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Analysis of the fungal community in continuous cropping cotton field
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Abstract Long-term continuous cropping of cotton has caused dramatic soil-borne diseases in many places, leading to substantial
agricultural losses. However, in some areas of Xingjang Uygur Autonomous Region, the obstacles caused by continuous cotton
cropping can spontaneously restore and maintain high yields of cotton for many years. To analyze the variable spectrum of soil fungal
communities and changes in the community structure in these spontaneously restored fields during cropping, soils at depths of 1 to
10 cm, 11 to 20 cm, 21 to 30 cm and 31 to 40 cm were sampled from cotton fields with a history of 0 a (unused field), 1 a, 3 a, 5 a,
10 a, 15 a or 20 a of cotton cropping in the Shihezi Region of Xinjiang Uygur Autonomous Region. The fungal communities in these
samples were studied using 18S rRNA-based polymerase chain reaction-density gradient gel electrophoresis (PCR-DGGE). Fungal
community diversity indices including the Shannon-Wiener diversity index, abundance index and evenness index were compared
among these samples. Samples from the unused field had relatively high levels of those three indices. With increasing years of cotton
cropping, the fungal abundance, diversity and evenness indices descend, whereas those three indices showed a different decrease in
different depth. However, after 10 a of continuous cropping, all these indices were restored to their original values or reached a
relative stable level. Cluster analysis of DGGE fragments indicated that the samples of each depth were clustered into different
branches. Soil fungi of 21-30 cm plow layer was most significantly affected by continuous cropping. Soil fungi community
obviously fluctuated in different depths. Principal component analysis (PCA) showed that at each soil depth, the first two principal
components were of the greatest importance and had a combined variance contribution rate >60.1%. Except for the 11-20 cm and

21-30 cm depths of the 1 a continuous cropping soil, all of the cotton soils were positively correlated with the first principal
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component and fluctuated on the right of the first principal component between the positive and negative axes of the second principal
component. Both cluster analysis and PCA results suggested that, compared to that from original uncropped field, the fungal
community structure showed the most variation in samples from the depth of 11-30 cm of continuously cropped soils. Twenty-four
clones were sequenced and submitted to GenBank (accessory no. JIN572633 to IN572656). By aligning with the GenBank database,
all sequences from DGGE were classified into three groups: Mitosporic fungi, Uncultured fungi, and Pyronemataceae. Further
analysis demonstrated that the isolated sequences showed a homology of 98.5%—100% to known sequences in GenBank and 100% of
the sequences belonged to fungium which were not cultured. No microbial data were correlated with soil-borne plant diseases of
cotton. The study demonstrated that the age of cotton fields had significant effects on soil fungal diversity. Continuous cotton
cropping exerted significant influences on the community structure of soil fungus in Xinjiang Uygur Autonomous Region, with an
initial suppression effect on fungal diversity. However, the fungal community reached a stabilized level or a new balance compared
with its original state after 10 a of continuous cropping.

Keywords Continuous cropping; Cotton field; Soil; Fungi community; Diversity indices; Community structure similarity;
Community succession
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Table 1 Diversity properties of cotton soil fungus using DGGE bands pattern data under different continuous cropping years
and soil depths

Shannon-Wiener

Soil depth (cm) Continuous cropping years () Shannon-Wiener index Richness index Evenness index
1~10 0 1.97+0.2d 8+1.0b 0.95+0.05bc
1 1.46+0.8bc 5+0.5a 0.90+0.04b
3 1.19+£0.2a 5+0.5a 0.74+0.04a
5 0.99+0.3a 3+0.5a 0.90+0.06b
10 1.59+0.4b 6+0.3ab 0.89+0.03b
15 0.99+0.2a 4+0.5a 0.71+0.06a
20 1.28+0.5ab 5+0.5a 0.79+0.05a
11~20 0 1.37+0.9¢ 4+0.4ab 0.99+0.07b
1 1.16+0.7bc 4+0.3ab 0.84+0.05a
3 1.48+0.8d 5+0.2b 0.92+0.03ab
5 0.00+0.1a 1+0.1a —
10 1.03+£0.4b 3+0.2a 0.94+0.05ab
15 0.68+0.3a 2+0.2a 0.99+0.05b
20 0.87+0.1a 3+0.3a 0.79+0.05a
21~30 0 1.80+0.7d 7+0.5ab 0.92+0.07¢
1 1.27+0.3ab 6+0.5a 0.70+0.06a
3 1.74+0.6¢cd 10+1.0¢c 0.72+0.03a
5 1.60+0.6¢ 6+0.5a 0.89+0.08bc
10 1.17+£0.2a 6+0.5a 0.65+0.04a
15 1.05+0.3a 4+0.2a 0.76+0.03ab
20 1.37+0.3b 6+0.2a 0.76+0.04ab
31~40 0 2.10+0.7d 9+0.5¢ 0.95+0.08a
1 1.24+0.6¢ 4+0.3a 0.90+0.07a
3 1.03+£0.4b 3+0.1a 0.94+0.06ab
5 1.67+0.7d 6+0.5b 0.93+0.04ab
10 0.91£0.1a 3+0.4a 0.82+0.05a
15 0.72+0.1a 2+0.2a 1.04+0.09bc
20 1.42+0.5¢ 5+0.3ab 0.88+0.06a

(P<0.05) Different small letters in the same column indicate significant difference among dif-

ferent years at 0.05 level.
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Fig.1 DGGE electrophoretogram (left) and cluster analysis (right) of different soil depths (A: 1-10 cm; B: 11-20 cm;

C: 21-30 cm; D: 31-40 cm) under different continuous cropping years
I~15  a~i Lanes 1-15 and a—i are the excised bands.
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Fig. 2 Principal component analysis (PCA) of the fungal community structures obtained from the soil layers of 1-10 cm (A),
11-20 cm (B), 21-30 cm (C), and 31-40 cm (D) under different continuous cropping years
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[28] 3

18S PCR
; DGGE

2% 30k

(2008)[M]. : s
2008: 280-308
Jin J X. Xinjiang Statistical Yearbook (2008)[M]. Beijing:
China Statistics Press, 2008: 280-308

[J1. , 2002, 19(3): 57-61

Ni T Q, Tian C Y, Hu W K. Some vital problems in cotton
production in Xinjiang and the countermeasures for achieving
a sustainable development[J]. Arid Zone Research, 2002,
19(3): 57-61
Hooper L V, Wong M H, Thelin A, et al. Molecular analysis of
commensal host-microbial relationships in the intestine[J].
Science, 2001, 291(5505): 881-884
Muyzer G, Smalla K. Application of denaturing gradient gel
electrophoresis (DGGE) and temperature gradient gel
electrophoresis (TGGE) in microbial ecology[J]. Antonie van
Leeuwenhoek, 1998, 73(1): 127-141
He J Z, Zheng Y, Chen C R, et al. Microbial composition and
diversity of an upland red soil under long-term fertilization
treatments as revealed by culture-dependent and
culture-independent approaches[J]. Journal of Soils and
Sediments, 2008, 8(5): 349-358
Ward D M, Bateson M M, Weller R, et al. Ribosomal RNA



86

2015 23

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

analysis of microorganisms as they occur in nature[J]. Ad-
vances in Microbial Ecology, 1992, 12: 219-286

[J1. ,2006(3): 60-63
Gao Q, Meng X Z, Yu H F. Reason analysis and control

methods of succession cropping obstacle[J]. Shandong
Agricultural Science, 2006(3): 60—63
[J]. , 2000, 31(3): 241-247

Wu F Z, Zhao F Y, Liu Y Y. On the reasons of continuous
cropping obstacles in vegetable facility gardening[J]. Journal
of Northeast Agricultural University, 2000, 31(3): 241-247
Zhou J, Bruns M A, Tiedje ] M. DNA recovery from soils of
diverse composition[J]. Applied and Environmental Micro-
biology, 1996, 62(2): 316-322

, Zhou J Z, Tiedje ] M.

[J1. , 1998, 9(3): 296-300
Xia B C, Zhou J, Tiedje J M. Effect of vegetation on structure
of soil microbial community[J]. Chinese Journal of Applied
Ecology, 1998, 9(3): 296-300
Moreira D. Efficient removal of PCR inhibitors using
agarose-embedded DNA preparations[J]. Nucleic Acids Re-
search, 1998, 26(13): 3309-3310
Weisburg W G, Barns S M, Pelletier D A, et al. 16S ribosomal
DNA amplification for phylogenetic study[J]. Journal of Bac-
teriology, 1991, 173(2): 697-703
Muyzer G, De Waal E C, Uitterlinden A G. Profiling of com-
plex microbial populations by denaturing gradient gel elec-
trophoresis analysis of polymerase chain reaction-amplified
genes coding for 16S rRNA[J]. Applied and Environmental
Microbiology, 1993, 59(3): 695-700
Liang X L, Zhu Y L, Jiang Y J, et al. Diversity of bacterial
communities of pickle by PCR-DGGE[J]. Journal of Chinese
Institute of Food Science and Technology, 2008, 8(3):
133-137
Hill T C J, Walsh K A, Harris J A, et al. Using ecological di-
versity measures with bacterial communities[J]. FEMS Mi-
crobiology Ecology, 2003, 43(1): 1-11
Ge Y, Zhang J B, Zhang L M, et al. Long-term fertilization
regimes affect bacterial community structure and diversity of
an agricultural soil in northern China[J]. Journal of Soils and
Sediments, 2008, 8(1): 43-50
Ndaw S M, Gama-Rodrigues A C, Gama-Rodrigues E F, et al.
Relationships between bacterial diversity, microbial biomass,
and litter quality in soils under different plant covers in
northern Rio de Janeiro State, Brazil[J]. Canadian Journal of
Microbiology, 2009, 55(9): 1089-1095
de Figueiredo D R, Ferreira R V, Cerqueira M, et al. Impact of

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

water quality on bacterioplankton assemblage along Cértima
River Basin (central western Portugal) assessed by PCR-DGGE
and multivariate analysis[J]. Environmental Monitoring and
Assessment, 2012, 184(1): 471-485
Li C G, Li X M, Kong W D, et al. Effect of monoculture soy-
bean on soil microbial community in the Northeast China[J].
Plant and Soil, 2010, 330(1/2): 423433
Zhang X L, Li X, Zhan C G, et al. Ecological risk of long-
term chlorimuron-ethyl application to soil microbial commu-
nity: An in situ investigation in a continuously cropped soy-
bean field in Northeast China[J]. Environmental Science and
Pollution Research, 2011, 18(3): 407-415
Jiang W, Jiang Y T, Li C L, et al. Investigation of supragingi-
val plaque microbiota in different caries status of Chinese
preschool children by denaturing gradient gel electrophore-
sis[J]. Microbial Ecology, 2010, 61(2): 342-352
Graham M H, Haynes R J. Catabolic diversity of soil micro-
bial communities under sugarcane and other land uses esti-
mated by Biolog and substrate-induced respiration methods[J].
Applied Soil Ecology, 2005, 29(2): 155-164
Acosta-Martinez A, Dowd S, Sun Y, et al. Tag-encoded pyro
sequencing analysis of bacterial diversity in a single soil type
as affected by management and land use[J]. Soil Biology and
Biochemistry, 2008, 40(11): 2762-2770
Wang W, Ma Y, Ma X, et al. Seasonal variations of airborne
bacteria in the Mogao Grottoes, Dunhuang, China[J]. Interna-
tional Biodeterioration & Biodegradation, 2010, 64(4):
309-315
Curlevski N J A, Xu Z H, Anderson I C, et al. Diversity of soil
and rhizosphere fungi under Araucaria bidwillii (Bunya pine)
at an Australian tropical montane rainforest site[J]. Fungal
Diversity, 2010, 40(1): 12-22
[J]. , 2012, 23(11):

3079-3086
Meng P P, Liu X, Qiu H Z, et al. Fungal population structure
and its biological effect in rhizosphere soil of continuously
cropped potato[J]. Chinese Journal of Applied Ecology, 2012,
23(11): 3079-3086
R R R T-RFLP

[J1. , 2014, 34(4): 837-846
Yin C M, Wang G S, Li Y Y, et al. Assessment of fungal di-
versity in apple replanted orchard soils by T-RFLP analysis[J].
Acta Ecologica Sinica, 2014, 34(4): 837-846
Zhang Y, Du B H, Jin Z G, et al. Analysis of bacterial com-
munities in rhizosphere soil of healthy and diseased cotton
(Gossypium sp.) at different plant growth stages[J]. Plant and
Soil, 2011, 339(1/2): 447-455




<<
  /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


