
Introduction

Deciduous fruit trees usually enter dormancy during the winter,
affording the trees better survival under low temperature
conditions. To begin the next year’s growth flush in spring, trees
need to be exposed to a chilling period. This period is variable
for each species and cultivar (Petri et al. 1996).

The principal apple cultivars grown in Brazil, namely Gala
and Fuji, do not meet their full chilling requirements (Petri
1997), even at the higher elevations of the southern region (Iuchi
et al. 2002). Therefore, the use of chemicals for breaking bud
dormancy is essential.

Many compounds have an effect on bud dormancy release.
These compounds include mineral oil (MO), hydrogen
cyanamide (H2CN2), dinitro-o-cresol, calcium cyanamide and
thidiazuron. Presently, however, only MO and H2CN2 are
recommended for sprouting induction of deciduous fruit trees in
Brazil (Petri et al. 2002). Similarly, H2CN2 is used in other
countries. In 2001, an estimated 112491 kg were used in
California and 36287 kg were used in Italy, primarily on grapes
(Settimi et al. 2005).

Increasing restrictions on the use of synthetic substances in
orchards, as recommended by groups supporting sustainable
systems (e.g. Integrated Fruit Production and Organic Fruit
Production), means the lack of alternatives for inducing bud
dormancy break of deciduous fruit trees, may become an
important limitation for deciduous fruit production in warm
climate regions (McArtney and Walker 2004).

Another issue of concern is the toxicity of H2CN2. Adverse
health effects from contact with H2CN2 include severe irritation
and ulceration of the eyes, skin and respiratory tract, in addition

to causing acetaldehyde syndrome (Settimi et al. 2005). The
USA Environmental Protection Agency classifies this
compound in the highest toxicity category (category I); it is
currently under regulatory review by European Union
authorities (Settimi et al. 2005).

In searching for alternatives that could be used to induce
early budbreak, Kubota and Miyamuki (1992) reported that
garlic paste applied to cane cut surfaces of ‘Muscat of
Alexandria’ grapevines immediately after pruning was more
efficient than calcium cyanamide. Satisfactory results were also
obtained by using 20% garlic oil in ‘Pione’ and ‘Thompson
Seedless’ grapevines (Kubota et al. 2000). In ‘Santa Rosa’ plum
trees, mixtures of 4% MO and 2, 4 or 8% garlic extract (GE)
were effective for releasing bud dormancy (Sanchez 1992).
According to Kubota et al. (1999), the active substances in
garlic responsible for breaking bud dormancy are volatile
compounds containing sulfur and an allyl group, such as diallyl
mono-, di- and tri-sulfides.

The purpose of the present study was to compare the effects
of using GE (with or without the use of MO) on bud break of
‘Royal Gala’ apple trees with the standard treatment using
H2CN2.

Material and methods
The experiment was carried out in a 3-year-old commercial
orchard of ‘Royal Gala’ apple trees on EM.9 rootstock located in
Guarapuava, Paraná, Brazil (25°33′S, 51°29′W, 1095 m a.s.l.),
spaced 0.9 by 3.6 m and trained to a central leader. During the
winter, from May to September 2005, trees accumulated 268
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chilling hours (≤7.2°C) or 902.2 chilling units according to the
North Carolina Method (Shaltout and Unrath 1983).

Treatments were composed of the following commercial
products: Bioalho (GE, Natural Rural Co.), Attach (75% MO,
Bayer Cropscience Co.) and Dormex (490 g/L H2CN2, Basf
Co.). Bioalho is a water-soluble natural product obtained from
the cold-pressing of garlic cloves.

Immediately after winter pruning, on 19 September 2005,
the following treatments were sprayed to ‘drip point’ at dormant
bud stage using a hand driven sprayer: (1) control (untreated);
(2) 1% GE; (3) 5% GE; (4) 10% GE; (5) 2% MO; (6) 1% GE +
2% MO; (7) 5% GE + 2% MO; (8) 10% GE + 2% MO; (9) 0.4%
H2CN2 + 4% MO. The reason for the use of a lower dose of MO
in GE mixtures was to avoid a possible risk of plant toxicity.

The trial was laid out using a randomised block design with
five whole-tree replications. Each apple tree was examined for
bud sprouting percentage and number of opened flowers at 30,
37, 43 and 50 days after treatments (DAT). Bud break was
considered positive when a green tinge was seen beneath the bud
scales. Fruit harvest took place on 31 January 2006, at which
time the number of fruit and their total weight were recorded.

All data were analysed statistically using the ANOVA and
factorial analysis methods in the SANEST statistical package
(UNESP, Jaboticabal-SP, Brazil). Meaningful comparisons were
generated using Tukey`s test (1% level) and regression analysis.

Results and discussion
At 30 DAT, bud break of ‘Royal Gala’ apple trees increased
linearly with increasing doses of GE. The addition of MO to GE
further increased sprouting, especially when mixed at a 1%
dilution (Fig. 1). In this evaluation, fewer than 5% of buds had
sprouted in untreated plants, compared with ~55% with 1% or
5% GE + 2% MO and 75% with 10% GE + 2% MO.

At 50 DAT, the GE doses showed a linear effect on bud
break. The MO also promoted bud sprouting and improved the
GE effect, mainly when used at a 1% dilution (Fig. 2). The most
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Fig. 1. Bud sprouting (%) of ‘Royal Gala’ apple trees treated with
different garlic extract doses combined (� y = 37.6697 + 4.0169x,
r2 = 0.7759, P < 0.001) or not combined (� y = 3.1145 + 5.9214x,
r2 = 0.9979, P < 0.001) with 2% mineral oil at 30 days after treatments.
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Fig. 2. Bud sprouting (%) of ‘Royal Gala’apple trees treated with different
garlic extract doses combined (� y = 64.2383 + 3.431x, r2 = 0.7631,
P < 0.01) or not combined (� y = 23.4506 + 7.057x, r2 = 0.9532, P < 0.001)
with 2% mineral oil at 50 days after treatments.
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Fig. 3. Bud sprouting (%) of ‘Royal Gala’apple trees treated with different
garlic extract doses and 2% mineral oil or 0.4% cyanamide hydrogen and
4% mineral oil (� control, � 2% MO, � 1% GE + 2% MO, � 5% GE + 2%
MO, �10% GE + 2% MO, � 0.4% H2CN2 + 4% MO) at various evaluation
dates. Vertical bars indicate standard deviations (n = 5).
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Fig. 4. Anthesis (%) of ‘Royal Gala’ apple trees treated with different
garlic extract doses and 2% mineral oil or 0.4% cyanamide hydrogen and
4% mineral oil (� control, � 2% MO, � 1% GE + 2% MO, � 5% GE + 2%
MO, �10% GE + 2% MO, � 0.4% H2CN2 + 4% MO) at various evaluation
dates. Vertical bars indicate standard deviations (n = 5).
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effective treatments were those using the Bioalho and MO
mixtures, which obtained between 76% to 95% bud sprouting.

The use of 10% GE + 2% MO was significantly superior to
all other treatments, reaching 95% bud sprouting at 50 DAT.
Standard treatment (0.4% H2CN2 + 4% MO) and 1% or 5% GE
+ 2% MO, showed similar trends, achieving ~80% bud
sprouting, athough 2% MO and the control, obtained only 53
and 18% bud burst, respectively (Fig. 3).

The treatments with GE and MO advanced anthesis, as did
the standard treatment with H2CN2. The use of 10% GE + 2%
MO was the most effective treatment in the acceleration of
blooming of ‘Royal Gala’ apple trees (Fig. 4). Unfortunately, in
this experiment, this also contributed to reduced fruit yield,
since the early anthesis coincided with an atypical rainfall
period at the beginning of the spring. Between 19 September to
18 October, rainfall was ~339 mm.

In general, fruit yield was very low due to this higher than
average rainfall. Although treatments with GE and MO had
improved bud burst, they also advanced flowering (Fig. 4),
contributing to yields and number of fruit similar to the control
(Table 1). The treatments with 5% or 10% GE had higher yields
and numbers of fruit because, in these cases, the sprouting was
irregular, thus allowing a partial escape from the rainfall period.
Fruit weight was not affect by treatments, although the untreated
plants had shown slightly lower fruit weight (Table 1).

In 2005, ‘Royal Gala’ apple trees did not have their chilling
requirements fulfilled in the Guarapuava region. This apple
cultivar needs 1115 chilling units (by the North Carolina
Method) for bud dormancy release (Chariani and Stebbins
1994) and, during the winter of 2005, only 902.2 chilling units
were accumulated. For this reason, untreated plants showed a
poor sprouting, with only 18% bud burst, at 50 DAT.

The effectiveness of H2CN2 and MO mixture on bud
dormancy release of ‘Royal Gala’ apple trees verified in this trial
was to be expected, considering it is the standard treatment for
this purpose in Brazil. However, the role H2CN2 played in break
dormancy was not completely elucidated, and this could be
related to its effects on the cell respiratory system and
interference in some enzymatic processes that control plant rest,
such as catalase inhibition and peroxidases activation (Taylorson
and Hendricks 1977; Shulman et al. 1986; Perez and Lira 2005).

Nevertheless, the search for new bud break agents is
essential due to the high toxicity of H2CN2 (Settimi et al. 2005).
The abovementioned alternative, Bioalho, is a natural product
recommended for organic production systems according to
actual Brazilian legislation. 

In this experiment, GE and MO mixtures were equal or better
than the standard treatment for break dormancy of ‘Royal Gala’
apple trees. Similar results were verified with garlic-based
compounds in grapevines (Kubota and Miyamuki 1992; Kubota
et al. 2000) and plum trees (Sanchez 1992). According to
Kubota et al. (1999) the active substances in garlic responsible
for breaking bud dormancy are volatile compounds containing
sulfur and an allyl group, especially the diallyl dissulfide, which
is the most abundant sulfide in garlic. Exposure of grapevine
cuttings to volatiles from grated garlic and commercial garlic
promoted budbreak. However, the effect of diallyl disulfide on
the breaking bud dormancy in grapevines that were not chilled
was not established (Kubota et al. 2000).

The most effective treatment was 10% GE + 2% MO, which
conferred 95% bud burst and anticipated anthesis of ‘Royal
Gala’ apples. Economically, this treatment is too expensive and
in order to be competitive, GE should be used in doses similar
to that of H2CN2. The results with 1% GE + 2% MO were
analogous to the standard treatment with H2CN2 and, therefore,
GE is more economically viable. Nevertheless, further
investigations using higher MO doses probably will permit a
reduction in the Bioalho dose and thus increase the effectiveness
and the competitiveness of GE use for bud dormancy release of
apple trees. Additionally, the toxicity of GE in sprouted buds
should be examined, as toxicity has been a major problem with
the use of H2CN2 when the dormancy break is delayed.

References
Chariani K, Stebbins RL (1994) Chilling requirements of apple and pear

cultivars. Fruit Varieties Journal 48(4), 215–222. 
Iuchi VL, Iuchi T, Brighenti E, Ditrich R (2002) Quebra de dormência da

macieira (Malus domestica Borkh) em São Joaquim-SC. Revista
Brasileira de Fruticultura 24(1), 168–174. doi:10.1590/S0100-
29452002000100037

Kubota N, Miyamuki M (1992) Breaking bud dormancy in grapevines with
garlic paste. Journal of the American Society for Horticultural Science
117, 898–901. 

Kubota N, Yasushi Y, Koji T, Kazuyoshi K, Tesuo H, Shoji N (1999)
Identification of active substances in garlic responsible for breaking bud
dormancy in grapevines. Journal of the Japanese Society for
Horticultural Science 68, 1111–1117. 

Kubota N, Matthews MA, Takahagi T, Kliewer WM (2000) Effects of garlic
preparations and calcium and hydrogen cyanamides on budbreak of
grapevines grown in greenhouses. American Journal of Enology and
Viticulture 51, 409–414. 

McArtney SJ, Walker JTS (2004) Current situation and future challenges
facing the production and marketing of organic fruit in Oceania. Acta
Horticuturae 638, 387–396. 

Perez FJ, Lira W (2005) Possible role of catalase in post-dormancy bud
break of grapevines. Journal of Plant Physiology 162(3), 301–308.
doi:10.1016/j.jplph.2004.07.011

Petri JL (1997) Indução de brotação de macieira por cianamida hidrogenada
e óleo mineral sob influência da temperatura. Pesquisa Agropecuária
Brasileira 32(1), 71–75. 

Petri JL, Palladini LA, Schuck E, Ducroquet JHJ, Matos CS, Pola AC (1996)
‘Dormência e indução da brotação de fruteiras de clima temperado.’
(GED/EPAGRI: Florianópolis-SC)

Table 1. Number of fruit, fruit weight (g) and yield (g/plant) of ‘Royal 
Gala’ apples treated with different substances for bud break
Mean separation within each column by Tukey’s test (P = 0.01)

Treatment No. of Fruit Yield 
fruit weight (g) (g/plant)

Control (untreated) 3.5b 93.5 318b
1% garlic extract (GE) 8.5ab 104.3 876ab
5% GE 16.2a 115.2 2026a
10% GE 15.2a 111.0 1019a
2% mineral oil (MO) 11.0ab 103.3 1114ab
1% GE + 2% MO 6.8ab 116.8 802ab
5% GE + 2% MO 3.0b 104.0 329b
10% GE + 2% MO 2.5b 115.0 306b
0.4% H2CN2 + 4% MO 7.2ab 114.0 824ab
Significance of F-value 0.001 0.416 0.001
l.s.d. (P = 0.01) 10.2859 13.77 1389.8



Australian Journal of Experimental Agriculture 741Effect of garlic extract on apple bud break

http://www.publish.csiro.au/journals/ajea

Petri JL, Palladini LA, Pola AC (2002) Dormência e indução da brotação da
macieira. In ‘Manual da cultura da macieira’. pp. 261–298.
(GED/EPAGRI: Florianópolis-SC)

Sanchez ES (1992) Evaluación del extrato de ajo como estimulador de la
brotación en ciruelo japonés, Prunus salicina L. ‘Santa Rosa’. MA
Thesis, Colegio de Postgraduados, Centro de Fruticultura, Texcocco,
Mexico.

Settimi L, Davanzo F, Faraoni L, Miceli G, Richmond D, Calvert GM (2005)
Update: hydrogen cyanamide-related illnesses-Italy, 2002–2004.
Morbidity and Mortality Weekly Report 54, 405–408. 

Shaltout AD, Unrath CR (1983) Rest completion prediction model for
‘Starkrimson Delicious’ apples. Journal of the American Society for
Horticultural Science 108, 957–961. 

Shulman Y, Nir G, Lavee S (1986) Oxidative process in bud dormancy and
the use of hydrogen cyanamide in breaking dormancy. Acta
Horticulturae 179, 141–148. 

Taylorson RB, Hendricks P (1977) Dormancy in seeds. Annual Review of
Plant Physiology 28, 331–354. doi:10.1146/annurev.pp.28.060177.
001555

Manuscript received 10 April 2006, accepted 21 September 2006



<<
  /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 1.3
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (CSIRO web and author.)
  >>
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


