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Effects of Beauveria bassiana and acephate on rice antioxidant status
and soil nitrogen circulation

DU Wei', JIANG Ping', ZHOU Jun', BU Yuanqing®, LIU Changhong’, DAI Chuanchao'

(1. Jiangsu Engineering and Technology Research Center for Industrialization of Microbial Resources; Jiangsu Key Laboratory for
Microbes and Functional Genomics; College of Life Sciences, Nanjing Normal University, Nanjing 210023, China;
2. Nanjing Institute of Environmental Science, Ministry of Environment Protection, Nanjing 210042, China;
3. College of Life Sciences, Nanjing University, Nanjing 210093, China)

Abstract Beauveria bassiana is a common entomopathogenic fungus with a global distribution. Isolates of B. bassiana can
antagonize a variety of soil and plant pathogens. At present, studies have focused on B. bassiana insecticidal mechanism and
symbiosis with plants. In order to investigate the ecological safety of B. bassiana and its environmental behavior in paddy systems,
we conducted a potted trial to evaluate the effects of different concentrations of B. bassiana spore suspensions and chemical pesticide
(acephate) on the redox state of rice and the intensity of biochemical processes related to soil nitrogen circulation. B. bassiana were
expressed with the egfp gene (green fluorescent protein gene) through transformation with a vector, and real-time polymerase chain
reaction (PCR) was used to detect B. bassiana in rice grains. To accomplish this, B. bassiana specific DNA primers (¢GPF-F1/
eGFP-R1) were designed after the green fluorescent protein sequence marked B. bassiana. Amplification of B. bassiana DNA yielded

a single 289 bp-long product using the eGPF-F1/eGFP-R1 primers. The detection limit was 10 fg-uL™" of B. bassiana genomic DNA.
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The pot experiments consisted of seven treatments — CK (blank control group), CS (Chilo. suppressalis larvae), Bl (B. bassiana at
7.5%x10% sporesmL™! + CS), B10 (7.5%10° spores'mL " + CS), B100 (7.5x10° sporessmL " + CS), B1000 (7.5%107 sporessmL ™" + CS)
and AE (acephate + CS). The results showed that B. bassiana stimulated the ammonification and nitrification of soils with maximum
increases of 12.4% and 36.8%, respectively. Low concentration of B. bassiana facilitated denitrification, while high concentration
inhibited denitrification. On the 10™ day after treatment, acephate decreased ammonification, nitrification and denitrification rates by
18.6%, 45.3% and 27.5%, respectively. After inoculation with C. suppressalis and acephate application, ratios of AsA : DHA and
GSH : GSSG reduced with decreasing antioxidant capacity. In contrast, B. bassiana treatment increased AsA : DHA and GSH

GSSG ratios. Changes in H,O, content showed that C. suppressalis and acephate induced peroxidation, while B. bassiana reduced
peroxidation intensity induced by C. suppressalis. Finally, B. Bassiana was not found in grains after RT-qPCR analysis. Overall, it
was concluded that compared with chemical pesticide (acephate), B. bassiana was an effective and environment-friendly microbial
pesticide.

Keywords Beauveria bassiana; Acephate; Rice; Redox state; Nitrification; Ammonification; Denitrification; Real-time PCR
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Fig. 1  Effects of different treatments on ammoniation (A),
nitrification (B) and denitrification (C) intensities of paddy soil
CK: ; CS: ; BL: +7.5%10°
( )mL™( ); B10: +7.5%10° ( )mL™(
); B100: +7.5%10° ( )-mL™( ); B1000:
+7.5x107 ( )mL7Y( ); AE: + 2 mL(
)L )
(P<0.05), CK is control; CS is treatment of inoculation of

Chilo suppressalis larva; B1, B10, B100 and B1000 are treatments
of application of 7.5x10%, 7.5x10°, 7.5x10°, and 7.5x10” spore-mL "'
Beauveria bassiana and inoculation of Chilo suppressalis larva. AE
is treatment of 2 mL-L™" acephate with inoculation of larva of Chilo
suppressalis. Different letters indicate significant difference among
treatments (P < 0.05). The same below.



168 2014 22
CK 12.4% 60 d ECK 8CS @mB1 0B10 ®B100 ®B1000 8 AE
’ : #ll
: :
CK : © ?
1B , 10d ,CS AE % g
CK 22.86% ﬁ
31.17% 30d ,CS AE ﬂ
CK ,
, B1000 CK
10.23%
c .
, T E
10d ,B1000 AE < g
CK 23.5%  27.5%, < ﬁ
Bl 6.6% 30d , ﬁ
60 d, g
2.2
2A , 10 d , Bl
GSH : GSSG CK  34.8%, 30 d , B100 R
CK  51.8%, CS 10d 30d CK %o
45.02% 34.34%, AE 25.72% g
26.89% S
2B , AsA : DHA =
GSH : GSSG 10d 30d ,BI
AsA I DHA CK 46.12% 17.64%, CS
33.43% 23.48%, AE 36.08% AEFRIS KB Days after treatment (d)
37.05% B2 FEALEIKIE GSH | GSSG(A). AsA : DHA(B)
2C ; , 1 H,0,(C) 2 & RIF M
H,O, , Fig. 2 Effects of different treatments on GSH : GSSG(A),
AsA  DHA(B) and H,0,(C) content of paddy
, 30d , AE CK  37.35% a
60d
2.3 PCR
2.3.1

eGPF-F1(5' CAGTGC
TT CAGCCGCTACCC 3'), eGFP-R1 (5' AGTTCACCT

TGATGCCGTTCTT 3") 3 , eGPF-
F1/eGFP-R1 PCR ,
289 bp
2.3.2 PCR
DNA ,
¢GPF-F1/eGFP-R1
( 4, (x) ) »
(Ct ), (R*>0.99)

289 bp

E 3 314 eGPF-F1/eGFP-R1 By# 1 =4)
Fig. 3 PCR products using primer eGPF-F1/eGFP-R1
123 4 PCR ,M Marker (DL
2000). 1, 2, 3 and 4 stand for the PCR products of B. bassiana, M
stand for marker (DL 2000).

, DNA 102 pg 107°
pg 10%pg 10°pg 10°pg, 1uL
, , 1 fgul™
DNA 1 uL DNA



2 : 169

4or y=-3.682 9x + 28.881 AsA I DHA  GSH:
35+ 2
R°=0.9912 GSSG,

r H,0,

Ct{H Threshold cycle
s

0 1 1 1 1 1 1 1 1
-3 =2 -1 0 1 2 3 4 5 H,0, Harrach [22]
F:FZIDNAJF & Genomic DNA quantity (pg)
(Fusarium culmorum)
B4 BEEEELEXNRNLESE PCRIREMHZ H.0
Fig. 4 Standard curve from real time PCR amplified with B. ’ 2
bassiana genomic DNA : s

(Piriformospora indica)

>

DNA 10 fg-uL!
2.3.3
5 B1 B10 B100 B1000 4 -
DNA
PCR, | ’ |
Ownley
Windham!*¥ ,
3 Wiess® o
Gigliotti  ["*! ’
; Lang 2 : ’
" Martinez- Griffin Leckie [25-26] ,
Toledo 12!
> 3
AsA GSH ’ ’
, it AR EHRFAVERP L KHIZR
ASA: DHA GSH f-j /"Lj"ﬁ - T ‘5«‘4—44-7]“:‘: %&\ X ‘X;E
[22] BRERAT AL aBA R, LR SRS
. TR K FAM R F I 5 R 58 FUR R 0
Gk,
, AsA : DHA  GSH: ‘

[1] Monkiedje A, Spiteller M. Effects of the phenylamide



170

2014 22

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]

fungicides, mefenoxam and metalaxyl, on the microbiological
properties of a sandy loam and a sandy clay soil[J]. Biology
and Fertility of Soils, 2002, 35(6): 393-398
Monkiedje A, Ilori M O, Spiteller M. Soil quality changes
resulting from the application of the fungicides mefenoxam
and metalaxyl to a sandy loam soil[J]. Soil Biology & Bio-
chemistry, 2002, 34(12): 1939-1948
Lupwayi N Z, Brandt S A, Harker K N, et al. Contrasting soil
microbial responses to fertilizers and herbicides in a
canola-barley rotation[J]. Soil Biology & Biochemistry, 2010,
42(11): 19972004

, . 1.
, 2004, 15(2): 341-344
Wu C H, Chen X. Impact of pesticides on biodiversity in
agricultural areas[J]. Chinese Journal of Applied Ecology,
2004, 15(2): 341-344
Gurr G M, Wratten S D, Altieri M A. Ecological engineering:
A new direction for agricultural pest management[J].
Australasian Farm Business Management Journal, 2004, 1(1):
28-35
Gurr G M, Wratten S D, Altieri M A. Ecological Engineering
for Pest Management: Advances in Habitat Manipulation for
Arthropods[M]. Melbourne, Australia: Csiro Publishing, 2004
Ownley B H, Griffin M R, Klingeman W E, et al. Beauveria
Endophytic
control[J]. Journal of Invertebrate Pathology, 2008, 98(3):
267-270

Meyling N V, Eilenberg J. Ecology of the entomopathogenic

bassiana: colonization and plant disease

fungi Beauveria bassiana and Metarhizium anisopliae in

temperate agroecosystems: Potential for conservation
biological control[J]. Biological Control, 2007, 43(2):
145-155

Bark Y G, Lee D G, Kang S C, et al. Antibiotic properties of

an entomopathogenic fungus, Beauveria bassiana, on
Fusarium oxysporum and Botrytis cinerea[J]. Korean Journal
of Plant Pathology, 1996, 12(2): 245-250

Vega F E, Simpkins A, Catherine Aime M, et al. Fungal
endophyte diversity in coffee plants from Colombia, Hawai'i,
Mexico and Puerto Rico[J]. Fungal Ecology, 2010, 3(3):
122-138

Posada F, Vega F E. Establishment

entomopathogen

of the

(Ascomycota:

fungal
Beauveria bassiana
Hypocreales) as an endophyte in cocoa seedlings (Theobroma
cacao)[J]. Mycologia, 2005, 97(6): 1195-2000

Posada F, Vega F E. Inoculation and colonization of coffee
seedlings (Coffea arabica L.) with the fungal entomopathogen
Beauveria bassiana (Ascomycota:
Mycoscience, 2006, 47(5): 284-289

Wagner B L, Lewis L C. Colonization of corn, Zea mays, by

Hypocreales)[J].

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

the entomopathogenic fungus Beauveria bassiana[J]. Applied
and Environmental Microbiology, 2000, 66(8): 3468-3473
Ganley R J, Newcombe G. Fungal endophytes in seeds and
needles of Pinus monticola[J]. Mycological Research, 2006,
110(3): 318-327
Gomez-Vidal S, Lopez Llorca L V, Jansson H B, et al.
Endophytic colonization of date palm (Phoenix dactylifera L.)
leaves by entomopathogenic fungi[J]. Micron, 2006, 37(7):
624-632
Ken’ichi O. Glutathione-associated regulation of plant growth
and stress responses[J]. Antioxidants & Redox Signaling,
2005, 7(7/8): 973981
(M].

,2010
Lin X G. Principles and Methods of Soil Microbiology
Research[M]. Beijing: Higher Education Press, 2010
Foyer C H, Halliwell B. The presence of glutathione and
glutathione reductase in chloroplasts: a proposed role in
ascorbic acid metabolism[J]. Planta, 1976, 133(1): 21-25
Gigliotti C, Allievi L. Differential effects of the herbicides
bensulfuron and cinosulfuron on soil microorganisms[J].
Journal of Environmental Science and Health, Part B, 2001,
36(6): 775-782
Lang M, Cai Z C. Effects of chlorothalonil and carbendazim
on nitrification and denitrification in soils[J]. Journal of
Environmental Sciences, 2009, 21(4): 458-467
Martinez-Toledo M V, Samer®n V, Rodelas B, et al. Effects
of the fungicide captan on some functional groups of soil
microflora[J]. Applied Soil Ecology, 1998, 7(3): 245-255
Harrach B D, Baltruschat H, Barna B, et al. The mutualistic
fungus Piriformospora indica protects barley roots from a
loss of antioxidant capacity caused by the necrotrophic
pathogen Fusarium culmorum[J]. Molecular Plant-Microbe
Interactions, 2013, 26(5): 599-605
Elliot S, Sabelis M,
entomopathogens as bodyguards?[J]. Ecology Letters, 2000, 3(3):
228-235
Ownley B H, Windham M. Biological control of plant
pathogens[M]//Trigiano R N, Windham M T, Windham A S
(Eds). Plant Pathology: Concepts and Laboratory Exercises.
Boca Raton, Florida: CRC Press, 2007: 424-436

Griffin M R. Beauveria bassiana, a cotton endophyte with

Janssen A, et al. Can plants use

biocontrol activity against seeding disease[D]. The Knoxville:
University of Tennessee, 2007

Leckie B M. Effects of Beauveria bassiana mycelia and me-
tabolites incorporated into synthenic diet and fed to larval
Helicovepa zea; and detection of endophytic Beauveria bas-
siana in tomato plants using PCR and ITS primers[D]. Knox-

ville: University of Tennessee, 2002




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


