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Abstract

BACKGROUND: Increase in the ratio of small berries in
blueberry production decreases the farmers’ profits due to
weakening market competitiveness and lowering harvest
efficiency. One of the reasons for increased small berries is over
fruit-load. For improving productivity and competitiveness of
blueberry in Korea, hand-thinning can be applied to increase
fruit quality before the developing adequate chemical thinning
methods. This study was conducted to investigate the proper
timing and methods for floral buds thinning in rabbiteye
blueberry.

METHODS AND RESULTS: Eight years old bushes of
rabbiteye bluberries ‘Brightwell’ as a primary cultivar and
‘Powderblue’ as a pollinizer were used for this study. Fruit
size distribution by leaf-to-fruit ratio was investigated by
counting the number of leaves and fruits in canes of 127
‘Brightwell” plants whose fruit set varied. Fifty percent of
flowers/floral buds were removed in four different floral
buds stages such as bud swell, late pink bud, full bloom, and

*Corresponding author: Yong-Bum Kwack
Phone: +82-63-238-9170; Fax: +82-63-238-9179;
E-mail: kwack@korea.kr

166

https://orcid.org/0000-0003-2506-7693

petal fall, and the consumed time for thinning and fruit
characteristics were recorded to investigate the effect and
proper timing of floral buds thinning. Fruit weight and
soluble solids content tended to increase in proportion to
leaf-to-fruit ratio and the production of the number of fruits
less than 13 mm in diameter decreased when leaf-to-fruit
ratio was more than 2.5. Manual floral buds thinning by
hands was fastest in full bloom stage and slowest in bud
swelling stage. In all cultivars, fruit size was significantly
smaller in non-thinning treatment than thinning, and there
was, however, no significant difference in total fruit yield.
The number of fruits less than 13 mm in diameter increased
in both cultivars as floral buds thinning was delayed.
Consumed time for picking 90% berries out of total berries
per bush was shortest in full bloom stage thinning in
‘Brightwell’ and bud swelling, full bloom thinning in
‘Powderblue’. These were 25 and 20 days faster than no
thinning, respectively.

CONCLUSION: Although the effect of floral buds thinning
varied depending on the cultivars, our results confirmed
that floral buds thinning was effective for the early intensive
harvesting and the increase of the large fruit ratio and the
harvesting productivity. Also, in order to increase thinning
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efficiency, it is recommended to remove the flower buds
before the full bloom stage.

Key words: Foral buds thinning, Fruit quality, Fruit size,
Harvesting time, Rabbiteye blueberry
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Fig. 1. Fruit characteristics of rabbiteye blueberry ‘Brightwell’ as affected by leaf to
fruit ratio. A, Fruit weight; B, Soluble solids content (SSC); C, Titratable acidity (TA);
D, Percentage of fruit size more than or less than 13 mm in diameter.
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Table 1. Fruit characteristics of rabbiteye blueberries as affected by timing of floral buds thinning

Small fruit less than 13 mm

Cultivar Timing qf ﬂpral buds Fruit weight Yield in diameter

thinning (g/berry) (kg/bush) @)

Non-thinning 1.12 b* 224 a 594 a

Bud swell 1.33 ab 203 a 321b

Brightwell Late pink bud 1.33 ab 18.2 a 343 b
Full bloom 141 a 16.1 a 301 b
Petal fall 129 ab 19.1 a 40.1 ab

Non-thinning 097 ¢ 148 a 787 a

Bud swell 1.18 a 12.7 a 451 Db

Powderblue Late pink bud 1.18 a 175 a 50.1 b
Full bloom 118 a 112 a 57.3 ab
Petal fall 1.13 ab 11.1 a 58.8 ab

“Mean separation within columns by the Duncan’s multiple range test at 2 = 0.05.
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Table 2. Fruit weight and small berries rate of rabbiteye blueberries as affected by thinned position within floral buds

cluster

Thinned position within

Fruit weight Small fruit less than 13 mm

Cultivar inflorescence (g/berry) in diameter
(%)
Upper half 1.18 b” 382 a
Brightwell
Lower half 1.35 a 20.7 b
Upper half 098 b 71.0 a
Powderblue
Lower half 1.18 a 421 b

“Mean separation within columns by the Duncan’s multiple

range test at 7 = 0.05.
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Fig. 3. Cumulative percent yield of rabbiteye blueberries ‘Brightwell’, ‘Powderblue’ as affected by timing of floral buds
thinning. DAFB stands for acronym of ‘Days After Full Bloom'. Vertical bars indicate standard error of the means.

THAEof| 48= ‘Powderblue’ H5> 23t 2 #AIglo]
a7l 3 850 A FERF 10%0 E2ste] A 7h Ajo]
7F §ode 2 A FERFo] 90% el Edehe ARl
A3} A7) vl 3 1329909 Hhel, 7j3A A E27](Late
pink bud)®} 938}7](Petal fall) 43} 2] v 1164
T12]3 Folx7](Bud swell), WH7](Full bloom) % &}A]2]

W F 1129 = deRt AsiA e A7) wet 27
Zre] Wshh vebst

B3l dirg o g oF 40~50U7ke] ERS 2t
o} wpebA 578 A7)0} 71 ©@E )] Tyt
of ~Qu= SFHE] AIEA SR sl HYPAH S
A w9 Z23t) ‘Powderblue’'s #3AHe] A7) wE
T8 A7) Aol Fs] ol# gl o, ‘Brightwell & 2
s A7)el wet 748} tib] 9~12% WhE 27]5Eo] &
A QL) gbd et F FF BT FAge F A0
£ YeRrh ‘Brightwell’ ©] 723} A= 74 +8%F 10%
FE 90% e =Eah=t oF 45¢U0] A FH o, w7|(Full

rir

2~F

e
_1
il

N

Oz

bloom) A3lAz= 32Y0] AQFe] oF 13Yo] THEQIT
Wt ‘Powderblue’~ 43} 287} 4 8= 10%°14
90%°l EEsh=t] 47U0] A% ¥hH, Wolx7](Bud swell)
s} 9)71(Full bloom) 23} g 27%0] A8 &) oF 20
do] TGk

Tl AR giblote] EuE] el BT |(3)
w2} v)gA o7 718tk Fig, 4). 3H2730] 13 mmell &
Foki= 1 g 22 AlRHG 2F 2.9 kg 2 gho] 7hEsl,
7Z0] 0.5 g T7Fe wl Alzb oF 1.9 kg(y=3.776*x-0.8877)
A Y o] 7hsd o gRly g

‘Brightwell’¢] 723} 4] 4 75 1.12 g =71elA
s EFuE] 7F e AR 1,200 kg HFAMAE
2018)& skt oF 6089 mEEe] AQ¥h ulY,
7171(Full bloom) ©AINA Aslxshd Ht o] 1.41
gOo 2 F7lste] ok 457 07 FekarYo] Thsst Ao ® e
%01, ‘Powderblue’ S| A3tE F3 ol L85+

Aee oF 27% A ¢ e Ao FHHJ

rr

NS



Floral Buds Thinning of Rabbiteye Blueberry

171

-
o

9 y =3.776x - 0.8877
R2 =0.735 oo
8 -
7 4
£ 6
2
= 5 B
o
[0
S 4
3 4
2 4
'] 4
0.0 0.5 1.0 15 2.0 25 3.0

Fruit weight (g)

Fig. 4. Picking speed of rabbiteye blueberry ‘Brightwell’
as affected by fruit weight.

opde] dik= dplote] Sl ’Bmghtwell’ ‘Powerblue’

of st AsiAe= s, A7) 5 HAFAR Tl &
Q= 7ReIE 9% S5 I8 Folth 53] 7P a9
29l As}Az] Al7)= )7](Full bloom)ZA AxpA] Ak
ﬂi"l S 2 A sk Aol 7Y =8 AR 3
a3

S8 5 Q9T A Felsg,

A) 3 A

S

mlo
Jo

2 o
= 7HlEle avlE Sk A 73AY skt g
A oskR F7ke) S ofEAITIYh £ e Aol
o] EFHIEE Wdor A3t A7), el whE Tjrﬁl—zl—*ér
AL gkl 7R Oﬂ Agstazt syl A
T 894 ‘Brightwell & F o2 sglon, FiTs
‘Powderblue’ 5 AHE-RItE aulel] whE Id=7] 3
+ Aol tekst 12779 ‘Brightwell' & thdo%, 9
1709 AoRAE sl A3} s Aleeisivh 45t
A1l ke mat e S S e WA R et
ﬂﬁ}akg] 50%% AASI3AL, oju) 4~ Q¥ = ARk} I EA
=3

o

< A} vlwsieitt. B B des gev)e 3
R ~7}6"2U%, %7 13 mmY|3, 1*0 OF etk o
A7) & 1 2 Q] 255F A WHEEQIE 2% W
oA & A3 5= wR7)(Full bloom) 237} 7Fd
uhgkom, who }571(Bud swell) 237} 713 =9} 2344
7l°ﬂ w2 35 A4 13 mm "R *ﬂrﬂl & AEEE

2l ste} vlel] FHg 7@]* el oy 9
2 TTJXVP AT AFHES 7 EF BT @ﬁ‘r’\] 17} =
242 ZleRe ATelRAor, Yo\ (Petal fall) 3= ¥
5js} fAket oS Lpesick, 4 el o0%ol ket |
72 ‘Brightwell’ & ¥7)7](Full bloom) #]3}, ‘Powderblue’
£ Wolx7](Bud swell), TH717|(Full bloom) Z3}x]2]olA
7 ] Sk o= F A8ks) vlaste] o] 747} 25

o, 209 Rk wEbA 2 e Ak Gleel s avke

ofX

off w} >'<}017} A, Ak 271 Hokrds thanlE
Poﬂ adelgES dRlelaL, Astasy
= WI71(Full bloom) %] é#ﬂ Ak 3t
Eliiny %:-”r% AAsh= slo] axAdd Jlow Abmet,

ot o %2, o
L 1y
s
N
e
:Oé

Note

The authors declare no conflict of interest.

Acknowledgment

This study was funded by a research program
(PJ012048) of Rural Development Administration (RDA),
Korea.

References

Ayala, M, & Andrade, M. P. (2009). Effects of fruiting
spur thinning on fruit quality and vegetative growth of
sweet cherry (Prunus avium). Ciencia e Investigaciéon
Agraria, 36(3), 443-450.

Cartagena, J. R, Matta, F. B, & Spiers, J. M. (1994). Chemical
fruit thinning of Vaccinium asher Reade. Journal of the
American Society for Horticultural Science, 119(6), 1133-
1136.

Ehlenfeldt, M. K. (1998). Enhance bud production in
highbush blueberry (Vaccnium corymbosum L.) in
response to paclobutrazol. HortScience, 33(1), 75-77.

El-Boray, M. S., Shalan, A. M., & Khouri, Z. M. (2013).
Effect of different thinning techniques on fruit set, leaf
area, yield and fruit quality parameters of Frunus persica
L. Batsch cv. Floridaprince. Trends in Horticultural
Research, 3(1), 1-13.

Gough, R. E. (1994). The highbush blueberry and its
management, pp. 137-149. The Haworth Press, Inc.
Binghamton, NY.

Gough, R. E, & Shutak, V. G. (1978). Anatomy and
Morphology of cultivated highbush blueberry. Rhode
Island Agricultural Experiment Station Bulletin, 423.

Gough, R. E, Shutak, V. G, & Hauke. R. L. (1978). Growth
and development of highbush blueberry. 1. Vegetative
growth. Journal of the American Society for Horticultural
Science, 103, 94-97.

Greene, D. W., Hauschild, K. I, & Krupa, J. (2001). Effect
of blossom thinners on fruit set and fruit size of peaches.
HortTechnology, 11(2), 179-183.

Huang, Y. H,, Johnson, C. E., & Sundberg, M. D. (1997).
Floral morphology and development of ‘Sharpblue’
southern highbush blueberry in Louisiana. Journal of



172

Kim et al.

the American Society for Horticultural Science, 122(5),
630-633.

Johnson, L. K, Malladi, A, & NeSmith, D. S. (2011).
Differences in cell number facilitate fruit size variation
in rabbiteye blueberry genotypes. Journal of the American
Society for Horticultural Science, 136(1), 10-15.

Lechaudel, M, Joas, J., Caro, Y., Genard, M., & Jannoyer,
M. (2005). Leaf: fruit ratio and irrigation supply affect
seasonal changes in minerals, organic acids and sugars
of mango fruit. Journal of the Science of Food and
Agriculture, 85(2), 251-260.

Lyrene, P. M. (1984). Late pruning, twig orientation, and
flower bud formation in rabbiteye blueberry. HortScience,
19, 98-99.

Maust, B. E., Williamson, J. G., & Darnell, R. L. (1999).
Flower bud density affects vegetative and fruit
development in field-grown southern highbush blueberry.
HortScience, 34(4), 607-610.

Mili¢, B., Tarlanovi¢, ], Keserovié, Z, Magazin, N,
Miodragovié, M., & Popara, G. (2018). Bioregulators
can improve fruit size, yield and plant growth of
northern highbush blueberry (Vaccinium corymbosum
L.). Scientia Horticulturae, 235, 214-220.

Retamales, J. B., & Hancock, J. F. (2012). Blueberries, pp.
213-217, CABL

Seehuber, C., Damerow, L., & Blanke, M. (2011). Regulation
of source: sink relationship, fruit set, fruit growth and
fruit quality in European plum (Prunus domestica L.)
—using thinning for crop load management. Plant
Growth Regulation, 65(2), 335-341.

Shutak, V. G. (1980). The cultivated highbush blueberry:
twenty years of research. Rhode Island Agricultural
Experiment Station Bulletin, 428.

Strik, B. C, & Buller. G. (2004). Effect of in-row spacing
and early cropping on yield and dry weight partitioning
of three highbush blueberry cultivars the first two
years after planting. Small Fruits Review, 3(1), 141-147.

Strik, B. C., Buller, G, & Hellman, E. (2003). Pruning
severity affects yield, berry weight, and hand harvest
efficiency of highbush blueberry. HortScience, 38(2),
196-199.

Suzuki, A., Shimizu, T., & Aoba, K. (1998). Effects of
leaf/ fruit ratio and pollen density on highbush
blueberry fruit quality and maturation. Journal of the
Japanese Society for Horticultural Science, 67(5),
739-743.

Williamson, J. G.,, & NeSmith, D. S. (2007). Effect of
CPPU application on southern highbush blueberries.
HortScience, 42(7), 1612-1615.




<<
  /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


