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Chlorophyll fluorescence as a tool for evaluation of viability  
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1 – 38010 San Michele all’Adige (TN), Italy 
 
 
Abstract 
 
This study examined the utility of the ratio of variable fluorescence to maximum fluorescence (Fv/Fm) to detect freezing 
injury on buds of two Vitis vinifera cultivars: Pinot noir and Pinot gris. Freezing treatments on buds caused a decrease 
both in Fv/Fm and percentage of budburst, more severely on Pinot gris than Pinot noir, specifically at the lower 
temperature (–20°C). Fv/Fm ratio showed a close correlation with percentage of budburst, and a threshold of the lethal 
Fv/Fm was proposed as an indicator of bud mortality. 
 
Additional key words: bud break; frost damages; maximal photochemical efficiency of PSII; temperature; viability test; woody tissues. 
 
—— 
 
Freezing temperatures can produce severe damage on 
grapevine, due to the wide distribution of this crop. Injury 
by freezing can reduce grape yield, damage vine parts, or 
kill the whole plant. During the dormant period, 
overwintering buds are more susceptible to freezing 
injury than are the canes or trunk (Quamme 1986, Miller 
et al. 1988, Jones et al. 1999). Injury evaluation after a 
freezing event requires a rapid test to determine damage 
prior to bud break, allowing for the growers to adjust 
pruning levels in accordance with bud injury (Fennel 
2004). Use of chlorophyll (Chl) fluorescence yield 
(especially the ratio Fv/Fm) as a method of assessing 
woody tissue viability in grapevine was previously 
reported (Düring et al. 1990, Jiang et al. 1999, Jiang and 
Howell 2002). The objectives of our experiments were 
(1) to evaluate the effect of freezing on buds of two 
grapevine cultivars by means of the Fv/Fm ratio and the 
potential of budburst; and (2) to determine the efficacy of 
chlorophyll fluorescence method for evaluation of 
freezing damage on woody tissue. 

The first experiment was conducted on buds of two 
different grapevine cultivars (Vitis vinifera L., cv. Pinot 
noir and cv. Pinot gris) in a 17-year-old vineyard trained 
to spur cordon and located at the Edmund Mach 
Foundation (Province of Trento, northeastern Italy). In 
the dormant period (early February), nodes 5 through 10  
 

from the base of several canes were cut and sealed in 
plastic bags of 40 nodes each one. Cuttings were placed 
in freezing chambers at –15 and –20°C (75% R.H.) for 
24, 48, and 72 hours and 7, 14, and 17 days; at the same 
times cuttings placed at +20°C were referred to as 
control. Both treated and control samples were kept in 
darkness during the whole time of the experiment. In 
each freezing time, nodes of both cultivars were extracted 
from freezing chambers for Chl fluorescence analysis  
(n = 20) and percentage of budburst evaluation (n = 20). 
In the second experiment nodes of both cultivars were cut 
every 3–4 days from 27 March till 21 April, (date of 
natural budburst: 19 and 21 April for Pinot gris and Pinot 
noir, respectively), and immediately used for Chl 
fluorescence yield and budburst analyses. Moreover, buds 
cut in the first ten days of April were also placed in 
freezing chambers at –12°C for 72 h. At the end of 
freezing treatment Chl fluorescence yield and percentage 
of budburst were assessed. Chl fluorescence yield was 
measured on dissected buds, placed in the clips, using a 
PAM 2000 fluorometer (Walz, Effeltrich, Germany). 
Minimum fluorescence (Fo) was measured by switching 
on the modulated light 0.6 kHz; photosynthetic photon 
flux density (PPFD) was less than 0.1 μmol  
m–2 s–1 at the internal bud surface. Maximum fluo-
rescence (Fm) was measured at 20 kHz with 1 pulse of  
 

——— 
Received 24 June 2009, accepted 5 February 2010. 
+Author for correspondence; fax: +39 0461 650956, e-mail: luca.zulini@iasma.it 
Abbreviations: Chl – chlorophyll; Fo – minimal fluorescence of dark-adapted state; Fm – maximal fluorescence of dark-adapted state; 
Fv – variable fluorescence; Fv/Fm – maximal quantum yield of PSII photochemistry. 



L. ZULINI et al. 

318 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Effect of freeze stress duration 
in darkness on buds of V. vinifera L. 
cv. Pinot noir (A) percentage of 
budburst, (B) Fv/Fm and of V. vinifera
L. cv. Pinot gris (C) percentage of 
budburst, (D) Fv/Fm. (0 h: 2 February, 
17 d: 19 February). Means ± SE, 
n = 20. 

 
6,000 μmol m–2 s–1 of white light (duration of pulse 
0.8 s). PAM measurements were performed in the 
darkness at a room temperature, one hour after removing 
the samples from freezing chambers. Percentage of 
budburst was assessed by planting the cuttings in 
substrate of rockwool Grodan® Macroplugs (Grodan BV, 
Roermond, The Netherlands) placed in a growth chamber 
at 25°C and 70% R.H., break of bud dormancy was 
checked. Data were subjected to one-way ANOVA using 
SPSS 17 (SPSS, Chicago, USA). Pearson correlation 
coefficient was calculated between Fv/Fm ratio and the 
percentage of budburst. 

The results of the first experiment revealed a higher 
sensitivity of Pinot gris than Pinot noir to the freezing 
treatment on dormant buds, specifically at the lower 
temperature (–20°C). In both Pinot noir and Pinot gris, 
the percentage of budburst was never lower than 85%  
at –15°C at all times of the trial (Fig. 1A,C). Fv/Fm 
measured on dissected buds was also slightly affected by 
this temperature (Fig. 1B,D), reaching the lower values at 
17 days of treatment with 0.492 and 0.435 for Pinot noir 
and Pinot gris, respectively. The treatment at –20°C 
instead caused severe damages on buds of both cultivars 
even much more intensively on Pinot gris. This 
temperature caused a decrease in the percentage of 
budburst on buds of Pinot noir starting from 10 days of 
treatment (80% at 10 and 14 days, 40% at 17 days), 
whereas Fv/Fm shows a quite slightly decrease during the 
–20°C treatment (Fig. 1A,B) with the final point on the 
same value of –15°C treatment (0.484 and 0.492 at –20 
and –15°C, respectively). Pinot gris buds were affected 
by the treatment at –20°C starting from 48 h as indicated 
by a significant decline of both budburst percentage and 

Fv/Fm. At the faster decrease of percentage of budburst 
(80% at 48, 60% at 72 h and 0% at remaining times) 
corresponds a similar decrease in the Fv/Fm ratio  
(Fig. 1C,D), and in correspondence of values 0 in the 
percentage of budburst, Fv/Fm values were 0.314 to 0.356. 
As also reported by Jang et al. (1999), when the 
temperature decreased after a certain freeze-stress 
temperature (–20°C in our work), Fv/Fm decreased 
greatly, indicating a decreased photochemical efficiency 
of photosystem II. Moreover, the absence of budburst 
from 7 days at –20°C treatment might indicate a high 
level of a damage in the woody tissues or their death 
status. Control samples show a slight increase of Fv/Fm 
ratio during the whole experiment. This is probably due 
to the control temperature of 20°C that was higher than 
the corresponding vineyard temperature in February. 

In the second experiment, buds were cut close to  
a natural bud break revealing 100% of percentage of 
budburst in each time (except once) for both cultivars 
(Table 1). Corresponding values of Fv/Fm are very close 
to 0.700 which would suggest that this value shows  
a status of complete reactivation of buds, also considering 
that in buds of both cultivars cut on 31 January and 27 
February, the Fv/Fm values were about 0.530 and about 
0.585, respectively (data not shown), with 100% of 
budburst (under forcing conditions). The low increase of 
Fv/Fm was probably caused by an increase of the day 
mean temperature and higher irradiance. A similar trend 
in Fv/Fm on grapevine woody tissues over the dormant 
season has been found by Jiang and Howell (2002). 
Freezing treatment (–12°C for 72 h), performed on buds 
cut during the first ten days of April, caused severe 
damages (Table 2) on both cultivars: none of the buds 
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Table 1. Fv/Fm and percentage of budburst measured on buds of V. vinifera L. cv. Pinot noir and cv. Pinot gris, close to the time of 
natural bud break (19 to 21 April). Means ± SE, n = 20. 
 

Pinot noir Pinot gris Date 
Fv/Fm Budburst [%] Fv/Fm Budburst [%]

27/03 0.651 ± 0.004 100 0.681 ± 0.004   97 
03/04 0.686 ± 0.005 100 0.699 ± 0.006 100 
06/04 0.688 ± 0.004 100 0.680 ± 0.008 100 
10/04 0.695 ± 0.005 100 0.693 ± 0.007 100 
14/04 0.699 ± 0.002 100 0.700 ± 0.004 100 
18/04 0.710 ± 0.003 100 0.708 ± 0.004 100 
21/04 0.714 ± 0.005 100 0.717 ± 0.003 100 

 
Table 2. Effect of freeze stress (–12°C for 72 h), on Fv/Fm and the percentage of the budburst, of V. vinifera L. cv. Pinot noir and  
cv. Pinot gris, applied close to the time of the natural bud break (19 to 21 April),. Values measured before the freeze treatment are 
reported in Table 1 at the corresponding dates. Means ± SE, n = 20. 
 

Pinot noir Pinot gris Date 
Fv/Fm Budburst [%] Fv/Fm Budburst [%] 

03/04 0.189 ± 0.013 0 0.161 ± 0.012 0 
06/04 0.226 ± 0.018 0 0.176 ± 0.015 0 
10/04 0.234 ± 0.016 0 0.212 ± 0.019 0 

 
burst and Fv/Fm was 0.189 to 0.234 and 0.161 to 0.212 for 
Pinot noir and Pinot gris, respectively, confirming the 
high sensitivity to cold, near the bud-break time. 

The correlation between Fv/Fm and percentage of the 
budburst was calculated using all the data and treatments 
from both two experiments. Fv/Fm ratio revealed a strong 
correlation with the percentage of the budburst and 
Pearson’s correlation was 0.866 (p=0.000). If we consider 
that below the Fv/Fm value of 0.428 there was no budburst 
and the higher Fv/Fm value found in the complete 
damaged buds (no bud break) was 0.357, we hypothe-
sized that the possible threshold for bud mortality is 
about 0.400. 

In conclusion, our work demonstrates that under 
severe freeze treatment on buds cut in mid-winter, 
grapevine cultivar Pinot gris is more sensitive than Pinot 
noir in terms both of budburst and photochemical 
efficiency measured on woody tissues. On the other hand, 
freeze treatment of lower intensity causes severe damages 
on buds cut 2 weeks before the natural bud break in 
vineyard, and no differences were found among cultivars. 
The Fv/Fm ratio was shown to be an objective tool to 
determine mortality of buds due to frost injury. However, 
further works are needed to assess a more accurate 
threshold for tissues mortality. 

 
References 
 
Düring, H., Ortoidze, T.V., Bushnell, B.: Effects of subzero 

temperatures on chlorophyll fluorescence of grapevines buds. 
– J. Plant Physiol. 136: 758-760, 1990. 

Fennell, A.: Freezing tolerance and injury in grapevines. – J. 
Crop Improvement 10: 201-235, 2004. 

Jiang, H.Y., Howell, G.S., Flore, J.A.: Efficacy of chlorophyll 
fluorescence as a viability test for freeze-stressed woody 
grape tissues. – Can. J. Plant Sci. 79: 401-409, 1999. 

Jiang, H.Y., Howell, S.G.: Applying chlorophyll fluorescence 
technique to cold hardiness of grapevines. – Am. J. Enol. 

Vitic. 53: 210-217, 2002. 
Jones, K.S., Paroschy, J., McKersie, B.D., Bowley, S.R.: 

Carbohydrate composition and freezing tolerance of canes and 
buds in Vitis vinifera. – J. Plant Physiol. 155: 101-106, 1999. 

Miller, D.P, Howell, G.S., Striegler, R.K.: Cane and bud 
hardiness of selected grapevine rootstocks. – Am. J. Enol. 
Vitic. 39: 55-59, 1988. 

Quamme, H.A.: Use of thermal-analysis to measure freezing 
resistance of grape buds. – Can. J. Plant Sci. 66: 945-952, 
1986. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.12667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.12667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 600
  /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>
    /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.)
    /CZE <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


