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Relationship between the concentration of dissolved inorganic nitrogen (DIN) and the annual yield of

nori Pyropia during the harvest season in Harima-nada, off Hyogo Prefecture

Kazuhiro HARADA”"

The influence of the decreasing DIN concentration on nori production in Harima-nada, eastern Seto Inland Sea, off

Hyogo Prefecture, was assessed by analyzing the data of oceanographic observations and annual nori yields from 1980 to

2012. There is a correlative relationship between the average DIN concentration during the main harvest season of nori

culture (from Dec. to Mar.) and the annual nori yield in Harima-nada(» = 0.60, P<0.01). This result suggests that the

decreasing DIN concentration is closely related to the recent bad harvests of nori culture in Harima-nada.
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Fig. 1. Location of sampling stations in Harima-nada.
Closed circles indicate the sampling stations.
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Fig. 2. Long-term changes in DIN concentration during the
main harvest season of nori culture (from Dec. to Mar.) and
the annual nori yield (from Dec. to May) in Harima-nada.
DIN concentration and annual nori yield are represented as
3-year moving averages.
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Fig. 3. Relationship between the annual number of nori
sheets production and the annual nori yield (from Dec. to
May) in Harima-nada, from Dec. 1980 to May 2012.
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Fig. 4. Relationship between the average DIN concentration
in Harima-nada during the main harvest season of nori
culture (from Dec. to Mar.) and the annual nori yield from
Dec. 1980 to May 2012.

z =
FEEEMEC 31T 5 2 H o DIN #JE723 3 umol/L % Rl
D X 9ot 2000 FEEA B, MEHKIC T D%
FH ) APERISEICBWT, RER VEEET DD
ENEIBITEF L oo 2 &AL, S BICFEIKEHID
LIS, V) EEAEFEH 2RO DIN b —JBRIREIC
ST N, EHE U AERMORTIZEEL TWD &
Ex bz, #E U AEEREIL, REHSOMERO
EREIZ L s THREBEZ T D B2 6N, A
Bt KOO E 2 KT 28 ThH Y, HEEK
BELHERROLNDL Z E0D, HEBORME Y
OEFEFM A RTIRIREIC D B D, SREIOME
Prizds e, RREEWE (BRI o> DIN JREE & 250
J VAEEBEICEER EOMBENED bz Z &I
DIN JRE DR T, &l U OARERELTND
TLEERLTWD EZBZ bz, S HIT, HEMTIX
DIN B DIK T IZABH /U ORI B, A pE IR
T&OEMELRBRIN TS (KKH - JRH 2012),
FREEWED DIN JEEEAENE, MmCrE o B aan (R
M - KH 2011a) W2 bOBFEAW R (FH - K
M 2011b) & OREMEA RIS DA DD, FMEK
(R 5 2005, FH - B 2006) LEIED S OFEH, (1

(e 1998, [LAS 1998, (LA 2008) & DORALR L HEHE
ENTWVWG, 5%YIal—ia  EFLVEDFEL

D, BENIHGZH5FEROFGLEEHLNICL, #
BEEORBEIREOH Y HERFT HLERH S, &
7o, FREEMHZIST DA BN N OER A R 5
72, BEEVEASRIR STV B SRR & DT b
SHIZHED DUERD D,

Fio, BEMICRITL2EM ) U OREICONTIES
[EfiF AT L 7= DIN DR T DI1ED, MEAKIRO B2 6
WA TRIZBIT D KIBETORELHEL TVD &
Bz oi, i) OERFIERLENMREEICET
DIRETHAAT L CTHED DMERH A D,

B

SR ST ROK BE IR B v F — K EE AT &
V=TI, 1973 FENDEA 1 O R ERTRAED
ASHETHE SN TEY, AREICHZ>TUEEDOT
— B EEKIER SECIHW-, ThE CHEICED-
B 7 5 NS EM B O ERRICE EH o=
ERLUET, £z, B VICET L7 —F % Tt
W Tl IR EH R A E G = ORI L £
R

X

JREFEL - KHE # (2011a) IBEBE ORI ESR
(DIN) O EEZE BN I Mk Bk L OBl A fiy
DR, bl K EAR i OKPERR) , 42, 83-86.

JREFISL « )KH B (2011b) #1175 O &R A M R
(LB OV FRE B2 32 (DIN) JREA B
25 BB SR K ER R R UK PERR) , 42, 87-91.

BaoE - FARS - BAIER (2008) AL
LRI D VEARD LIRGERTEOLE. KERTE
#F9E, 72, 107-112.

FFEREE - B HE (2006) WS NHEICAEIES D K



10 SR IRST RMOKERANTR & o & —FEHE UKPERR) % 43 5 (2013)

PERIRD Y o - 3R, IR/FIETEATE, 43, 119-127.

Pl - HEF B - EHAR— (1998) HFRUBHIO
B BRI\ 30 1T 2 AR VA H B B PE /KRS
#, 31, 33-43.

K HFR— - A ARES - PRI - BR AR - B
(2001) EAEOREEREEZE /U RGO R AR
R TLEUKERITER, 36, 59-73.

R SEpE - HKH— - ARMEL (2005) WA RIEIC S
T DBREDORINEE). RIS , 43, 45-50.

SCHEE - RGN (2012) WS NMEHCE (FE )
DIRAEEREE &6, &Y, 199, 132-141.

BAREE (2009) BHARIZEIT D /Y 358 & RasliRss

MXEE

DBUR. WEE LA, 181, 141-145.

BRER - BAGI I B A% - PR (2005)
TR IT A RBEREEOLLE /U BHHIBZED
R, MR & B, 158, 238-245

SRR (2009) /U FEHE & ERERARI - AR, WEVE
&, 181, 112-117.

AR - /8 16 - FEAR - RIS B - d0A 8 5E
(1998) AT NTRIEIE 2> B OVE {7 SRR F B &
QU EHEORETH V. OB, 7, 151-158.

AR (2008) W= PIIEIE/NH D Y >« RO
. RS PNMEOWRIEEREE ) (B0 PTHERR), TEEH
JEAR, O, 61-75.

1980~2012 4FDOWFEFEBIAIE RS L O 7 U A FEREE AT, FREE (R RMER) ORFie iz (DIN)
BERTIC L 220 UV AEE~ORBERNT Uz, 2 Y O E8AREN (12~3 A) (281} 5 #%E#Eo0 F-) DIN
REEIL, MEERMI ORI, U AR S AR EOHBENEO b (r = 060, P<0.01), ZOREND, #HE
HECIE DINREDIK T &8I U OARRICEBERBEEMED B D Z L AVRR S iz,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 300
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


