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ABSTRACT

A strain characterized as Bacillus subtilis isolkhtdrom soil was used to convertfurfural residue YFR
biofertilizerbysolid-state fermentation (SSF). Madifor the SSF fermentation was composed of 5%0g#@2.5%
soybean meal, 2.5% rice husk as nutrients and 908tingldriedFR as structure material. The test orgargs
increased to 2.32x18 CFU/g in the medium after 6 days fermentationigbeilution plate and PCR-DGGE method
were used to investigate the soil microflora. Tippleation of biofertilizersignificantly (p < 0.05)mproved the
growth of spinach and controlled fungiin soil comgzhto control.
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INTRODUCTION

Studies showed that Plant Growth-Promoting Baci@aPB) could be used and have no harm to the @mmient,
food security and human hedlthFor this reason, research on the use of PGRBoéartilizers and antagonists of
pathogenshas received extensive attention in mamgytdes.Inoculation of plants with PGPB is ablestistitute, at
least partly, applications of chemical fertilizedafungicides and also bring economic benefits ffier farmers since
they are less costly than the conventionally useaicals.

Bacillus subtiligB. subtilig were found in so many regions of the world andelj used in enhancement of plant
growth, control of pathogens andremediation of asd PGPB for yedfis4]. B. subtiliswere shown significantly
increase the plant growth in root length, numbdea¥fes, fresh, dry biomass and yield of tomatttpocand lettuce
compared to contrf8, 5-7].In addition,some reports showed tBatubtilis strains were highly effective for crop
protection from the pathogefsisariumandRhizoctoniaas well as in stimulating plant grow 5, 7].

Furfural residue (FR)is a kind of biomasswaste Whinerated from the furfural production.lt's cated of
cellulose, hemicellulose, lignocellulose and ligitimere are abundant of FRs in China for the nunsefatfural
production§4, 8,9]. So, recycling of this low cost, extensamd renewable biomass sources using a biotechnology
have the important potential economic and envirantaiesignificance.

This study aims to develop a low cost process afguER as substrateto support the production ofebierlizer
containingB.subtilis under solid-state fermentation(SSF). Prelimingppligation suggested that FR biofertilizer
produced byB.subtilis can significantly improve the growth of spinachdagontrolled fungi in pot experiments,
demonstratinga great potential in industrial andcadfural application as biofertilizer in the fuiu
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EXPERIMENTAL SECTION

1. Isolation and identification of thBacillusstrain

The bacterial straBacillus subtilit 7 was isolated from soil samples in wheat fielddiman, China.Biochemical and
morphological analysis wereperformed accordinhtoBergey's Manual of Systematic Bacteriology. fleaomic
DNA was extracted using the bacteria DNA kit (TIAES Biotechnology, China)and as template for 16S ADN
amplification(primers: 27F and 149R0].Amplification was sequencedby Sangon BiotechpGration in Shanghai
and Blast inGenBank sequence databases for homodo@lysis [11]. Multiple sequence alignment and
neighbor-joining phylogenetic analysis were carmed with CLUSTAL W andMEGA6 program respectivey2,
13].

2. Microorganisms and inocula preparation

The strain was streaked on beef extract-peptong #8& mediumand then incubated for 24 h at@7To prepare
inoculum, a loopof bacteria from the BP medium \weaxtulated into a 300 mL Erlenmeyerflask containtgmL
sterilized BP medium. The inoculumflasks were timenibated in a reciprocating shaker (160 rpm) &8 12-16 h.

3. Production of biofertilizer by solid-state fermetima(SSF)

The materialwas prepared from FR,which was grounttithen passed through18 mesh screen. Theanahysisd
that the FRmoisture content 50.3%, pH 5.0-6.0, d¥altN, 2.3% total K and 0.2% total P.Fermentatioas
performed by inoculating about 5X1@st L7 of exponential phase into 200 g of auteetimedia (5% glucose,2.5%
soybean meal, 2.5%rise husk and 90% dried FR) 0nnlCbeaker at an initial moisture content of 6@H,7.0. The
compost was turned over every 12 h for 6days agnldhied in the 4% until moisture content of 25-30% was attained.
The pH and moisture content of the SSF were detestery day. The number of the isolate was estirayecounting
colony-forming units on agar plates.

4. Efficacy ofbiofertilizer

Soil for this experiment was semi-hydromorphic gagld from Jinan, China, with a pH of 7.26, 223 mgital

P,organic matter content 0.38%.It was air-driedsspd through a 20 mesh screen and mixed. A locadtyaf a

chenopodiaceae, spinadypinaciaoleracea L. Spwas used as test plant. A pot culture experimers carried out for
60 daysand watered regularly. Treatmentswere ceastdtthe following:

TO Control : no biofertilizer

T1 Applied with powder of L7

T2 Applied with fermentation broth of L7
T3 Applied with solid fermentation of L7

Biofertilizer of each treatment was applied befptanting and adjusted to 1QFU/g soil.Spinachplantlets were
carefully uprooted, washed clean of soil particed dried at 50C for 72 h at the end of this period. Plant height,
root length, number of leaves, fresh and drymatfeshoots and roots were determined for each treatrafter
harvest.

5. Soil sampling and DNA extraction

Soil sampling wasperformedafter the spinaches \wareested, according to a method modifiedfrom Baret al.
[14]. All soilsamples were collected in sterilizeB Eubes and were storeda€fbr subsequent use. Total soil DNA
wasextracted using the Soil DNA Isolation Kits (MoBaboratories Inc., Carlsbad, USA) according te th
manufacturer’sprotocol.

6. Soil microbiological analysis

Total numberof cultivable microorganisms was deteeu as colony forming units (CFUs) on agar pldtg<Serial
Dilution Plate method using soil agar medium.Thaibmation for total number of microorganisms toakays at 3@
temperaturg5].

Soil fungal community was analyzed by PCR-DGGE. P@plificationof the variable region of thepartBSU
rDNAwas performedwith primers FR1 with a GC clanmplBF39(16]. Twentymicroliter PCR product samples with 5
ml of loading dye wereloaded into wells of an 8%yporylamide gel (acrylamide:bisacrylamide37.5:4h@ining a
gradient of 35-60% denaturants (a100% denaturamtestdrationwas defined as 7 M urea and 40% v/vrizéaol
formamide). Electrophoresis was performed in 1xTéfiidy at 62Cwith a constant voltage of 120 V for 14 h. The gel
wasvisualized by silver staining and scanned usirsganner (JY04S-3C Gel Document Imaging Systerijinge
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JUNYI DONGFANG Electrophoresis Co., Ltd, China.xreé®gthened intensityDGGE bands from the T1 were
excised andsequenced, as described by Lanfl&{.al

The DGGE images were analyzed by the Quantity @ftevareprogram (Version 4.6.2, Bio-Rad Laboratdries
band detectionand intensity. Cluster analysis veasrchined by the UPGMA algorithm(Quantity One Vers#.6.2,
Bio-Rad Laboratories). TheShannon-Wiener diversitgdex (H) was calculated using theformula:
H= —-Y(p;Inp;) = —X(n;/N)In(n;/N), wherep; is the ratiobetween the number of bands in a fipegbup and
the totalnumbem;was the intensity of a band aNdvas the sum of allband intensities in the denstoyrprofile[17].

7. Data analysis

The statistical analysis was performed with the $SA3.0 software program (SPSS Inc., Chicago, loy. &l

parameters, data werecompared with a one-way amabfsvariance (ANOVA) at the endof each bioassay.
comparison of means was performed by aFisher’s $égsificant difference test (LSD) and the Duncailtiple range
test with a significance level pk 0.05.

RESULTSAND DISCUSSION

1. Identification of the isolatacillusstrain

This strain was characterized morphologically amchemically by following Bergey's Manual of Systatit
Bacteriology and was found to be agram positivel shaped, spore forming rodand aeroBaxillus sp The
phylogenetic analysis based on BLAST search usB 'DNA gene sequence exhibited its maximum hompolog
(100 %) withBacillus subtilisstrain MB8 and thus designatedBecillus subtilisstrain L7 (Fig. 1).The 16S rDNA
sequence of L7 has been deposited in GenBank uhdeaccession numbers KP100527. And the strairbées
preserved into the Shandong Center of Industriaidigganism Collection.

2. Analyses of SSF and characteristics of biofertilize

Fermentation conditions were optimized using orthad optimization (data not shown). During the fentation,
water content of the medium reduced slightly frofi6t the beginning of fermentation to 54.3% attha(Eig. 2). A
rapid increase in relative biomass concentrationalaserved within the initial four days of fermeigat Up
t02.32x108° CFU/g could be detected in the fourth day. Growts slowed down during the later stages of
fermentation (Fig. 2), probably due to the limidatiof nutrients and other factors associated \highbiatch growth of
microorganisms. The growthtrend of sporesimilathtmtof bacterial and thespore forming rate read#€% in the
end. A gradual rise inpH from 7.0 at the onsetofirfentation to 7.46 towardsthe end was also obddovehe strain

L7 (Fig. 2).

At the end of 6 daysfermentation, the medium wassicterably modified, becoming more loosely to todadle tothe
degradation of the FR by the inoculum, and liglitecolor with visible white bacterial colony on tiserface of
medium. Many species d@.subtiliswith cellulolytic activities and a potential to gtade FR have been reported
[18-20]. The ability of the isolates to utilize edtise is an important property during fermentatiaii enhance
interaction of the biofertilizer organisms with theaterial. Degradation of the FR achieved durinig pinocess has
positive implications for the disposal of FR, whiclrrently pose problems of disposal and envirortadgrollution.
Otherwise, biofertilizercould have along shelf liferoom temperaturebased uponhigh spore formieg ra

3. Efficacy of biofertilizer

The three treatments which applied with strain lo¥sed significantf§< 0.05) increases in the fresh and dry weightof
spinachroots when compared to the controlat theulon concentration of #GFU/g soil under experimental
conditions (Table 1). Meanwhile, remarkable diffezes were shown in treatment T3 contrasted witlofTD1 onall
the growth parameters except number of leavesydity plant height, root length, fresh and dry vaeigf shoots,
fresh and dry weight of roots (Table 1). ComparedTil (cell powder, which only contain spores withou
metabolites), T2 (liquid fermentation broth) and {SSF product) contained more secondary metabobtes) as
amino acids and peptides produced during fermemtatvhich stimulated the growth of plant roots.®aapplied
with T2 and T3 showed similar growth situation ungeeenhouse conditions (Table 1). Even thoughafimdication
of biofertilizer by SSF gave the highest resultplemt growth properties for its more organic matthan T2. Among
the three treatments, T3 has a cost advantageefaffardable technology and reuse of locally awdéandustrial
wastes.

In a comparable stud$], tomato plants inoculated wiBhsubtilisHYT-12-1 showed remarkable increase in roots and
shoots growth over controls.In other vegetabldsosticultural crops such as pepper, cacao and teerinoculation
with B. subtilislso demonstrated apositively effect on some gratitibuteg21-23].Therefore it was suggested that
B. subtilisserved as an effective growth bioregulatorstrain.
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4. Soil microbiological analysis

Resultsshowed that the number and community of@ldte microorganismswere very different compared to
control.Most of cultivable microorganisms were ansly different from L7 in morphological characgtics. While
biomass of strain L7 were increased to 1.5x20 x16and 3.0x10CFU/g soil in T1, T2 and T3 respectively after the
experiments.

The DGGE fingerprint analyses of soil samples arednlith different treatments are shown in Fig. 8s&d on an
UPGMA method analysis, the DGGE lanes grouped4xlistinctive clusters. The three-replicate clufberm3 was
different compared to the other clusters from aneensbil samples. Thefirst-order clusters for eaehtment group
were identified at a similarity score of 60%. Thesults indicated that the fungalstructure of swinfT3 was
significantly altered compared to the control attteo selected treatments.

DGGE fingerprint analysis (Fig. 3) and Table 2 destoated thatthe visiblefungal band numbers of &8 %6 while

TO, T1, T2 reached 10.7, 9.3, 6.0 respectivelywshg an obvious change after applied with biofenit by SSF.
Moreover, treatment T3 and T2 had adistinctlydesen the diversity index (H) of the fungal commyrompared
to TO and T1.Furthermore, all the treatments shoavsifjnificant different in R and H compared to ttohapplied

with L7 (table 2). This demonstrated that fungalbass and diversity of TO is greater than any dileetments in the
soil.

Six strengthened bands of T1 in DGGE were exciseddquencing and analyzed by a BLAST search subsdy.
The highest identitiesbased on comparison to knamehputative species in the NCBldatabase (table 3).

Through the DGGE results, we could find that thé& S8plication decreased the fungal population anmdngunity
structure in the soil.Changes in the communityudicable microorganisms and fungi groups as wekkerations in
their microbial biomass in soil inferred that L7 ut survive well in soils and prevailed over indiges
microorganisms by using biofertilizers, particwatteatment T3. This prevalence can be a resuth@finoculum
strength, which may have favored its competitivenésit it can also be due to the antagonistic effespecially
considering the fungi growth inhibition observedn@nned all the results in the present study, weictar that one
mechanism by which the SSF application reduceélutingal population might be attributed to the féwetttthe specific
bioorganic fertilizer containing L7 increased thal $solate population compared to the control aesulted in a
general suppression.

Fig.1 Phylogenetic tree constructed with the 16Sr DNA sequences.
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Fig. 2 Changesin biomass, pH and water content during SSF.
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Fig.3 Effect of biofertilizerson the fungal community structure of soil from different soil samples(TO, T1, T2, T3). Arabic numbersat the
nodes represent cophenetic correlation values as per centages. 1-6 indicate the six successfully excised and sequenced DGGE bands.
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Table 1 Effectsof strain L7 on the growth of spinach with different treatments.

Treatment TO T1 T2 T3

Plant height (cm) 21574342 21.97+2.16f 24.91+2.9% 25.42+4.21
Root length (cm) 3.90+1.80  4.06+1.1% 4.83+0.80"  5.08+1.28
No. of leaves 11.00£2.17  9.78+1.96 10.44+2.57 128

Fresh weight of shoots (g) 4.79+1°49 5.68+1.46°  7.30+1.3%8  8.05+0.07
Dry weight of shoots (g) ~ 0.42+0.02  0.49+0.08°  0.58%0.08°  0.65+0.07
Fresh weight of roots (g) 0.37+002 0.48+0.0% 0.66+0.02 0.70+0.02
Dry weight of roots (g) 0.025+0.002 0.029+0.001 0.043+0.001 0.046+0.001
aP9vieans with identical letter superscripts are najrsficantly different at p<0.05.

Table 2 Richness (R) and Shannon-Wiener diversity indices (H) for soil samplesfrom treatments analyzed by PCR-DGGE.

Treatment R H

TO 10.7+0.8  2.24+0.23
T1 9.3x0.6  1.84+0.17
T2 6.0+0.0  1.45+0.12
T3 46+0.6  1.2620.02

2P9vieans with identical letter superscripts are najrsficantly different at p<0.05.
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Table 3 Phylogenetic relationships of the extracted PCR-DGGE DNA sequences

Band number  Accession Closest re_Iativgg microorganisms Similarity (%)
(phylogenic affiliations)

1 KP090213  Unculturefiingusclone Nikons 220 97%

2 KP090214  Unculturdtuyveromyces 100%

3 KP090215 Candida orthopsilosi€o 90-125 99%

4 KP090216 Eocercomonas sgFCC907 99%

5 KP090217  Unculturefiingusclone nco88d08c 100%

6 KP090218  UnculturedukaryoteloneAerocompdEL33  99%

CONCLUSION

This work demonstrated therecycling and applicatdd®R in producingan environment-friendly biofézgérs by
solid-state fermentation of strain L7.1t showedgn#icant (p< 0.05) improvement of the growth of spinach and a
remarkablebiological controleffects, which showegabgential application in agriculture.
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