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N23fF i 14 2 0 7 T RE A8 A A B 7 S [ VR 0 o i Tt 94 50 A% AR A0 0 1 A R R i) =
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ABFSEH PGPRIA R 5 510 & i AL B AHSS &
it RE % A SCIE #E PG PR RE 76 1E 9y v 401 i MR B
B, MR R A A DO RE Y K 4%, BG5R T & R Y
i, fEEBHEEEY R R, PR A R
PGP R P A 5 R0 FH 4 7 i LI, o AR
o A 1 e A ES A A

1 MRS Ik

L1 I A

FH T TR MR 20 5 0 R AR R R 28 B T g i AE
FERFEE BT R AL T R R A e B 2R
HorRuhd ; BV Ry RAE-424” 5 BN
il HE1S T 5 B A Y “LLEMRT 5
A AP LD RN o R E R R B T
SeOR I T REA R AL B34 ¢ kg, AL
Jfi227.8 g kg™', FHIKE<50%, pH 6.96, HFF
(EC) 1.94mS em™
1.2 REREAEEMEFIE

S BT
1.3 BE#HFTBIMRZER (TAA) FAFENH,EE 7RI E

P TAABE /1 2 B Glickmann Al Dessaux
(7 AE

TR 7 NHLBE 7 BN = 53 0K Ao 00 BT ok 4 e
THERABKRZRE IS, 30°CH 7224 h, DIAHEF
A F RS IR B E X B FERE RPN AL ~ 5
T AN QAR BB (0 B £ (5 00 WU T S
AL BE 75 B0 A 94 [R5 5 J0 vt sRR 41 A 0T
JEHBL
1.4 BEHRFEIRE BN E

K FHAP RO IR B FR vk, 43 il e o A 6 Bl )T L
5 IN LA R ( Fusarium oxysporum f. sp. niveum,
FON ) FfmnRls /R G ( Ralstonia solanacearum,
RS) AHEHIIIREM bR . FF Ik I (FON)
R ZEPDB ( Potato dextrose brothZh 8 2 4= R 17 3%
Fedk) EI0N)28C FHZET A, HEANS mm
AT FL AR TE VR L U B, i T8 ) PDB F
M ge s FEAEH R B3 emih s B9 0 L TR Bk, A
WhHARE R, SRIGIA28°C HIRFA H R, 3 d
o, KA T, I D R R A D
(AR E P00 ) o R Bl 0 8 11 PR 4 T NA
( Nutrient agar# 3 ) Wikt b, BEErhEE

30°CHEFR12 hy ¥Rk RICE (RS) R TNA
Wik g R, 30°C, 170 + min ' 5EZ %18 h, #Hk
X B ) B (ODg=1.0) , K5 B2 WA AT
BRI Y, D TR IR 34 50 34 o b %2 s O 4% T A
INAEAR b RARFRE3IRER, SRIFHRA30CH
AT RRE SR, L d 5, KA SIER, Jf
A R R KN (BB E R FHH) .
1.5 HYEEERMAS

YRR R 2 PDBRE SR I h R A =, Sl
J9: pH 7.0, IREE30°C, 170 r min E, KEEH
JE B LA, TR IR] A48 ho K54S AR IS0 ml
KRR MZEL kgt @ EH &R, WEHA.
1.6 NEFERRE
1.6.1 A9 3 Jo6F V JI0 7 1 50 AL T
20134F7 H —10 7 78 st All K 2= il %= k17 .
KPR AFIsfE R M2, R E AT,
FAFERANEE . F R : AR E
5% (PRFUFRE L, TR ) N23H bk & B &
AT s 6 LR RN A S K 15 E I
(CK1) ; XJHE2AEINAE R R L A PDBES 5%
B (CK2) . 30 dJFBUEBREE S, 4351
FEMRET . ZEHL. MRS R AT SR E(E (SPAD)
b m AL, B ETIR, h E iR
1~ 503,
1.6.2 AW HALEY & B AR ENEY
55 F 2014457 H — 8 H 78 ik % 56 K inT Jk i A Ak 2 )
S5 A N1 0 B s 1 s 0 NI = S T
TR, BEOE TR, SAEY K
PR 1) A EEFEEREN (CK)
2) {HFHA NI e T MEN23 & I 4 A= i 5 T 3 1
(N23) , FAFEEINER (HEZRHT721L
WA W72 ) o 30 dJFHBUEAREEA, 4350000 5 R
L SRR B b b e N
1.7 BFRAE

W A W i o LA R 5 3 5 I BT P IR 4l
201446 71 —9 H 7e il 2= N #1702 Rl e . 3t
B2 1) T ERYE (CK) 5 2) &
N23 P&k & B I A W R BT B A i . b P64
i, RIS kg, FFUINS g kg Y 3E X9 3
AL S EPEAIME IR, UK 34— A Rl i B2
H, T40 diFIE AAL Y R . ZEHFISPADTE .
1.8 HIERE

1.8.1 VUJRSEE AW R T A U M
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1.8.2 HAW/EYSLE  AEWE WA T E AL
VR Fh vy F ) 3 7= 5k S JR) 356 T 20 144E8 H —11
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Wa o, AR/ EE 25 (LSD) #H17
ZEWE (p<0.05) , RHATKEE: (Student’s t
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(5 HIENN) Hh84bk, EHEILF6PREEDE ™ 4 1AA
AR, PRI NH RS PUARR 00, 60K B 43 il
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WEMW, G36. G35, GSHGIXFH sk J] 1# KB
FiR G Y TCHEPEA,, Hh G636/ NHL M EE IR
TG3, G35HMG8ICH] ™ NH,88 /15 N23FIN14PH
PR B A e PR TAA R = NHL O RE J1, BT 4
e ) A RE ST R G A HEBUEH L i e
K/NAT DU HN23 I Bl R i o) TN14, T
I, BB G T RE R B AR N2 34 18 O A 7 ik —
BE5E, k1.
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Table 1 Plant growth-promoting and antagonistic characteristics of the strains of bacteria out of the first screening

IR (D/d) * * Inhibition zone

TR 25 e TAA
Strain code NH; production  IAA production (mg L™") AR SRR
Fusarium oxysporum {. sp. niveum Ralstonia solanacearum
G36 ++ 12.15+0.13e — —
G35 - 11.28 £ 0.07f — —
G8 - 20.41 +0.24d — —
G3 + 21.31+0.18¢ — —
N23 +++ 27.84 +0.15a 4.76 +0.34a 3.23 £0.45a
N14 +++ 24.32+0.11b 1.05 £ 0.66b 1.54 £ 0.98b
TE: 1) o N S B 47 MRy iR B S ORIEEIEA) 5 2) « RPEERR T ME « bRERw 2 W8T R A
PR BEZESR (p<0.05) 5 3) : D: MEEER, d: BEER; 4) 0 =7 FORARWMBLZIIEAR Note: 1) @ from
“+++7 to “+” : ammonia production abilities from strong to weak (according to the color variation ) ; 2) : values are means =

standard deviation; different letters in one column represent significant differences (p<0.05); 3):D: Inhibitory zone diameters,

«“

d: colony diameters; 4 ) . —" no corresponding indexes were observed

N14 . G36 A N3 ek
w\v w A‘Mv,

e WA W™ RGeS BB BRSO /R IV BE 15 1B1C: WARKS IR IIINEE )y s KD W™ IAABESS Note: A:
Ammonia production abilities of different strains; B: Abilities of different strains to suppress Ralstonia solanacearum; C: Abilities of
different strains to suppress Fusarium oxysporum {. sp. niveum of different strains; D: IAA-like auxins production abilities of different
strains
BT B oy e bR i D eIk

Fig.1 Functions of the isolated bacteria
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®2 UEHRNZIADIGEERMEMERMALREENR

Table 2 Effects of inoculation of nursery substance with Strain N23 on watermelon seedling growth

b5 i =i IR mgmaw s
Treatments Plant height Stem diameter Leaf area L ESPAD Leaf number
(em) (mm) (em®)
v CK1 9.63 +0.79h 2.10 £0.03b 10.83 +0.93¢ 55.85+1.57a —
Experiment 1 CK2 10.04 + 0.94b 2.31£0.16a 12.95 £0.79h 55.88 + 1.78a
N23 12.61 £0.37a 2.28 +0.09a 15.95 + 1.02a 56.46 + 1.53a
502 CK1 8.51+1.22b 2.38+0.11b 8.71 + 1.09h 58.43 +0.32a 2
Experiment 2 CK2 8.93 + 0.69h 2.48+0.17a 13.67 + 1.75b 46.23 + 0.86¢ 3
N23 11.05 +0.88a 2.78 £0.15a 17.5+1.97a 56.97 +0.70b 3
K3 CK1 9.18 +0.37¢ 2.64+0.21b 7.82 % 1.59h 53.33 +0.76a —
Experiment 3 CK2 10.08 = 0.38h 2.82+0.03b 10.51 £ 0.46a 53.17 £0.67a
N23 10.77 + 0.28a 3.57 £0.10a 12.32 +1.97a 53.30 + 0.35a

TE e S 1 ~ R348 AL WL T X PN E i AR A = 0O SRS . CKL: KX I CK2: RIER S HEFRIEX G N23: i
IR R N2 3B ) B A R S TAR HT . R P A RN I = R R 22 . BF R AR FRER SRR BE M E R (p<0.05)
Note: Experiments 1 to 3 means three times seedlings growing experiments of watermelon in sequence. CK1: Seedling substrate
inoculated with water; CK2: Seedling substrate inoculated with PDA medium; N23: Seedling substrate inoculated with Strain N23.

Values are means + standard deviation. Different letters in the same column represent significant differences (p<0.05)

R3 LUERN2IATNGEEMENEREL . REMEMAEERR

Table 3 Effects of inoculation of nursery substance with strain N23 on seedlings growth of different crops

PN eyl
1EW Qb %
Plant height Stem diameter
Crop Treatment Leaf number
(em) (mm)
F )N CK 27.60 +1.14 4.44 +£0.22 34.06 £6.12
Cucumber N23 34.60 £2.07* 4.65+0.23 40.84 + 5.86*
B CK 13.08 £ 0.43 1.76 + 0.05 12.96 + 1.68
Pepper N23 16.10 £ 0.84* 2.06 +£0.10%* 17.49 + 0.80%
EsSin CK 17.56 £ 0.75 2.52+0.15 —
Tomato N23 22.98 + 1.37* 3.18 £0.15% —

e CK: MW F w S R RO R R M « bR m 22 . *FRoR B EMER (T-test, p<0.05) . FIA] Note: CK: Ordinary

nursery substrate. Values are means #+ standard deviation. * represent significant difference ( T—test, p <0.05) . The same bhelow

R4 EYERMEBERMEANMEZRERYLR

Table 4 Growth characters of watermelon seedlings transplanted from bio-nursery substrate and ordinary nursery substrate after

transplanting in the pots

P E il AR . "
oh 7 , . o SEZEANRE & R o H R
Plant height Stem diameter Leaf area
Treatment 5 H{HSPAD Leaf number
(em) (mm) (em”)

Hi—F CK 85.77 +5.21 4.44 +0.02 71.64 +5.28 38.14 + 0.40% 15.67 £ 1.15
The first season N23 116.8 £5.08%* 5.54 £0.05%* 81.05+1.57* 36.07 = 1.89 20.67 £ 1.15%
B2 CK 71.68 +2.28 3.07+0.13 31.69 +1.22 41.47 £0.76 16.42 £ 1.00
The second season N23 84.47 +2.84%* 3.43 +0.23% 36.68 +2.88%* 41.27 £2.40 21.33 £3.21*%

http: //pedologica. issas. ac. cn
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24 BEMN2ZZEYERMEMENBREEKYER

ATl F A M (CK) , o
LI 68 W N2 300 8 1 2B W) B R BT iR R RS AR
Jo . PRV JIC I ] 45 5 bk = R 250 34 2 00 T X
W P =G N H (B 3G 7 8O — B, B3, &Y
SLFRFTE AL B (N23) (7P Al S R T
FhEf AL FE (CK ) H7=2012.4% 5 2 — Z= |6 5= 24
25.4%, MRS,

T @ F WA E M (CK) , n
e W R A Y B AR A (N23)
Fomii . A BN =AW R E RS . EEY
PR S ERe R W AE R LS (R6) 5 722
Zg b, BTN 710 kg hm™2, BRHUS RN
23 816 kg hm™ , #5431 283 kg hm™, #
i T A A R, TR U
FEE 4338 7760% . 25%F118%

RS HEYERMEEERMNEANMEHEERGLR

Table 5 Growth characters of watermelon seedlings transplanted from bio-nursery substrate and ordinary nursery substrate after

transplanting in the field

50 . 4 it
Treatment Plant height (¢m) Stem diameter ( mm RS RESPAD Yield (kghm™)
B CK 100.7 £ 12.28 5.97+0.13 44.38 +1.86 14 831+1 819
The first season N23 127.6 £ 7.44% 6.54 +0.23* 44.64 + 1.64 16 675 +778*
2 CK 289.1 +42.28 6.12+0.13 44.49 +1.76 28 156 +3 048
The second season N23 312.2 +£23.19* 7.02 £ 0.23* 45.26 £2.45 35322 +2271%

*6 EMERMELEERAEAEN. BREANEMMEEEERYER

Table 6 Growth of tomato, pepper and cucumber seedlings transplated from bio-nursery substrate and ordinary nursery

substrate in the field

=27 4k 35 B ZEH ok
Crops Treatment Plant height (cm ) Stem diameter ( mm ) Yield (kg hm™)
#HIN CK 61.25+£2.38 5.80+0.31 26 439 + 528
Cucumber N23 75.92 +3.37* 6.13 +0.32% 31 283 +442*
Bt CK 13.25+£1.29 2.78 +0.30 18947 +1 179
Pepper N23 18.67 +2.16%* 3.47 +0.36% 23 816 + 865*
Sl CK 27.75 £ 2.30 4.49+0.43 6 045 £491
Tomato N23 36.42 + 3.29% 5.21+0.18* 9 710 + 686*

2.5 EMN2IEEAFATEREAR
HWHEN23FELB ( Luria-Bertanidi 55 3L ) F
M b WE R A6, SR, hgEAESF, A
AR, Sk, 2RO MM, wW
WE YL, EFAR, Pimai-F, 28 nE
Mo FEM KM . V.PEW ( Voges-Proskauer
reaction ) . NS SR I FY B IR #h BN
SR ERIE I . A B AR Wl SR AL . Y SR 2 e ) DA
LW e WA 52 B 27 52 BRI s D-SRME . 2R R
BATRLAFURE  ACKEAELBE R 2 S R R M4
B BRA R, REFM T ALK 7%NaCls;
FEAM T AR, BERE 2R 4 . F N2 3 T8 Bk 1Y

16S rDNAFFI (B35 HKP403800) itk &
W2~ , SN A5 Bacillus vallismortis
DSM11031" ( ABO21198 ) #HMITEAE99% L . 45
B HERTESRRIE . BLFRAE 454 16S tDNAJF
GNAYHT, K B RN 234 25 55 2 o 2F AT 12 400 7

3.1 ZINXPGPREYIRTE

A S 1 56 DT AR BR AR 2R 07 8 ) 64K P 1A A
AR, o — 20 & 0 1 2 A 77 NH L RE 7 40k T Ak
G36. G3. N23MIN14, f/q il X476 8k JJ 5 A
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JJ_,— Bacillus subtilis DSM10T (AJ276351)
| Bacillus mojavensis IFO15718" (AB021191)

66

58

N23 (KP657657)

Bacillus vallismortis DSM11031" (AB021198)

Bacillus subtilis NRRLB-23049" (AF074970)
Bacillus tequilensis ATCC14580" (CP000002)

50

0.0005

Bacillus atrophaeus JCM9070" (AB021181)

— Bacillus methylotrophicus CBMB205" (EU194897)
79 L Bacillus amyloliquefaciens NBRC 15535" (AB255669)

F2 HREN23M ARG kT

Fig. 2 Phylogenetic tree of strain N23

AR 97 R R T A5 Bl 4015 2 oA 52 & DR r A
Prfe A RHEN23 . BT, ©A KECTHEYARPRE
AT (PGPR) A HEAH ) A K 7 425 445 9 3 (1 4
T B R AR P R AR B AE 7 A — S A )
PRAYTT, Wmmbk LR (TAA) | FRERMEKRE
SERPERKIE ", W Cattelan® 0B & B
FERP PP TA AR A2 A AT DUAE 1 K 2 1l B3 SR &R 11
Ay KumarAfll Singh 2 P2 AR R
BB, Ry AR Y A K EE AN T
—o B, AW SR PP TA A R 2 fE ) ) 7 2
PEAERE T TS TEAR PRAN T, 20k, 1 Se R
FEVERAE (AR A R R . PGPREE KR 14 B 9 21 fig 32 B4k
B LA 0 AL R s A K o P
I, A SR 3 A N TR R T 15 it i S P A R DL
FE—— R 0 RS Y AE ) AT
S, R ERAE, RS - EA 2RIk
MIANER , T o) B AR AN BE S P VR AR
[Fi] iR 5 A By 428 B0t e S A% 3 19 RE ) o
32 AYEEERMEAYRS ATREREMNIE

T B8 B RR N2 3 L 375 VS o 22 38 58 7 i 5 S5 v Ao
B A E BT, fE3RE B T A AR R
A XTI L R R A 2 T T
PR A 2E ik B e AR OR — 3. R PGPR Y
30 T AL I G W R AR ) R S BB A AL
PEFERTE R AR HETRE A CPGPRAYHT
GEI IR BN I 2 AE YR bR SO0 R A M0 ML 1
524 R TR AR R AR K T AT
JERIWTGE, ARSI & T B iy PGPRA AL,
B A PGPR A 70 S 10T S 8%

IR AR IR 25 R R, VO N B AR S 1 bk
L M RLEC AR A K AR bR Y B R R A
H(CK) o HAEWRRTEME (N23) BAKR
FREe b, PEIR . BR . BRI i U A Ve i 2R
K AE BRI a0 1 G2 L T 8 F AL T B R A
F(CK) o T 7040 H e g6 34 R 0E T 1E Y 4
KR EIFRa R, Bk, AbB AR A Do 8 i
PGPRE 5. B AH KEPGPRIEMEAYAF I LM,
ZRMEWRE A SR B R R L 1 T
XSGRV L —8 . HEERRE AR, &
R PCPR S 38 & i 5L BT BC 5 8 UAE ) & i 2
i, BT, PCPREAFRENRENS 72 1 W2 5 T
YEI AR b, T2 M85 Be g F — 20 & e A= 1)
s o — i, AT T O e I I 0 AR A R
JREA A SR A A T, I 00 AR AR
) 2 A R R g A A R W R 2 — o IRk,
AYE L RRE S et T B T, R E
IR TET W e s, JEMT P E B RIVE T, (e dEFp
RS 5 FH () A 7= o IR, A SO BE 19 ) B A ik
B E AT B AN ( Bacillus sp.) , H 550
B ZEMUAT IR . e == 2R TR IR B 2F AT 11 1 [7)
PRPERT, AR LSRG 43 28 HA 3 75 26 LLR I T
Ve it — 251 .

4 %5 ©
A 5T 43 8 0 e AR A AR [R) isf AT P2 TAAFINH,

AETT, BEXF A5 ) T SO iRk 57 7K ER TR AT 5 4704
FHEABE T B BOPGPREE MR o Ky HLOR T A5 in 2= 3% 3

http: //pedologica. issas. ac. cn



710 R - 54 %
E"Jﬁ_ﬁj%ﬁ*ﬁﬁﬁﬁﬂ%u;ﬁXj‘{/E%ﬁﬂ;ﬁiKEﬁ{Eﬁ{/ﬁ of plant growth promoting rhizobacteria ( PGPR) :
i E@%% ﬁ):rrT , f &»\ﬁﬁilﬁg{\qj 5%@ A review (In Chinese ) . Chinese Journal of Applied
5 Ecology, 2010, 21 (1) : 232—238
LA FE (CK ) AH L3S i pk N2 3 4 A= 4 B o b e g{:)]()gy A bR
. 8 AN K5 7N A& JH He
HO(ON23) , ZUEYEBIE KIS RN T E s
A Uit 52 v W A 01 3 rmzwjz"”%& 2014, 37
MR AR PREFHRE 15 BoaRJn , ol ad ol & (2) . 79—84
EEIrﬂiﬁgﬁiﬁiﬁﬁﬁﬁz%%}ﬁ%ﬁﬁ%‘E*Zﬁ}a/ﬂ\:** Zhang X L, Wei Z, Mei X L, et al. A method for
%\ %*ﬂ$nm"ﬂliz%i@/ﬁ<ﬁ;ﬁ%ﬁ:%o %E, screening phosphate solubilizing bacteria based on
ﬂ:/;‘jlg\ ﬁz}iﬂzﬂsf}‘%?ﬁﬁ]6s rDNA %?ﬁuﬁ*ﬁ, %}] the rhizosphere colonization ability of strains (In
ﬂ;%g %H&NZ?)?{]%@H%E?H}% ( Bacillus sp. ) . Chinese ) . Journal of Nanjing Agricultural University,
2014, 37 (2) : 79—84
S % x [0 ] lve, MMM, SR, 45 MR bR AN B A TR
PEAGEAEBOR. P SRR, 2013 (6) @ 88—92
[1] Adesemoye A O, Torbert H A, Kloepper J] W. Enhanced LinJ Y, Cui S S, Han G M, et al. Physiological
plant nutrient use efficiency with PGPR and AME in activity and promoting effects of rhizobacteria on cotton
an integrated nutrient management system. Canadian (In Chinese ) . Soil and Fertilizer Sciences in China
Journal of Microbiology, 2008, 54 (10) : 876—886 2013 (6) : 88—92
[2] Lee S W, Lee S H, Balaraju K, et al. Growth [10] 2820, WikEE S T M B Wi o A, B
promotion and induced disease suppression of four 2015 (6) : 15
vegetable crops by a selected plant growth-promoting Li H. Introduction to vegetable factory seedling
rhizobacteria ( PGPR ) strain Bacillus subtilis 21-1 production technology (In Chinese ) . Modernizing
under two different soil conditions. Acta Physiologiae Agriculture, 2015 (6) : 15
Plantarum, 2014, 36 (6) : 1353—1362 [11] Chaney R L, Munns J B, Cathey H M. Effectiveness of
22 — Ay
L3 ] W%, B, MEWAE, S5 APV PR A T 5 i digested sewage sludge compost in supplying nutrients
== B
HOE. YL, 2010, 50 (7) : 853—861 for soilless potting media. Journal of the American
Kang Y I, Cheng J, Mei L J, et al. Screening and Society for Horticultural Science, 1980, 105 (4) :
identification of plant growth-promoting rhizobacteria 485—492
(In Chinese ) . Acta Microbiologica Sinica, 2010, 50 [12]  Bdm. CFEME. BOTE. 2 BRI A 14 B 0
(7): 85386l i BT RO MR ALK R 2015,
[4] ﬁﬂﬂ:% 4? 7’7'( E&}ﬁ%ﬁ' iﬁ. ’{E%ﬂiﬁﬂ:{ﬁq:% 38(6): 950—957
(PGPR) (5 BIHTRTS. N A4, 2004, Zhang Y, Wen C Y, Zhao M Q, et al. Isolation of
15 (10) : 1963—1966 plant growth promoting rhizobacteria from pepper and
HuJ C, Xue D L, Ma C X, et al. Research advances development of bio—nursery substrates (In Chinese ) .
in plant growth promoting rhizobacteria and its Journal of Nanjing Agricultural University, 2015, 38
application prospects (In Chinese ) . Chinese Journal of (6) : 950—957
Applied Ecology, 2004, 15 (10) : 1963—1966 [13] Glickmann E, Dessaux Y. A critical examination of
[ 5] Schippers B, Bakker AW, Bakker P A H M. Interactions the specificity of the salkowski reagent for indolic
of deleterious and beneficial rhizosphere microorganisms compounds produced by phytopathogenic bacteria.
and the effect of cropping practices. Annual Review of Applied and environmental microbiology, 1995, 61
Phytopathology, 2003, 25 (1) : 339—358 (2) . 793—796
L6 ] o, B8R, BTAR, F —HRIETAENSE . BE [14] Dye D W. The inadequacy of the usual determinative
B tE ey, 14, 2010, 42 (1) : 117—122 tests for identification of Xanthomonas spp. New Zealand
Sun S, Huang X, Fan N J, et al. Studies on Journal of Science, 1962 (5) : 393—416
phosphorus solubilizing activity of a strain isolated [15]  FI54F, FpiH, SPIFUE, 2 TR 25 L Bl i i i

from corp rhizosphere (In Chinese ) . Soils, 2010, 42
(1) : 117—122
FEMGZE, FEil, M,
WL, W HIAEZS 24
Kang Y J,

S5 YRR RO BRI L]
2010, 21 (1) : 232—238

Cheng J, Mei L], etal. Action mechanisms

Pe U M AE YRR B A K24, 2013, 36
(1) : 40—46
Wei Q J,

and identification of antagonistic Bacillus vallismortis

Zheng X Y, Deng K Y, et al. Screening

B against cucumber Fusarium wilt and its biological

http: //pedologica. issas. ac. cn



3 1

K B PETARPRIEA:TH

i M A

B30 711

[16]

[17]

[18]

[19]

[20]

[21]

[22]

effect (In Chinese ) . Journal of Nanjing Agricultural
University, 2013, 36 (1) : 40—46

A5, PR, BREE, S BRAIEA AR PR AR AR TR 4 07t
S BCHAR YRR IS RS SR A ISR, 2012, 28
(4) : 416—421

LiY, YuL, Li HX, etal. Isolation identification and

characteristics of a peanut growth-promoting strain of

Rhizobacteria (In Chinese ) . Journal of Ecology and

2012, 28 (4) : 416—421
Xue Q Y, Chen Y, Li S M, et al. Evaluation of the

Rural Environment,

strains of Acinetobacter and Enterobacter as potential
biocontrol agents against Ralstonia wilt of tomato.
2009, 48 (3) : 252—258

Chen D, Li C Y, et al.

Biological Control,
Zhou T T, Isolation and
characterization of Pseudomonas brassicacearum J12
as an antagonist against Ralstonia solanacearum and
identification of its antimicrobial components. Microbial
Research, 2012, 167 (7) : 388—394

PRIGE . BVL, TEDUN, 5%, AEYA HLIEXT G A R AR
s T i s T R 2 AT B 8 A e i ol R
FER, 2012, 35 (1) @ 75—79

Chen Q L, Hu J, Wang H C, et al. Effects of bio-
organic fertilizer application on population of Ralstonia
solanacearum and Brevibacillus brevis in tobacco
rhizosphere (In Chinese ) . Journal of Nanjing
Agricultural University, 2012, 35 (1) : 75—79
Cattelan A J, Hartel P G, Fuhrmann J J. Screening
for plant growth - promoting rhizobacteria to promote
early soybean growth. Soil Science Society of America
Journal, 1999, 63 (6) : 1670—1680

Kumar V, Singh K P. Enriching vermicompost by
nitrogen fixing and phosphate solubilizing bacteria.
76 (2) : 173—175
WRE g8, ARgmg, TE%;{% .G S H O E AR
PEMY 4B i P A AP LR, 2015, 52
(1) : 162—173

Bioresource Technology, 2001,

[23]

[24]

[25]

[26]

[27]

Chen Y T, Lin W P, Fan X Y, et al. Soil quantitative
proteomic analysis of silicon-mediated resistance
of tomato ( Solanum lycopersicum ) to Ralstonia
solanacearum (In Chinese )
2015, 52 (1) : 162—173
SRR, ARG, CER, G PR EIRER A B IR U
TR AW, 2011, 37 (4) : 27—32

Wu X H, LuZJ, Wang P P, et al. Current advances

. Acta Pedologica Sinica,

in integrated management of watermelon Fusarium wilt

(In Chinese ) . Plant Protection, 2011, 37 (4) :
27—32
LTI, FREW, EE K, SRS AR A A

HUAE 9 BIF ) B AR B ORI 9. B354, 2010, 47
(4) : 798—801

Li HL, Guo X L, Li Q F, et al. Tobacco wilt
suppressing bio-manure and its bio-control effect (In
Chinese ) . Acta Pedologica Sinica, 2010, 47 (4) .
798—801

Wang B B, Shen Z Z, Zhang F G, et al. Bacillus
amyloliquefaciens strain W19 can promote growth and
yield and suppress Fusarium wilt in banana under
greenhouse and field conditions. Pedosphere, 2016, 26
(5): 733—744

Hu H Q, Li X S, He H, et al. Characterization of an
antimicrobial material from a newly isolated Bacillus

amyloliquefaciens from mangrove for biocontrol of

Capsicum bacterial wilt. Biological Control, 2010, 54
(3) : 359—365
PUF, ml, B, . 8t A YA PLUIE IR &

wﬁﬁﬁﬁf&?ﬂgﬂuuﬁ‘?ﬂﬂﬁ% [ PN
2016, 39 (5) : 777—783

Gong Z Y, Gao X, Hang Y, et al. Research on
continuous application of bio-organic fertilizer for
improving greenhouse cucumber yield and quality (In
Chinese ) . Journal of Nanjing Agricultural University,

2016, 39 (5) : 777—783

Screening of Plant Growth-Promoting Rhizobacteria from Watermelon and
Development of Bio-nursery Substrates

ZHANG Yang'

WANG Tiantian' SUN Yuhan'

HU Guanmo'

LI Rong'" YU Ping® SHEN Qirong'

(1 College of Resources and Environmental Sciences / National Engineering Research Center for Organic-based Fertilizer/ Jiangsu

Key Laboratory of Solid Organic Waste Utilization/ Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource

Abstract

Utilization,

(2 Nanjing Qinbang Jipin Agricultural Development Co. Ltd. ,

Nanjing Agricultural University, Nanjing 210095, China )

Nanjing 211516, China )

[ Objective] In order to improve the technical level of industrialized seedling culture and
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find new methods to make use of plant growth-promoting rhizobacteria (PGPR ) , a new strain of functional
bacteria that would promote growth of watermelon was isolated, cultured and inoculated into ordinary nursery
substrate, thus forming a kind of bio-nursery substrate. [Method] A number of strains of bacteria were
isolated randomly from the rhizosphere soil of watermelon plants and screened by plant growth-promoting
properties. One strain which was found to possess complex functions and efficient rhizospheric colonization
ability was further cultured and then inoculated into in ordinary nursery substrate in developing bio-
nursery substrates. Repeated seedling nursing tests and pot experiments were performed in greenhouse and
subsequently in the field to further validate effect of the novel bio-nursery substrate prepared by inoculating
this bacterial strain into ordinary nursery substrate. In the end this strain was proved to be the right one for
preparation of bio-nursery substance. [Result] Through screening, a strain of bacteria, N23, capable
of both producing indole acetic acid and NH; simultaneously and acting in antagonism against Fusarium
oxysporum f. sp. niveum and Ralstonia solanacearum, was isolated from the rhizospheric soil of watermelon
plants. Seedling raising experiments show that in the substrate inoculated with Strain N23, watermelon
seedlings grew much better than those in the ordinary nursery substrate, in plant height, stem diameter and
leaf area. Such an effect was further demonstrated in another three seedlings raising experiments, showing
that the strain steadily promotes seedling growth in a number of growth indices. The pot experiments show that
the plants growing in the bio-nursery substrate were significantly higher than those in the ordinary nursery
substrate, in all measured parameters except SPAD ( Soil and Plant Analyzer Development ) , which differed
very slightly. In the field experiments, watermelon, cucumber, tomato, and pepper seedlings cultured in the
bio-nursery substrate grew better than those cultured in ordinary nursery substrate, in plant height and stem
diameter, which coincided with the results in the pot and seedling experiments. And in the two seasons of field
experiments, the watermelon in the former was 12.5% and 25.4% higher than that in the latter, respectively.
In the field experiments cucumber, tomato, and pepper in the former was 18%, 60% and 25%, than their
respective one in the latter. Morphological and biochemical analysis and 16S rDNA gene sequencing of Stain
N23 shows that the strain is one of Bacillus sp. [Conclusion] All the findings in this study demonstrate that
the bio—nursery substrate prepared by inoculating Bacillus sp. N23 into ordinary nursery substances promotes
seedlings and plant growth as well as yield of the crop. Consequently, this study has provided some novel
ideas for making use of rhizobacteria and some theoretical and technical support to the development of PGPR
agents for preparation of bio-nursery substances.

Key words Plant growth-promoting rhizobacteria; Bio-nursery substrates; Seedling raising; Plant

growth promotion; Bacillus sp.
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