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1 flic F (5°-
GAACGCCAACGGTGCGAACT-3")  flic R (5’-GG-
L1 CGGCCTTCAGGGAGGTC-3%) 2
a " 338F(5’-ACTCCTACGGGAGGCAGCAG-3")  518R
T-5 (5°-ATTACCGCGGCTG CTGG-3")1*"
nias ITS1f(5’-TCCGTAGGTGAACCTGCGG-3)
o6l 5.88(5’-CGCTGCGTTCTTCATCG-3")R"
ABI PRISM® 7500 Real-time PCR system
T-5 6 x 10® cfu/g( ) 1 95 C 305 95 C
55 53 C 345 (
1.2 56 °C) 30 3
2014 3 2005 6 ( 3 ) DNA
(Ct)
pH 6.33 43.56 g/kg 1.89 g/kg (log (Copies/g )
138.66 mg/kg 464.81 mg/kg %1 =B PCRIMKE
2 Table 1 Quantitative PCR amplification system
(BIO) PCR (ul)
5997 kg/hm’ SYBR® Premix Ex TaqTM(2x) 10.0
(BIONS) ROX Reference Dye I1(50%) 0.4
BIO Forward primer(10 pmol/L) 0.4
3 Reverse primer(10 pmol/L) 0.4
10 m? 32 DNA 2.0
3 ddH,0 6.8
4)
T-5 LB (27 31]
5% (VIW, W ) 1.4
221 Microsoft Excel 2007
SPSS (20.0, SPSS Inc. Chicago, IL)
T R(version
BIO 3.2.0)
BIONS Spearman
1.3 P 0.05
1) 5
2.1 3
2)
3 2 3
(28] (BIONS)
(BIO)
BIONS
3)DNA 025 g BIO BIONS BIO
DNA (Mo Bio Laboratories, Inc., 18 695.44 kg/hm’ 38.86%
Carlsbad, CA, USA) DNA 19 578.39 kg/hm® 47.87%
PCR 14 510.63 kg/hm? 34.60%
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F2 AELEMEMER RN BIO
Table 2  Effects of different treatments on tomato yield BIONS 3
BIO
(kg/ ) (kg/hm?) (keg/hm?) (%) pIo
BIO 231 48110.53"
BIONS 248 6680596  18695.44 38.86 2B 2F 3 BIONS
BIO 1.96 40 901.06" BIO
BIONS 225  60479.45 19 578.39 47.87 BIONS
BIO  2.17 4193625 BIO
BIONS 236  56446.88 14 510.63 34.60 2.4
* P<0.05 3
3
2.2 3 (BIO) pH
(BIONS) BIO
1 (BIO)3 BIONS
34.38%  34.46% BIO
40.00% (BIONS) BIONS
15.63% 16.11% 25.00% BIO
BIONS 3 BIO
54.55% 53.25%  37.50% BIONS
2.5
aBIO = BIONS 4
. e il A (tho=-0.46 P=0.000 10)
pH] (tho=0.40 P=0.002 6)
£% (tho=—0.32 P=0.019)
10 pH
; — — gg4! - (tho=0.32 P=0.020
W—E; T rtho=0.33 P=0.014 rho=0.28 P=0.039
(* P<0.01 )

1 FEAEB S R & HE R
Fig.1 Effects of different treatments on incidence of tomato
bacterial wilt disease

2.3 3

2A 2B

(BIO)
BIONS
BIO

BIONS
BIO
2C 2D
BIO

BIO

(BIONS)

BIONS

BIONS

2.6

(tho=0.32, P=0.019)
pH

(rtho=-0.38 P=0.004 9
rho=-0.51 P=0.000 10)

3 BIONS
BIO
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Fig. 2 Effects of different treatments on microbial biomass
3 N B AR TE X 4 T R B 22 e
£3 TREAE TIRBUMERFM
Table 3  Effects of different treatments on soil properties
BIO BIONS BIO BIONS BIO BIONS
pH 7.4+0.1" 7.3+0.1 7.1£0.1 72+0.1 7.0+0.1 7.0+ 0.1
(mS/cm) 4252 +47.7 4859+ 63.4 483.6 +17.1 497.0+15.4 506.6 £98.2 451.6 +£27.9
(mg/kg) 3932+ 64.4 417.7+55.0 362.3£24.2 438.2 +34.0 527.8+77.8 486.5+22.0
(mg/kg) 1344+49 136.1+6.4 115.7+£17.0 1042 £21.1 79.0 6.1 73.5+53
(mg/kg) 109.3 +27.7 125.2+13.2 123.1+1.8" 189.1+4.3 139.1 +11.7 141.9+12.1
(mg/kg) 6.1+0.3" 7.1+0.3 8.7+0.8 9.7+0.2 54+04 56+0.9

F4 TEMEVHEREFRBAMRSEM~ER Spearman 18X 1%
Table 4 Spearman’s correlations between tomato yield with tomato bacterial wilt disease incidence, soil microbial populations and
physiochemical characteristics

pH
rho -0.46 0.043 0.40 -0.32 0.32 -0.018 0.16 0.33 0.28 0.26
P 0.000 10 0.76 0.002 6 0.019 0.020 0.90 0.24 0.014 0.039 0.055
Bray-Curtis
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x5 TEWMEVMHERERBUMRESENFHEFE KRR Spearman 18X 1%
Table 5 Spearman’s correlations between tomato bacterial wilt disease incidence with soil microbial populations
and physiochemical characteristics

pH
rho 0.32 -0.14 0.11 -0.21 -0.22 0.011 -0.21 -0.38 -0.51
P 0.019 0.32 0.44 0.13 0.12 0.93 0.12 0.004 9 0.000 10
Bray-Curtis
[32-33]
Spearman [41-42]
[43-44]
[45]
Elmer %
BIO BIONS 47
Spearman
3
BIONS BIO 3 BIONS
[34] BIO T-5
[35]
4
(BIO)
36
(6! (BIONS)
BIONS
B7) BIONS
3 BIO
[39]
SQR21  T37
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[J. , 2016, 53(2): 305-310
(40] [3] Caruso P, Palomo J L, Bertolini E, et al. Seasonal variation
of Ralstonia solanacearum biovar 2 populations in a
Spanish river: Recovery of stressed cells at low
temperatures[J]. Applied and Environment Microbiology,
2005, 71(1): 140-148
[4] Allen C, Prior P, Hayward A C, et al. Bacterial wilt disease
3 BIO . .
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Effects of Seedlings Colonized PGPR Stains on Bacterial Wilt Disease
Suppression and Yield of Tomato

ZHANG Na', HUANG Yan', XU Xu', ZHANG Bo', DENG Xuhui', WANG Dongsheng?,
TAO Chengyuan', WANG Qichuan’, LI Rong'", SHEN Qirong'

(1 Jiangsu Key Laboratory of Solid Organic Waste Utilization, Jiangsu Collaborative Innovation Center for Solid Organic Waste
Resource Utilization, National Engineering Research Center for Organic-based Fertilizers, College of Resources and
Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2 Nanjing Institute of Vegetable Science,
Nanjing 210042, China; 3 Huaian Chaimihe Agricultural Technology Development Co. Ltd., Huaian, Jiangsu 223001, China)

Abstract: The effects of seedlings colonized PGPR stains on tomato bacterial wilt disease suppression and yield were
investigated via continuously 3 season field experiments in this study for providing a new strategy to maintain the tomato
sustainable production. Compared with the control (BIO) transplanted with common seedlings cultivated in ordinary nursery
substrate, seedlings colonized PGPR stain produced by bio-nursery substrate were transplanted in the field amended with
bio-organic fertilizer (BIONS) to evaluate the tomato yield enhancement and bacterial wilt disease suppression ability as well as
its influence on microbial biomass and soil properties in a plastic greenhouse. Results showed that compared to BIO, BIONS
significantly increased tomato yield by 38.86%, 47.87% and 34.60% in the first, second and third seasons, respectively.
Meanwhile, tomato bacterial wilt disease incidence of BIONS was prominently lower than BIO. Moreover, BIONS application
significantly increased rhizosphere bacteria but decreased fungi populations. During the three seasons, the contents of ammonium
nitrogen (NO;-N) and nitrate nitrogen (NH;-N) were higher in BIONS than in BIO; ammonium nitrogen amount had a positive
correlation with tomato yield; and negative correlation was observed between disease incidence and the contents of ammonium
nitrogen and nitrate nitrogen. The above results prove that continuous application of the bio-nursery substrates in greenhouse can
effectively control tomato bacterial wilt disease, thus can increase tomato yields.

Key words: Tomato; Yield; Bacterial wilt; Bio-nursery substrate; Rhizosphere beneficial bacteria
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