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Table 1. ANOVA of the 6 leaves’ chlorophyll fluorescence parameters of 4 growth days of 12 sweet pepper genotype
plants grown under 27/22°C (day/night)

Source of Mean squares of different parameters *

variation df Fo Fv/Fm Fm OPSTI qN Fm’
Replication 2 0.00079* 0.00024* 0.00106 0.00091 0.00026 0.05645
Growing time (T) 3 0.00367** 0.00769** 0.13956** 0.09360** 0.00336** 0.15123
Genotype (G) 11 0.00312** 0.00038** 0.05488** 0.00410** 0.00092** 0.04898
TxG 33 0.00025 0.00009 0.00538** 0.00309** 0.00067** 0.06503
Error 96 0.00023 0.00007 0.00277 0.00041 0.00016 0.06141

* Fo: Minimal fluorescence; Fv/Fm: Maximal quantum efficiency of PSTI photochemistry; Fm: Maximall fluorescence; ®PSII:
Effective quantum yield of PSII reaction centers; qN: non-photochemical quenching coefficient; Fm’: Maximal fluorescence of
light-adapted.

*, ** significant at 5% and 1% level, respectively.
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Table 2. Comparison of the leaves’ chlorophyll fluorescence of Fo and Fv/Fm among 12 genotypes of sweet pepper
plants grown under 27/22°C (day/night)

Genotype Fo Fv/Fm
C01184 0.340£0.007 a* 0.789 £ 0.004 cd
C02080 0.285+0.005 d 0.804 +0.004 a
PS38 0.295+0.010 cd 0.788 £ 0.007 de
CO00611A 0.317£0.005 b 0.792 £ 0.003 bed
C00947 0.309 £0.005 b 0.787 £ 0.005 de
C03338B 0.307 £ 0.004 be 0.790 £ 0.005 cd
C01336 0.294 £ 0.004 d 0.789 £ 0.004 cd
C05464A 0.288 £ 0.004 d 0.796 + 0.004 be
TC06979 0.287 £ 0.002 d 0.789 + 0.004 cde
RB102 0.290 £ 0.005 d 0.800 + 0.003 ab
KC104 0.296 £ 0.003 cd 0.789 +0.005 cd

Beauty Star

0.314+£0.003 b

0.782 £ 0.005 e

“ Values are Mean =+ standard error (n = 12).
at 5% level.

Means followed by the same letters within each column are not significantly different
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Table 3. Comparison of the leaves’ Fo chlorophyll fluorescence among four growth days of 7 genotypes of sweet

pepper plants grown under 27/22°C  (day/night)

Genotype
Days after
sowing C02080 PS38 C01336 C05464A TC06979 RB102 KC104
55 0.283+0.008a” 0.293 £0.006a 0.294 +0.000ab 0.279 +0.010b 0.285+0.005a  0.286+0.006 b  0.291 + 0.005 ab
62 0.301 £0.009a 0.312+0.039a 0.307+0.007a 0.306+0.005a 0.290+0.003a 0.310+0.010 a  0.305+0.003 a
65 0.279+0.013a 0.274+0.007a 0.281 £0.006b 0.279 +£0.005b 0.286 +0.003a 0.277+0.010 b 0.287+0.005 b
68 0.279+0.004a 0.301£0.011a 0.295+0.006ab 0.287 + 0.007ab 0.287 £ 0.006a  0.287 +0.002 ab 0.300 + 0.003 ab

“ Values are Mean = standard error (n = 3). Means followed by the same letters within each column are not significantly different

at 5% level.
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Table 4. Comparison of the leaves’ Fv/Fm chlorophyll fluorescence among 4 growth days of 3 genotypes of sweet

pepper plants grown under 27/22°C (day/night)

Genotype
Days after sowing C02080 C05464A RB102
55 0.801 + 0.002 ab 0.796 % 0.003 a 0.792 % 0.002 ¢
62 0.788 + 0.008 b 0.776 + 0.005 b 0.784 + 0.002 d
65 0.815+0.002a* 0.808 + 0.004 a 0.811+0.001 a
68 0.810+0.003 a 0.802 % 0.003 a 0.803 = 0.003 b

“ Values are Mean = standard error (n = 3). Means followed by the same letters within each column are not significantly different

at 5% level.
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‘C00947° ‘CO1184° ‘C01336°

‘P38’ ‘CO5464A° “TC06979

‘RB102’ ‘KC104° ‘Beauty Star’

‘CO0611A ‘C02080° ‘C03338B’

1. FOLRAREREILE 12 (EEHT R B0 24 /INRRR - AEEH ERVTER B BB E A R IETE -
Fig. 1. Pollen germination and pollen tube growth were investigated by fluorescent microscopy after 24 h pollination
within 12 lines of bell pepper (Both pistil and pollen grains were derived from plants growing at 27/22°C regime).
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Table 5. ANOVA of the 6 leaves’ chlorophyll fluorescence parameters of 4 growth days of 6 sweet pepper genotypes
plants grown under 33/22°C (day/night)

Mean squares of different parameters *

Source of variation df Fo” Fv/Fm Fm OPSTI qN Fm’
Replication 2 0.00003 0.00011* 0.00408 0.00307* 0.00088 0.00084*
Growing time (T) 3 0.00144** 0.00088** 0.08876** 0.05511** 0.00707** 0.02961**
Genotype (G) 5 0.00087** 0.00013** 0.02279** 0.00993** 0.00010 0.00418**
TxG 15 0.00011 0.00003 0.00104 0.00315%* 0.00086* 0.00065%*
Error 48 0.00006 0.00003 0.00218 0.00080 0.00040 0.00022

“ Fo: Minimal fluorescence; Fv/Fm: Maximal quantum efficiency of PSII photochemistry; Fm: Maximall fluorescence; ®PSII:
Effective quantum yield of PSII reaction centers; qN: non-photochemical quenching coefficient; Fm’: Maximal fluorescence of
light-adapted.

* ** significant at 5% and 1% level, respectively.
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Table 6. Comparison of the leaves’ chlorophyll fluorescence of Fo, Fv/Fm and Fm among 6 genotypes of sweet
pepper plants grown under 33/22°C  (day/night)

Genotye Fo Fv/Fm Fm
C01184 0.297 +0.003 a”* 0.801 +0.002 ¢ 1.493+0.023 a
C02080 0.276 + 0.003 cd 0.808 +0.001 a 1.440 +0.021 be
CO00611A 0.284 +0.004 b 0.806 + 0.002 ab 1.465 +0.021 ab
C00947 0.283 £ 0.002 be 0.803 + 0.002 be 1.433+0.021 ¢
TC06979 0.272+0.003 d 0.801+0.003 ¢ 1.365+0.022d
Beauty Star 0.283 +0.004 b 0.800 + 0.003 ¢ 1.417+0.024 ¢

“ Values are Mean =+ standard error (n = 12). Means followed by the same letters within each column are not significantly different
at 5% level.
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Table 7. Comparison of the leaves’ Fo chlorophyll fluorescence among 4 growth days of 3 genotypes of sweet
pepper plants grown under 33/22°C (day/night)

Genotype
Days after sowing 02080 TC06979 C00947
55 0.264 + 0.006 b* 0.268 +0.001 b 0.282+0.004 a
62 0.269 £ 0.003 b 0.271+0.002 b 0.281+0.008 a
65 0.283+0.001 a 0.261 +0.006 b 0.282+0.004 a
68 0.289 +0.004 a 0.287 +0.001 a 0.286 + 0.005 a

“ Values are Mean = standard error (n = 3). Means followed by the same letters within each column are not significantly different
at 5% level.
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Table 8. Comparison of the leaves’ Fv/Fm chlorophyll fluorescence among 4 growth days of 3 genotypes of sweet
pepper plants grown under 33/22°C (day/night)

Genotype
Days after sowing 02080 CO0611A 00947
55 0.805 + 0.001 b” 0.801 + 0.004 b 0.794 +0.002 ¢
62 0.808 £ 0.001 b 0.808 + 0.002 ab 0.801  0.003 be
65 0.814+0.001 a 0.815+0.002 a 0.813+0.001 a
68 0.804 £ 0.003 b 0.802 +0.003 b 0.802+0.003 b

 Values are Mean =+ standard error (n=3). Means followed by the same letters within each column are not significantly different at
5% level.
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Table 9. Comparison of the leaves’ Fm chlorophyll fluorescence between 4 growth days of 3 genotypes of sweet
pepper plant grown under 33/22°C (day/night)

Genotype
Days after sowing C02080 CO0611A C01184
55 1.356 £0.032 b* 1.377+0.022 b 1.400£0.048 b
62 1.402 £ 0.009 b 1.450 + 0.036 ab 1.470 + 0.033 ab
65 1.526 +£0.011 a 1.520+0.014 a 1.564+0.017 a
68 1.476 £ 0.007 a 1.511+£0.036 a 1.537+0.012 a

* Values are Mean + standard error (n = 3). Means followed by the same letters within each column are not significantly different
at 5% level.
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RIAER - TAEEE B B9 b BN 24 R < B
B2 DIENTMERE B G AR FHEEAT - iR Fo Bl
Fv/Fm fERREEHZ 28 > MR A7 HiE
# (Costa et al. 2003; Sinsawat et al. 2004; Wen
et al. 2005) JREWVIEZE © $£5¢ Fo Bl Fv/Fm
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B 0 K] 5-20 435) L EEE - R ER
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Z—HEEIRE R E -

FR R IR & H L Bk R R OE AT IR
A ARWFFEAS SRR - ARA B R B TR
RENE - IRAFREBHUETIAZR - H
ZYWEMEAE 28R (R 1K 5)  DIAER
J&AF A Fo B Fv/Fm 228071 5 > i dRAH
(27/22°C) BURE 33/22°CEnf R - B LIRE
1% 65 RIEATE MRS » (HEETE kK
HOIRFRI S AAHIE] - EREREE T DA% 62
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al. 2003) HigH > HYHEELEREALTE
4 RBEEGE AL A EEREAL - LREE A B
R A U P B+ B 1A 2 B B B
ZAEBEE > UHSHEHREBURAITE - It
A2 GG T T B R R i A A A T 24
MBI W 2 Y 0 B2 AR E B NE
2 AL - BAIIERE R - iR 65 RIER
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VE Rl 2R B B - RS e AR 24
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Fig. 2. Pollen germination and pollen tube growth were investigated by fluorescent microscopy after 24 h pollination
within 5 lines of bell pepper. (A: The pistil and pollen grains were derived from plants growing at 27/22°C and
33/22°C, respectively. B: The pistil and pollen grains were derived from plants growing at 33/22°C and 27/22°C,
respectively).
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Heat Tolerance Evaluation of Sweet Pepper by Chlorophyll

Fluorescence Assessment and Effective Pollination’
Jau-Yueh Wang”* and Meng-Jiau Tseng®

Abstract

Wang, J. Y. and M. J. Tseng. 2010. Heat tolerance evaluation of sweet pepper by chlorophyll fluorescence
assessment and effective pollination. J. Taiwan Agric. Res. 59:237-248.

Chlorophyll fluorescence is a subtle reflection of primary photosynthesis reaction; it is a non-invasive
method for estimating the photosynthesis performance. The photosynthetic activities of 12 lines of
sweet pepper were investigated under suitable temperature (27/22°C) and high temperature (33/22°C)
environments. These were six heat tolerant lines of bell type and three paprika types, and heat
susceptible lines of two bell types and one commercial cultivar. At suitable temperature regime, the heat
tolerant lines of ‘C02080 ’and ‘RB102’ showed higher efficiency of PSII among 12 lines based on the
chlorophyll fluorescence parameters of Fv/Fm (Maximal quantum efficiency of PSII photochemistry).
While under high temperature, the heat tolerant lines of ‘C02080’ and ‘C00611A’ had better efficiency of
PSIl by Fv/Fm parameters. Furthermore, the observations through fluorescence microscope revealed
that high temperature stunted pollen tube growth except heat tolerant lines of ‘C02080° and ‘C00611A”°,
while all stigmatic receptivity remained unaffected. In summary, both of chlorophyll fluorescence
analysis and effective pollination elucidated showed that ‘C02080° and ‘C00611A’ had better
performance under heat stress. From these consistent physiological estimations, it suggested that
chlorophyll fluorescence analysis would be benefit as a convenient method for heat tolerance evaluation
in field for sweet pepper.

Key words: Chlorophyll fluorescence, Pollen tube growth, Heat tolerance, Sweet pepper.

1. Contribution No. 2428 from Taiwan Agricultural Research Institute (TARI), Council of Agriculture.
Accepted: November 29, 2010.

2. Assistant Horticulturist, Biotechnology Division, TARI, Taichung, Taiwan, ROC.

3. Professor, Department of Horticulture Science, National Chung Hsing University, Taichung, Taiwan, ROC.

4. Corresponding author, e-mail: jywang@tari.gov.tw; Fax: (04)23302806.




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 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 ()
  /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 <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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


