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Abstract: [Objective]l Screening bacteria with phosphate-solubilizing ability in Coix were identified and provide excellent
strain resource for bio-fertilization agent. [ Methods] Endophytic bacteria were isolated and purified from specimens the
roots, stems, and leaves of 25-d-old seedlings of Coix lacryma-jobi L. Abilities of the isolates in dissolving organophosphate
and inorganic phosphate as well as in secreting phosphatase were determined. In a pot experiment, effects of two selected
isolates on the growth of Coix seedlings were examined. [ Results] Eight strains of bacteria capable of dissolving
organophosphate and 5 of degrading inorganic phosphate were isolated. In the 5-d culture supernatants, the highest
concentration of phosphorous converted from organophosphate at 37.20 mg~L7l was reached by R24, and that from inorganic
phosphate at 62.93 mg‘Lfl by L21. The enhancing effects on plant height, stem girth, and tillering number of the potted Coix
seedlings by each and mixture in equal proportion of the two supernatants ranked in the order of L21>R24>mixed bacterial
liquid[ ¥ (R24) : V' (L21) =1:1]. The 16S rDNA sequence phylogenetic analysis identified R24 as Bacillus pumilus and
L21 as B. velezensis. [Conclusion] The phosphobacteria L21 and R24 displayed a significant effect in promoting the growth

of Coix seedlings.
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(a5 & XY #FH T (Coix lacryma- jobi L) J& TR
KB} (Gramineae), %) ZE W (Maydeae) & 1 )& (Coix
L) MY, R EEG s EY . K
DAL ge i Fpte 7 Ak, S BN Mk, fbit A 2y
WARK, HEREEAGIN, SR HE™
FRM, R4 MR T s n 5 ik
FA R AR RS, (AR ) B O M AT W X L
WO FH A Wl B AR R T WS R AR S, S BT R
T, MWEEEY A K EEY. (AT ADFF
JEY 20 t2g 50 AT [ 2 o6l A i TR 1% ;O i
TTWE9E, Se)a AR AU SR R Ak 4 v i ik s i %
JIRE AT . BEAT R, Ak, IR
9 EL A i i D) BE 1) TR PR R 4 = AR Rk s o B rh T
RIMA %, RIEEY AR T Y B i oe w4
Ao Il AT DRE R 2 4 4 s T R B 4 Bk B
AIRTIHLBERE ST, 2 MR B A MMAPIBERE ), ke
4V R 5 52 WY N A A0 T SRW LA 500 11 18 Bl i
BERS I M B A KR 8 s B2 PR g 22 W e
W P2 B AR B KRR W &, (R AR R A
Ko OARBFRUIA LY B FTA SN A 3 0 i 53 fif
WARIE, UHREE AN AR . Fi, A0
15 126 8 0T B N AR RO IR R N AE TR R S AE K52
ma, DAEIRA T A K kB o B AR E
o U0 pe i S B n) A ] Al 3 40 25 S0 2 5 AR
ZE M NAHE, TR E S BN AR, IR L
FE R 55 F1 Caz(POy), 1 Ay ME— A7 BIL B I8 A1 JC L i
VI BRI o i A LB A G AL RE 77, il ad 2k
WRF BN AE T SR AE R AER, B
Wl N A T B 2 oy FH 4 HE S AR 48 AN R TR
1 #HH#57*
1.1 RIE#R

SCER 25 (2015 4R i B RN AR SAE Y S A
UOE R G E) hZ A SCIL N Ol B B 4R
o 2020 4F 7 H, @RI R TE = R K2 bR
AP KN AT, #EFD 25 die, S TR R .
1.2 EFE

LB 3idk: 10 gL RE MM, 5L BEARE
Wy, 10 gL A fkéh, ZEMIK 1000 mL, pH{E
7.05 FEARREFEIEAE AR LB 55 32 3L (0 3L /E E A A 20

gL B

TEHUBEG S 10 gL' #iZHE, 5L Cay(PO,),,
0.1 gL' (NH,),S0,, 5 gL' MgCl*6H,0, 025 gL
MgSO,+7H,0, 0.2 g'L ' KCl, Z£4#7K 1000 mL, pH
Hh 7.0~7.5, [ERREFREAE MRS 77 2 0y L6 1
A 15.0~18.0 gL' Bifig#s .

HOUBEG R, 10 gL #%&KE, 03 gL' NaCl,
0.03 g'L"' FeSO,, 0.03 g'L"' MnSO,*H,0, 0.5 gL
(NH,),S80,, 0.3 gL' KCI, 03 gL' MgS0O,7H,0,
2 gL MIFRES, ZE18K 1000 mL, pHIH K 7.0~
7.5, R KRG IR EEAE AR B 77 B 0 LAk B A 15~ 18
g-L7l R
1.3 BUASEER B

P AR B 43 8 4l Ak 2% Cardoso 261 (07 Wk A
W, #EF 25 dJE, MUE WA PR L 5 B R AR
M AAE g, BESEMEH A RKMPE 3 min
LR RN, AW T EmAKS. R H
75 % L PR 2 ming FEAH 1 % AR B4 TH B AR 41
215 min, 25 . M 42 3 min; &5 H JCH K E B
6 K, BRIER IR IC R 40K W T K
T 17 (4 4 00 £H SR A I BRI TR 1 L A
9mL oK, BHERLSHAR, 5 min, B
VRS 10 7 /%, WATLE LB VA L, T 35 C T
2d. PREUK bk T2 L, EEMR LR 6
FOESFEA —5, gifb iR 40 % Hil R £ 2
=20 °C VKA A5 H o R EE I B e S5 — ORISR 30 79 G TR 7K
100 pL ¥ 45 F LB AL, [FISEAMFH3R, KR
HEEEWIE.

1.4 AN ME N5

SEPEIAE . VKA R BURRAF N A A, =
IR IR A AR S . G & b 1 AR ER g
VFRWE, ZIR50 M1 07 v 20 ) B T DLk
ATCHLBE A b, A EARER 3K, 30 C 55
F5d, WEATCHEHEAER, WEEskEER (D).
WEER (d), MIETTHEMFEE (D) KAWL
SERMRMARSRE ST . BRI . SR B L e
s LA
15 RS S L BRI E

AT 3 U & R o A Dk .
W B bk R24 . L21 280 T 100 mL A HL8E A G HLBE 1%
Fedh, F30°C, 160 rmin  EH IR, LA
AREHER RN A, G EL 3K, 5
24 h B 1 mL FEAT 02 il 17 1 E
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1.6 ABHEENENEKLZENREN

AR BRIART 35 C 3R 28h, K5
8 000 rmin ' B ML, TRKER, HIHHE
WM BE R 107 cfumL ™ TS 2t .

KR HBENL X A3, & 408, 50
9 T1, T2, T3, T4 (CK), A4 SKEE,
2045, Tl: WL21 EEMWW; T2: HE R4 EEW
W; T3: L% R4 F1 L21 F WL HITR A HAE WM ; T4:
BeJCK (CK ).

b 18 AT AL S0 UL 6 T A A £ R R D Al
F, REHEEHEHMFTEFEREN, 10d /5L
KRR E S 17 eom, AE42 25 cm B94E 7L
B SRAMEM, BAMEA 400 mL BN AR, &
FiRERM IR, SRALE K, EENMER
bR, THEMEME . R 15 d D O
ZOfL. rrm AR L S EEEC. MR IR RS R E
S 7 2R 2R
1.7 EHREERELNEF 16S tDNA F555 47

V5 77 1 AR A5 1 TR bk R R 4 A AE LB [ A 85 %
I, 35°CHigR 24 hJa, MG (AZAYHTE L E F0)
A CHE LA RG S E T W) X R MR AT IE S 2% A
AR A TAY TR (1) ARRA R
0 ) & B AN T DNA, R U@ 519 27 F (5'-
3. AGTTTGATCMTGGCTCAG ) Fl11492R ( 5-3: GG
TTACCTTGTTACGACTT) i##47 PCR ¥, (24 TA:
TR (i) ABRAFRMT, RISEER 16S rDNA
FE3 . B T 51 78 GenBank F 4T blast [ 5 1 18
K, SRR R AR LR R P 5 MAGE-X )
AY4B3E7: ( Neighbor-joining method ) HJHE: R 4G L B .
1.8 HE|HMELE

K ] Excel 2010 F1 SPSS 25.0 X # # ¥E 4710 5 .
LIS a1 i

2 ZRE5pH

2.1 A EIEKEREB YR EE N E

210 R e BT R S T A ML [ A 5 O
e, BiFRSdIE, WA JCEWRE, SR mk
R, TEREATEAR b, Btk R24 AR ER (D) 5
WEkHRE (d) ZHEK, K (215 £013), BF
KT HAAHE (P<0.05),

212 ZEME  FEHRAERARE R DR FRSA)E,
W W T R A, S5 (B 1) RIRH
Btk R EE S (P<0.05), Hrb, R4tk
AR A AR, R 3720 mgL !, BEA TR

x1 ERERENBE DR
Table 1 Organic phosphate degrading ability of strains

ik WA EY AR
. Strain diameter/ Diameter of transparent D/d
Strains .
cm ring/cm

RS 0.35+0.05b 0.55+0.05 cd 1.58+0.09 b
R24 0.29£0.06 b 0.63£0.09 be 2.15+0.13 a
R29 0.33£0.05b 0.53+0.05d 1.62+0.11 b
R401 0.50+0.01a 0.77£0.05 a 1.53+£0.12b

S1 0.29£0.05b 0.49+0.05d 1.71£0.16 b

S4 0.37£0.03 b 0.54%0.03 cd 1.461£0.19b

S22 0.39+0.03 b 0.66+0.06 b 1.69+0.09 b
L21 0.49+0.11a 0.79+0.02 a 1.66+0.32 b

AFENG FRZORAFM B ZR R (P<0.05); FIH.
Different small letters indicate significant 0.05 among different materials. The

same as below.
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R5 R24 R29 R401 SI1 S4 S22 L21
[# I Strain

W

B R
Organic soluble phosphorus/(mg-L™")

(=)

NG F B R R AN R AR E 22 5 8.3 (P<0.05); T
Data with different lowercase letters indicate significant differences at
P<<0.05.The same as below.

1 ABHBEREERERSIEUANBSE
Fig. 1 Solubilized phosphorus in organophosphate-containing
liquid medium after 5 d culture in shaking-flask
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Table 2 Inorganic phosphate degrading ability of strains =
#HEE 9
Bk EAR YR ER 5 g 2
=
Sﬁj‘ij Strain Diameter transparent D/d ng —%i 6 |
diameter/cm ring/cm =5 \5
HE 2
RS 0.70+0.10 2 13240.18a 1.8940.15 be g2z 3
Q
<
R24 0.35£0.06 b 0.65£0.12b 1.88£0.39 be 0 . . . . . )
1 2 3 4 5 6
R29 0.29+£0.04 b 0.52£0.09b 1.82+0.16 be it ] Time/d
R401 0.79+0.07 a 1.19£0.06 a 1.5240.06 ¢ 12 -
b —0—R24 —+—L21
L21 0.33+£0.02b 0.67£0.04 b 2.01+£025a 27
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2 FHBEFEEREFSIRTRERSE

Fig.2 Solubilized phosphorus in inorganic phosphate-

containing liquid medium after 5 d culture in shaking-
flask

KT HABHRE R (P<0.05), 238 HHRIBAY RS H
PRATIPERS S it e/, 1.9 mgeL '
23 EBANBEFREPABRER S D BERBONS
Tt

FEA PSR LD, 2 R BE AN A B3R 6 d U,
R T VR TR M W R N R A R R I 0 0 P 43 0 n
Kl 3-a. b, BEERGFROTEAIIG I, BARE S
Rl s e R M R R R, iR 4dE, W
Bk R24 (1 2 P Ml 18 I 06 1k 2k B 0 KA $59R 5 d U,
BRI R L2110 T2 A Tl 19 ity 0% M 38 3 e KM T R R A
o, R24 J3 Wb IR Vi W T2 I 05 %k 1Y U T L21 i i
10.37%. R24 Fl L21 53 WARRH: W R 1 1) BE ) S 7 K5 5%
55 5 RIS RIR M, Hr R24 HoL21 & i 72.58%.
D e W B R ) pHAE & B, Wik 3R, Hk
T 1Y) pH (B AR T 25 FT AR B, R24 1Y pH Ik T L21
(18 3-c). ULHILEA MLBERE -3, Hikk R24 201
T2 e Tl 2 ol RN M A TR TR M 2 0 T L21, AR
OYFEXMEE A PLEE, ULEE RS 2.1 IR R A L
whRe i — 3.

174 pH
Culture medium pH
N

1 2 3 4 5 6
IR 5] Time/d

ar PRVEBRRREE G I be Bl 0k R PR O 1

pH B &34k .

a: Acid phosphatase activity; b: Alkaline phosphatase activity; c:

c: AT ML IE IR

Dynamic pH changes in organophosphate culture medium.
3 RMEREBNBEFES O BREREEENT TN
Fig. 3 Dynamic changes on phosphatase secretion of two strains
in organophosphate medium
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AR, 2R R 6d)E, &
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PG R SE TS R . R24 43 W5 IR PE 0 R
TEPEFESE 250 4 REFIABIRRME, 1M L21 7E855% 5d
Ik B de RAE L L2109 TR e B TR 16 3% M e M L
R24 =t 27.30%; R24 43 W6 B 1 Wl 1 il 375 2 A 855 7
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I OMEMEETETCHLEE , DRSS 2.2 WK R AR I 17 T
ﬁgfn- BB E 1 A TR
§§%9- 2.5 FEIRBERCENTERRZ RSN
ﬁgg 6 MFE3ATH, fER IR 60d)5, T1. T2 Al T3 4b
#2z 3| R MRS . ZEA . A BESORI RS K T
" B CK. o, BREsAAMEERCS CK AT B K (P<
b2 W%m; > 0.05). T1. T2 1 T3 Ab B 6F 5 11 i 1 - A K 58 0
AN, 5 CKAM L ARIBE B EKFE (P>0.05), 7EH;
WJZ% R —o1o] 7230 d )5, BN A0 ER R AN Sk B KM,
%géq- T1. T2 A1 T34b 3 4% 5 b CK K4 19.74% . 12.85%.
§§%6_ 7.98%. MZAEHFE 60d 5, T1. T2 Ml T3 ZbPEX)E
ﬁE% B ERET A —ENREER (K5),
%%% 3r 2.6 RMEMREIEENS 16SDNA £ E
0 261 mEey AR ALK R WK 6 IR, R24HEE

Iif ] Time/d
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!
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a: Acid phosphatase activity; b: Alkaline phosphatase activity; c:

Dynamic pH changes in inorganic phosphate culture medium.
4 BFHERETIBE TR SRR RSN
Fig.4 Dynamic changes on phosphatase secretion of two strains
in inorganic phosphate medium

(1 4-c). BEHATETCHLBESS TR A, L21 73 WA iR
PR R R PE  FR B L e T R24, AR TR Ak

BB, WS, [, REEESDIE; L21 #&% R
B, MR, A6, R TE, R4M
L21 Fi 22 QYL a4 S B . TPk R24. L21 myAE 34k
R e 25 03R4, FERTINE i AR B AE fbds bnr, TR
Pk R24 (0 Y JLL00 . VEM K AR . R R 18 S B
P, HACHBRM:; E Rk L21 Mg Rk a6 o B 1
HA B

262 mEALSTER  XEKIETT 16S IDNA EH
Bty 3, 5 PCR P4l 745 4242 GenBank 57514
IR = R R IEA T ELXT, MR RGEREW (E 7).
SR WOR . 2 BRA R ) R FFALFT R B (Bacillus. ) o
Hr, Btk R24 5 Bacillus pumilus (%55 . NBRC
12092) &b T RGELEWMIE 533, [FHETE 99%, %
ERNE /N s W HR L21 5 Bacillus velezensis
(B SRS . MK092676.1) 4bF R G: Kk & W Y[R — 43
3, [AETE 100%, %5 S USRI 2 F AT 7 .

®3 TRALETERBARZMEK

Table 3 Agronomic traits of potted plants after treatments

I j) st 7Nt E-Y il 7 BE L RTPA IR FA X
Time/d Treatment Plant height/cm Stem diameter/mm Tillers number//}™ Blades number/ F Leaf area/m’ SPAD
T1 38.80t3.49a 5.34£0.09 a 0.00£0.00 4.40+0.55a 0.29+0.03 a 19.45+0.85 ab
T2 37.00t2.12a 4.72+0.23 be 0.00£0.00 4.0010.00 a 0.28+0.05a 21.14%t1.37a
N T3 39.40+2.07a 5.05+0.20 ab 0.00£0.00 440+0.55a 0.25+0.04 a 20.17%1.64 ab
CK 36.80t3.96a 4.66+0.45c 0.00£0.00 420+045a 0.25+0.06 a 18.12+1.83 b
T1 52.00t7.18 a 6.941+0.27 a 1.60+£0.89 a 520+045a 0.561£0.06 a 23.11%+1.72a
T2 42.00£3.54b 7.07£0.36 a 1.40+0.89 a 540+0.55a 0.47£0.09 ab 21.78£1.69 ab
30 T3 46.601+6.31 ab 6.82+0.54a 1.40+0.55a 540+0.55a 0.54+0.09 a 20.84+1.62 be
CK 40.80£7.05b 5.87£0.19b 0.60+0.55a 520+045a 0.40+0.06 b 19.30£0.49 ¢
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podllnt
I i) s e e Sr8E i TR AN B B
Time/d Treatment Plant height/cm Stem diameter/mm Tillers number//> Blades number/ Leaf area/m” SPAD
T1 55.80+4.21a 891+042a 220+045a 6.00+0.00 a 0.79+0.06 a 22.79+0.78 a
T2 51.00+4.30a 8.56+0.3a 220+045a 5.60+0.55a 0.70£0.09 b 20.38+091b
45
T3 52.80+9.73 a 7.21+£0.36b 1.80+1.10 ab 5.60+0.55a 0.7410.04 ab 18.90+0.48 ¢
CK 54.40+2.88a 6.76+0.35b 1.00+0.71b 5.40%055a 0.61+0.02 ¢ 16.90+1.16 d
T1 70.80+4.32a 9.04+034a 2.2010.45 ab 6.20+045a 0.92+0.04 a 18.42+0.92a
T2 67.20+4.44 a 8.68+0.19a 2.40+0.55a 6.00+0.00 a 0.77£0.06 b 18.70+1.01a
60
T3 66.00+4.30 a 7.70+0.12b 1.80+1.10 ab 580+045a 0.89+0.07 a 15.67£1.21b
CK 58.00+2.55b 7.24+0.62 b 1.20+0.84 b 6.00+0.00 a 0.601+0.08 ¢ 16.284+2.450b

B5 TRLETEXNEKER

Fig. 5 Growth phenotype of coix seedlings after treatments

E 6 B R24, L21 WETERS
Fig. 6 Colony morphology of R24 and L21

R4 EHREBEELSEY

Table 4 Physiological and biochemical characteristics of strains

Btk Strains

RIS TEAR Test index

R24 L21
22 [KY4tt Gram stain ¥ +
V-Pik5: V-P test + +
FHIEAT 50 Methyl red test - +
VEM K RIS Starch hydrolysis test - +
M5] AR 36 Indole test + +
FrE MR Citrate test + _
Wiz ik Gelatin liquefaction + +
TR £51X 56 Nitrate reduction test - +

+: PEME; - B

+: Positive; —: Negative.

3 dkhs

i ol T 2 — S R A A 1 A XV T B Ak
AT LA ) W SR T A RT  E E A RR R, T
Fo NN Sty FE T . BETEN
AR DA 5% 3 B HEAT N 2R TR A 0 B 2 K ) e Y AR
5o ARG 3 2 S B 2 A I O a0k 15 0 I A DL
YT 8 Bk, W h s AP R AT RS, R24, R29,
R401, 70 AR EIZEFFAY ST, S4, S22, AN
A A9 L21, 1 R5. R24., R29, R401 i1 L21 [A]if B
HEMIHBEIRE . X5 D3 s I AR bR
H o B A SV A O AL TR PR 42 MR N A AT BILA TR P
33 BRAESCEE A T 2ERE, 58 H R AT g2 AN [R] 4 A
Y. B RR RO R

ABEFE T, 4B HE PR R B R24 XA HLEE 1)
VSRR EE IR, 3720 mg L, ARES T AR
L21 X TCHLUB A3 B8 J1 e, 9 62.93 mg-L ' %k
S 4 U R e 4 S A5 B i 9 B B DS 0
o AL, R24 TR A HLIERE 37k vh o3 1 W R it 1Y) fiE
Ty d TR B A R A e e G TS 0 )k
9.64 pg-(mL-h) " H19.63 pg-(mL-h)'; L21 £ LHLBE S
F5 3 v oy WA TR G 1) BE ) Fe iR, TR R R R N VS M A
B P Bl TR 0 355 P 43 35 #) 11.47 pgr(mL-h) ', 10.69
wg-(mL-h) o ¥ B A AR 4R GV TEHLRE A HLIE I i
JIE A, 3R] RS R ok AR S W0 O B R 1 . A
i Tt 5 R A T, T I T b A B R D B R S
Bk A SRR Z A XD AR EATI

WA A K R B A B MR E
M, TEATIE R, B LIERE, SR,
TR R BB CK B 22.07%, 25 K148 i 24.86%,
W T ARG N 53.33%, 4> BERCIE N 83.33%. £ L21 Al
R24 b3, UM RIE 1 H CKILE| B E K (P<
0.05), 43 3% CK ¥4 89.52% . 63.76%. L21 il R24
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L21
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