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Table 1 Soil pH and organic matter influenced by long-term

rain-fed agriculture (
[17]
pH (¢/ kg) )
829+0.14b 14.79£0.54 a
8.32+0.05b 14.24 £ 0.59 ab /
8.68 £0.04 a 13.38 £ 0.27 be
8.27+0.05b 1230+ 1.23 ¢
+ (18]
P<0.05
Zak " 10
pH[15] 50
pH pH 10 ~ 40 22
2.2
pH
(1 24%
pH 36% ~ 106% 48% ~ 149%
71% ~ 85% 4
pHI'* (2
pH 4
x2 KHRMFNTIREEE LRI
Table 2 Effects of long-term rain-fed agriculture on enzymatic activities
(glucose, mg/(kg-d)) (TPF, mg/(kg-d)) (NH3-N, mg/(kg-d)) (phenol, mg/(kg-h))
23034.7+17134a 9.0£05b 840.0+17.7a 77.85+344a
22208.6 £755.0 a 11.2+1.0a 8222+364a 84.42+4.15a
16276.1 £388.8 b 61+19c¢ 657.7+33.1a 77.69 £4.57 a
11 183.0+£1053.0¢ 45+0.7c¢ 829.2+£213.0a 4553+6.95b
72 h 9% h AWCD
3 ( Shannon Simpson
16 Mclntosh ) 4 ( 3
l4r
e T
12 —=—{E550
(201 a e i
g LT et
& 08F
€D ?i 0.6
2. 5
3 g 0.4}
1
(AWCD) 96 h 021 g
O 1 1 1 1 1 1 J
AWCD 144 h 24 48 72 96 120 144 168
AWCD IR ] (h)
AWCD 1 MBS T R S B A B ZE

Fig. 1 Kinetics of average well colour development (AWCD) of soil
48 h microbial communities
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Table 3 Average well-color development(AWCD), functional diversity indexes of soil microbial community

AWCD

Shannon

Simpson

Mclntosh

0.985+0.074 a
1.013 £0.064 a
0.888 £0.110 a
0.858 £0.104 a

3.076 £0.084 a
3.093+0.038 a
3.126 £0.033 a
3.126 £0.029 a

0.961 £0.001 a
0.961 £0.001 a
0.958 £0.001 a
0.958 £0.003 a

6.022 £0.395a
6.164 £0.355a
5.616 £0.559a
5429+0484a

4
4 (2
- PC1
(4
Yang B Grayston %!
Biolog
3
22]
3 24]
Biolog AWCD
(G
24
4
4
AWCD
( 1 3) AWCD 3
« 3
PC1 PC2
40.8% 34.1% 74.9% pH
PCl1 PC2
2.0
PC2
(34.14%)
15
1P
8k | s
: : % : ' :
-15 -1.0 —0p WM 05 1.0 15 2.0
PCI
-5 I . (40.82%)
4 I JiL
-1.0
-15
B2 TEEEDREFBFERERS S (PCA)

Fig.2 Principal component analysis (PCA) of carbon utilization of soil microbial community

3
PC2
3
AWCD 3
PC1
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Table 4 Coefficients of correlation between various carbon sources Hu [25]
and PC1 and PC2
PC1 PC2
0.251 0.918%** (
0339 0352 ) Zhao U
0.926** 0.245
—-0.035 —0.042
[25-26]
0.05 0.106
0.23 0.221
ok P<0.01
x5 TBEUEFMER. BEEURMEMIENRES HFIEZBMEERXRE
Table 5 Correlation coefficients between soil chemical properties, enzyme activities and Biolog (96 h)
pH AWCD  Shannon Simpson MclIntosh
—-0.017 1
—-0.173 0.731%** 1
-0.327  0.619* 0.862%* 1
—-0.628%* 0.529* 0.729**  0.804** 1
0.254 0.627**  0.816%* 0.664** 0.386 1
AWCD -0.167  0.794** 0.574 0.609* 0.610* 0.531 1
Shannon -0.280  0.654* 0.549 0.572 0.596* 0.469 0.873** 1
Simpson -0.269  0.704* 0.591* 0.620* 0.620* 0.516 0.890** 0.995%** 1
Mclntosh -0.117 0.799**  0.539 0.569 0.575 0.515 0.988** 0.792%* 0.813%** 1
PC1 0.588*  0.363 0.014 -0.074 -0.190 0.184 0.482 0.292 0.281 0.528
PC2 -0.412 0.297 —-0.051 0.067 0.352 —-0.094 0.521 0.629* 0.624* 0.468
ok P<0.01 * P<0.05
( PC1 pH
2)  AWCD ( 5
« 3
Biolog Niklinska B!
Biolog
pH
Yan 7! Biolog
Chodak  [** 35 mg/kg Niklinska B!
105.6 mg/kg Biolog pH Biolog
pH PC1
pH
4 (8.27 ~ 8.68 1) Niklinska B pH
105.6 mg/kg( 3.0 ~ 6.6 2.3
399 365 264 146 mg/kg)
AWCD 3
Biolog 2 pH
31 [24]

[29]

[30]

pH
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Effects of Long-term Rain-fed Agriculture on Soil Enzyme Activities
and Microbial Functional Diversity in Fluvor Aquic Soil

SONG Mei" %, ZHAO Bing-zi'"

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), State
Experimental Station of Agro-Ecosystem in Fengqiu, Nanjing 210008, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: With aggravating water shortage in North China, rain-fed agriculture will become one of the trends of local food
production. Therefore clarifying rain-fed agriculture effect on soil quality can provide a basis to estimate the change of crop yield.
This study investigated soil enzyme activities and microbial functional diversities between long-term rain-fed farmland and
traditional irrigated farmland and compared with nearby wasteland and woodland under four kinds of land use types of fluvor
aquic soil in Fengqiu County, Henan Province. The dehydrogenase activity in rain-fed farmland decreased by 24% compared to
irrigated farmland, however, the invertase, urease, alkaline phosphatase activities did not significantly differ from each other
(P>0.05) and was higher than woodland and wasteland by 36% — 149%. There were no significant differences in Biolog
parameters including average well-color development and functional diversity indexes of soil microbial community. But the
principal component analysis indicated that the ability of carbon source utilization in rain-fed farmland was close to irrigated
farmland and woodland, but was greatly different from wasteland. The difference mainly attributed to different use of carboxylic
acids and amino acids, which was probably related to higher pH in wasteland, as well as carboxylic acids and amino acids
excreted from roots in rain-fed farmland, irrigated farmland and woodland. The results demonstrated that little change in soil
enzyme activities and microbial functional diversity after 16 years’ rain-fed agriculture in fluvor aquic soil, indicating the
feasibility of local rain-fed agriculture in the perspective of soil quality change.

Key words: Long-term rain-fed farmland, Soil enzyme activities, Biolog, AWCD, Microbial functional diversity




<<
  /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


