp 18.64+0.11b 4.1620.10b 23.7820.22a
OF+SOR9-gfp+S 19.85+0.11a 5.01+0.16a 23.87+1.79a

E: FRARENG F R R AR AT 62 5 5% (P<0.05), Note: Different lowercase letters in the same column
indicate significant differences between different treatments (P<0.05).
2.4 NEIRERHLIE ST T IR P E IR E R0

A 5] it B A B I R R A B E R B 4 s . BN AR ER N AR E
OF+SQR9-gfp+S 5 OF+SQR9-gfp 4bFEZ [A]F B 2 75 OF+SQR9-gfp+S 5 OF. OF+SQR9-gfp+S
5 OF+S LR 27, {H OF+SQR9-gfp+S HIFE &4 T OF F1 OF+S AbFH . wiAS [F] Ab BH 1) 4H B %k
M F, OF+SQRO-gfp+S 5 OF #lk, HAEFEZR; OF+SQRI-gfp+S 5 OF+S L EZER, H
OF+SQR9-gfp+S Mgl £ =T OF+S. AR EAE M S, OF+SQR9-gfp fit T HAthib
o, BAEEES; OF 5 OF+S Mt R A BEZ R, Hiln SQRI-gfp HIbE &AL . BAF L
) SQRO-gfp F 1M 5 , OF+SQR9-gfp+S 5 OF+SQR9-gfp AL FEAH EL T BH . 2 5% , {H OF+SQR9-gfp+S
AbFEH SQRY-gfp HI%LE =T OF+SQR9-gfp kb3, 1Xn] 82 K A L AL RE (et SQRO-gfp 72 i A1FE FH =
BUAIE I, 7EYIH OF+SQRO-gfp+S Ab#E o SQRO-gfp ML EH M1, Bl B N4k A L,
B REAR R FESE, TP SQRO-gfp MR b2 NF%, [Rth, 0L AL EE X AEVE K o8 fAT i
SQRO-gfp T EA BIE . AR 7% m], AW A WU 5 Be gt iR br 3 R ami . Tk
AP HIGTE, MTANHDRE R BT, PR SR, MG R At . A 7RI
OF+SQRO9-gfp+S A FH A4 i  H W K i % & T OF+SQR9-gfp 4B, Hol 2k 481K T OF+SQR9-gfp
AbFE . BRI, Tt 2 LW AL EE AT SQRO-gfp (1AM HLIERT Biest L3 T AE VI EvR 45 1), oS LB
T, $E IR A BRI E .
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Fig. 4 Effect of different fertilizer treatments on the amount of microorganism in the soil

2.5 LLIZYEERT SQRI-gfp BEHK S i IAA HISZNT

Lt B4 SQRO-gfp 73k IAA IISZIA LT 5 Frus . LAEVER 28 AT B SQRO-gfp AMKE ., K
J11 Salkowski Ft 075 . (49 5E B 52 T PR AE LU BAREAS RIR BERR B2 R 7 IAA BE ). S5 REoR: B L
FAREHEE MOS0, SQRO-gfp 73 IAA HRE A N, ILALRE 15 mg- L™ I IA SR K8, H 5 HAh
WA REER . EREIERZ TR ZMEEIER, SIRED MR, (R Y
P AR, AR PR R TT A R IAA, Y2 WCEYI RIRERA 40 LAA 1ORE ST, T{RHHEY)
AP,

M
[==]
[14]

-
w
(9]
o
(9]

-
(=]
T

SQRI-gfp FFIAA 7 H5HE
IAA secretion ability of SQRS-gfo/(mgL")

&)

5 10 15 20 25
MR
Sorbitol concentration/ (mg-L™")
5 AL ALEEAR N SQRO-gfp 1 IAA [HIEEM
Fig. 5 Effects of different sorbitol concentrations on IAA production by SQR9-gfp
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2.6 TEIACEE X B4 B FNSS TR RS TT RO S2 M0

AR AR T LR IR F 22 R A B A 6 T £ Col-0 BFAE R rh, 1L AU EE+SQRI-gfp 4b ¥
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SQR9-gfp; SQR9-gfp+S: Bacillus amyloliquefaciens SQR9-gfp+sorbitol; Col-0: colombian wild type Arabidopsis; pin2:
IAA-insensitive Arabidopsis mutant.
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Fig. 6 The response of Arabidopsis root architecture to different treatments
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