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SUMMARY

(FE8%E)

Photosynthetic characteristics of 'Rancocas' blueberry leaves were
monitored under well-watered and water-stressed conditions. One-year-old
trees in 4-L pots were daily irrigated (well-watered) or not irrigated for one
week (water—stressed). The soil water potentials were approximately -0.2
and -1.0 MPa in the well-watered and the water-stressed conditions,
respectively. The photosynthetic characteristics were measured on recently
fully expanded leaves wusing an LI-6400 photosynthesis system. The
COgqassimilation rates of well-watered and water—stressed blueberry leaves

"I photosynthetic photon flux

were both saturated at about 100 mmol m™® s
density (PPFD) following the initial linear increases with increasing PPFD up
to about 200 mmol m™® s™'. The well-watered blueberry exhibited higher CO»

assimilation rate than the water—stressed blueberry by 3-5 mmol m? s

depending on PPFD ranged from 0O to 2,000 mmol m? s '. Maximum COs
assimilation rates of well-watered and water-stressed blueberry were 9.6
and 59 mmol m? s!, respectively. Apparent quantum vyield, light
compensation point, and dark respiration rate were higher in water-stressed
blueberry. Both in well-watered and in water—stressed blueberries, the
COgassimilation rates decreased with increasing PPFD. Both stomatal
conductance and transpiration rate were higher in well-watered than in
water—stressed blueberry and their changing patterns during the day were
similar. The COs assimilation rates of blueberry at middy day decreased by
7.87, 7.06, 6.44 and 6.08 mmol CO; m* s ' with increasing shading level
from O to 75%. However, stomatal conductance and transpiration were similar
under different level of light condition. The values of Fv/Fm obtained from

the dark-adapted leaves were approximately 0.8 irrespective of light

condition. However, the values of Fv'/Fm' decreased approximately 3.31,
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2.89, 2.40 and 2.12 with increasing shading level from O to 75%. The shaded
plants had longer shoot height than full light grown plants. Full light plants
resulted in lower chlorophyll contents. Fruit yield decreased from 73.26 to
1.23 g with increasing shading level from O to 75%.

Flower bud differentiation, and flower and fruit characteristics in several
highbush blueberry (Vaccinium corymbosum L1.) cultivars were investigated
for selecting suitable cultivars to cultivate in Korea and for developing the
technique to produce high quality fruits. The blueberry buds were burst from
late March to mid April in lksan area. The buds of 'Sharpblue', Southern type
blueberry, swelled on March 23, while those of 'Jersey' and 'Sunrise' did on
April 13. Shoot resting dates of the cultivars, as estimated by the apical bud
wilting and tip blackening, ranged from early May to mid July. Since the
axillary buds enlarged and took the form of terminal buds, they were
regarded as pseudoterminal buds. The flower buds were not changed
morphologically until late August, but subsequently became larger and
developed numerous florets. Thus, the flower bud differentiation was thought
to occur late August. Flower buds were formed at the 2nd or the 3rd node
of from the apical bud. Their blooming in Iksan area started from mid April
to late May. 'Sharpblue' and 'Jersey' were the earliest (April 16) and the
latest (April 25) blooming cultivars, respectively. Number of flowers per
flower bud ranged from 6.8 and 11.0 depending on the cultivars. Their
coefficients of variation were bellow 15%, except that those in 'Bluecrop' and
'Dixi" were as high as 23.2 and 22.3%, respectively. The stamen consisted of
the leaf-shaped filaments having trichomes and the anthers each with two
poridical tubes. Microspore mother cells underwent meiotic division on late
March. However, they were not isolated and developed into compound pollen
grains, and thus they remained as pollen tetrads. Number of pollen tetrads
per anther was about 400-1,300, and the more pollen tetrads, the higher
germination percentage. The pistil classified an inferior ovary has five

carpels, one filiform style, and about 39-67 ovules. Their coefficients of



variation ranged from 11.6 and 31.0% depending on the cultivars.
Cross—pollinated 'Sharpblue' and 'Bluejay' set more seeds than self-pollinated
ones. The fruits showed a double sigmoidal growth pattern and required
about 58-72 days for maturation. 'Spartan' was early-maturing cultivar (58
days), while 'Dixi' (71 days) and 'Jersey' (72 days) were late-maturing
cultivars. Number of fruits per cluster was about 6.1-9.8, and the fruit set
percentages were about 86-97%. The fruit had 22-34 seeds, but their
coefficients of variation in each cultivar were high as ranging from 33.8 to
68.2%. Fertilization percentages were lowest as 34.3% in 'Sunrise', and
highest as 89.2% in 'Rancocas'. With increasing number of seeds, the fruit
weight significantly increased by 0.02 g per one seed. Soluble solids
contents in the fruits were 9.5-14.2°Bx, and the soluble sugars were
composed of reducing sugar glucose and fructose, and sugar alcohol
mannitol. Their titratible acidities were 0.70-1.13%, and their organic acids
were composed most of citric acid and a little of malic acid. Fruit peels
were light green and red at 2 weeks and 4 days before maturity,
respectively. At maturity fruit peels were blue-black with hue angle and
chroma values of -7.2° and 1.4, respectively. In addition, the fruits lost their
firmness rapidly with being colored. The late-maturing fruits tended to be
lighter in weight, but their sugar and acid contents were not different from
those in the early-maturing ones. In investigation of fruit and tree
characteristic producted by pruning severity, number of fruits per cluster and
fruit hardness value was high on light pruning, soluble solids value and
number of suckers and succulent shoots was high on heavy pruning. In
investigation of number of shoots and the shoot length by flower bud is or
not on the branch in pruning, there was not related with that flower bud is
or not but was different between pruning has or has not.

In fruit and tree characteristic according to pruning severity, number of fruits per
cluster and hardness value of fruit peel was high in light pruning treatment,

soluble solids value of fruit, fruit weight, and number of suckers or succulent

_10_



shoots was high in heavy pruning treatment. In shoots production and the shoot
length according to flower bud that is or not on the suckers and succulent

branches, there was not different between flower bud is or not, but was different

between pruning has or has not.
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Fig. 1. Blueberry species (highbush, lowbush, rabbiteye blueberry).
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Table 1. Prospective blueberry cultivars in domestic cultivation.



Year

Scientific
Cultivar Parentage Introduce
name
d
Sharpblu 7
Vaccinium Florida 61-5 x Florida 62-4 1976
e ashei
V.
Bluecrop corymbosu (Jersey x Pioneer) x (Stanley x June) 1952
m
Bluegold " Bluehaven x ME-US-5(Ashworth x Bluecrop) 1972
Bluejay ” Berkeley x Michigan 241(Pioneer x Taylor) 1968
(North Sedgewick lowbush x Coville) x
Bluetta " ) 1968
(Earliblue)
Dixi ” (Jersey x Pioneer) x Stanley 1936
G-100(vanhoe x Earliblue) x 192-8(E-30 x
Duke " 1972
E-1D)
Jersey " Rubel x Grover 1928
Nelson ” Bluecrop x G-107(F-72 x Berkeley) 1965
Northblu B-10(G-65 x Ashworth) x US-3 (Dixi x 1983
VA
e Michigan Lowbush No.1)
Northlan )
q ” Berkeley x (lowbush x Pioneer) 1967
Rancocas " (Brooks x Russell) x Rubel 1926
Sierra /- darrowt US-169 1980
x V. asher
V.
Spartan  corymbosu Earliblue x US 11-93 1978
m
Sunrise ” G-180 x ME-US-6620 1974
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Fig. 2. Blueberry orchard fertilized with sulfur and peatmoss.

Table 2. Blueberry orchards established for field experiment.

No. of trees

No. of
cultivars

Year

Region

achieved
2004

270
300

14
10

o O O O o O
o O O O O O
MmN —~ AN AN AN AN
<+ o M O O O
— - = o
| |
Tor Tor
= =
o o
o 23
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2005

200
200
200

10
10
10

2006

ojn
T
|
Jr.._
N
T

</
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Table 3. Blueberry cultivars planted in orchards by region.

Year

) Region Cultivar
achieved
2004 7] 9A] 9%E  Highbush blueberry
Jersey, Rancocas, Bluejay, Sharpblue, Sunrise,
Sierra, Duke, Northland, Nothblue, Bluecrop,
Bluetta, Dixi, Nelson, Spartan
=% 9% 41 Highbush blueberry
PARRIEGS Northland, Bluegold, Bluetta, Brigitta, Jersey,
Weymonth
45 A52] 35 Highbush blueberry
Jersey, Rancocas, Bluegold, Sunrise, Sierra,
Duke, Northland, Bluecrop, Bluetta, Dixi,
Spartan, Darrow, Weymonth, Brigitta
A& ©)akA] 2185 Highbush blueberry
AFsrw Bluecrop, Bluejay, Dixi, Jersey, Rancocas,
Spartan, Sunrise, Sharpblue
2005 A YAl AFXH  Highbush blueberry

Jersey, Rancocas, Bluejay, Brigitta, Sharpblue,
Georgiagem, Sunrise, Sierra, Duke, Northland,
O'Neal

Rabbiteye blueberry

Tifblue, Southland
A5 AFA] 2%%5 Highbush blueberry

Jersey, Rancocas, Bluecrop, Bluejay, Brigitta,

_43_



Weymouth, Sharpblue, Georgiagem
Rabbiteye blueberry

Tifblue, Woodard
dekA] 5w Highbush blueberry

Jersey, Rancocas, Bluecrop, Bluejay, Duke,

Sierra, Dixi, Northland, Sunrise
A AT Rabbieye blueberry

Brightwell, Tifblue
Highbush blueberry

Georgiagem, Sharpblue, Brigitta, Dixi, Rancocas

ofy
L
N

2006

AE &5+ 114Hd Highbush blueberry

S Ul Duke, Sunrise, Brigitta, Bluegold, Bluetta, Jersey,
Dixi

FEE AFA Highbush blueberry
Northblue, Northland, Brigitta, Dixi, Duke, Jersey,
Sierra

AF AE B9 B3 Aule 20043 AA F oes] 957 Auy dad
A B tHFig. 3). 28 Alx I} 9lo] A7k Fokout S8 SFHE e
AL obF Axeal FA BAo] A e Nx7F Fa Qle] A7t ofF
Fro] ke ulgto] o3 AEFAO|AN 0 Aow A7

/51'

~ =
of wjr Aol EFE Aol A3 FowM AEHAE
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Fig. 3. Blueberry fields in commercial orchard.

AFE WA Agge] BRde] A 27 A4 7be 2E Ao BAom of
Lo AtHFig. 4). 2 A B4 BAE FAE AASAT. 23 A4 ) =X
oJ4% F A @ W% BE A4 FAT.

ol Aguietm A Ao BA FFES BB A% A AL wR7)
A5 ‘Sharpblue’sh ‘Bluejay'7b F9keh. Lejuh 4 @4 ol @gkw BEFE 4
e Holgith. Ty QY FFA A A7 E AAT oZle Fupgrt 4o
delq o= Aew Azwo] A% 4w ulwslop & ok,
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Fig. 4. Protected culture of blueberry in NISA (National Institute of

Subtropical Agriculture) of Jeju.
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Table 4. Standard index of growth and development, and fruit characteristics in

blueberry.
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B ET A7 A AFe 2Ae] fs) A g9 ddEel AT =
FHlE] el A& M9 o] el £3k= ‘Sharpblue’ FF 3 =9 sfol -l &
&= ‘Duke’, ‘Sierra’, ‘Bluecrop’ #%F & o= 42 458 Ad A =AM

4985 58zl A W7F AF 2 AAR 7] 2E7F stobA diREe] FF

[e3]

S A%e Mtk ok wAel stob WAl el 108 FE wel A%

Table 4. Sprouting time, leafing stage, blooming period, full bloom stage of

blueberry cultivars.

Sprouting time

) . Blooming Full bloom
Cultivar Leafing stage

Leaf bud Flower bud period stage
Sharpblue April 11 April 21 April 14 April 26 May 7
Duke April 12 April 22 April 14 April 26 May 8
Sierra April 12 April 22 April 17 April 27 May 9
Bluecrop April 12 April 22 April 17 April 28 May 11
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Fig. 6. Blueberry orchard with mulching (weed stop) in university farm at Seoul

National University.

Table 6. Shoot and leaf growth characteristics of blueberry cultivars.

Shoot length Leaf Leaf
) Leaf Shape of )
Cultivar Bearing Non-bearing . length diameter
shape leaf tip
branch (cm) branch (cm) (cm) (cm)
Sh bl
e 61 2 2.5 6.9 4.2
e
Duke 23 42 2 2 7.6 3.8
Sierra 44 65 2 2 8.1 4.3
Bluecrop 44 68 1.5 2 7.0 3.7

SR sEdz BHE 87 W o

-

234 stoli-4] M2l Rancocas'& =] MERXAE 1M4(v/v)9] HEE 4]
of A AL ZEA Aol w7k &4 Aujstdtt. v7be 24 Fa £x =
AL A 243 H8 i #5 Ag e e 1LY F28 FF8al F8 &

b Aol

A7 BAHE Rel7] As dFLel 294 1/4 Hoagland 4ol 3704
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ol Aoz FTrhelal, = FolAME X3t FHE HAT(Fig. 7A). 200u
mol - m” - s '8 FEol o]27|7A 7| F AT BT Ao EFue =
ol itslEtx g e AFHow Z7et 500umol - m Y- s e BEo|A ¥ 3}H
tHFig. 7A). 0014 2,000umol - m * - s 'Ake] o] F& A EFulgle] o]iks}
2 o sy ~EYs JYTRg B4 AP PN 3-5umol -mes ! AR

Table 7. Soil and leaf water potential in well-watered and water-stressed
'Rancocas' highbush blueberries. Values are the mean = SE measured

from four replicates.

Water potential (MPa)

Treatment (day) Soil Leaf

Well-watered 1 ~0.20 + 0.01 ~1.01 £ 0.03
3 0.18 + 0.02 20.99 + 0.02
5 0.20 + 0.01 ~1.00 £ 0.05
7 0.22 + 0.03 21.07 £ 0.02

Water-stressed ~0.21 + 0.03 ~1.02 + 0.06
3 0.33 + 0.02 “1.42 £ 0.05
5 0.83 + 0.07 “1.58 + 0.08
7 20.99 + 0.04 “1.79 £ 0.03
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Fig. 7. Net CO; assimilation rate (A) and stomatal conductance (B) in response to
incident PPFD in well-watered and water—stressed 'Rancocas' highbush

blueberry leaves.
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Fig. 8. Relationship between net CO» assimilation rate and stomatal conductance
in response to incident PPFD in well-watered and water-stressed 'Rancocas'

highbush blueberry leaves.
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Table 8. Maximum net COs assimilation rate (Amax), apparent quantum yield (a),

light compensation point (I'), and dark respiration (Rq) in well-watered and

water—stressed 'Rancocas' highbush blueberry leaves

Photosynthesis parameter

Treatment

Rq

Amax

-2 -1
S

pmolm

0.21

0.070 2.98

8.84

Well-watered

5.95

0.066 133.07

4.63
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Fig. 9. Diurnal changes of net COy assimilation rate (A), stomatal conductance
(B), and transpiration rate (C) in well-watered and water—-stressed

'Rancocas' highbush blueberry leaves. Data represent the mean *+ SE of four

replicates.
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Control

Fig. 10. Shading net house achived different shading conditions by using

different black mesh clothes (control, 25, 50, and 75%).
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Fig. 11. Shade pacentages by black mesh clothes of tranmttance.
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Fig. 12. PPFs during the day under different shading conditions.
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Aol dA sk A o) AtHWooge and Barden, 1987). ¢l F79] Aol HJx2
W gz Sl oa zolzk U] wiiEoltHCowart, 1935). 7oA A&
eFHlE e e & A G o2 st Agste] F EapH<

J%

as 3
fulstA E s o] ARnen FAES JAE] A FEHESH
ol FAZE FAY AFEe] FUMETE
at7] f1af Sle] Hlow dFA0] o]l o @il F xEspxlo] vta AgxAo] IA
FEEZ 7 o FA GFrh(Weaber and Clements, 1938).
2 Todeped ARV Aeas AAHE golAH
2 et 75% 2F 2= sk Hd o #Frt
7o HA a2t Bes A4S BHol 85 & gl (Fig. 13). EFHE ¢
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At

Control

Fig. 13. Fruiting berries of blueberry under different shading conditions.
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UxAjel & Frisit). o] A xanthophll 327 #d3F(Demmig and
Adams, 1996). Xanthopyll 3] 2% violaxanthin®] ©o|ZA]3}%F o] antheraxanthin
= 71A zeaxanthino] HWA o] AAHY. AEF4 o] d= DAtH = S &
V4= S99 PSIe &89 Fyv'/Fm'7h 243tk Fv//Fm'e] %F4% xanthophyll

329 go|ZAFE YEIUE (A+2)(V+A+2)] 718 Suksio),

Table 9. Photosynthesis, stomatal conductance, and transpiration of blueberry

leaves under different shading conditions.

Shading Photosynthesis Stomatal conductance Transpiration
(%) (pmol CO2 m™® s™h) (mol Hz0 m™ s™) (pmol CO2 m™® s™h)
0 7.87 £ 0.991 0.12 £ 0.029 2.73 £ 0.568
25 7.06 £ 0.117 0.14 £ 0.006 3.09 £ 0.318
50 6.44 £ 0.514 0.14 £ 0.005 2.96 £ 0.243
75 6.08 £ 0.276 0.13 £ 0.012 2.55 £ 0.174
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Fig. 14. Photosynthesis, stomatal conductance, and transpiration of blueberry

leaves under different shading conditions.
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Table 10. NPQ, Fv/Fm, and Fv'/Fm' of blueberry leaves under different

shading conditions.

Shading (%) NPQ Fv/Fm Fv'/Fm’
0 0.90 = 0.004 0.80 = 0.004 3.31 £ 0.101
25 0.88 + 0.318 0.79 £ 0.005 2.89 £ 0.114
50 0.84 + 0.243 0.80 £ 0.003 2.40 £ 0.064
75 0.81 = 0.174 0.80 = 0.008 2.12 £ 0.080
0.9
—@— Control
0.8 - —O— 25% shading
—W¥— 50% shading
—— 75% shading
0.7 +
E 0.6 -
ks
0.5 4
0.4 +
0.3 A

0 200 400 600 800 1000 1200 1400 1600
PPFD(pumol m?s™")

Fig. 15. Fv'/Fm' values of blueberry leaves under different shading

conditions.
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Fig. 16. qP, gN, and NPQ values of blueberry leaves under different shading

conditions.
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Fig. 17. Shoot length of blueberry under different shading conditions.
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different shading conditions.
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Fig. 19. Upper epidermis (A) and lower epidermis (B) of blueberry leaves.
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Fig. 20. Stomatal size and density under different shading conditions. A, 0%;
B, 25%; C, 50%; D, 75%.

Table 12. Stomata size and density under different shading conditions.

Shading Stomata size Stomata density
(%) (mm) (per cm?)

0 4.1 £ 0.10 12,400 £ 584.2
25 4.3 £ 0.08 9,933 + 478.0
50 45 £ 0.14 7,266 £ 122.9
75 5.1 £ 0.28 6,466 £ 240.4
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aA

i oje] 714 d¥olyt w37t vt

-
a-

1

0
o]
DA

Awolu}

i

R

H7h ol

o

(USDA) Human Nutrition Research Center on Aging® ¥}

SAE = 24 9

2}

1|
e

T
Jo

ORAC (umol TE/g)
3.9£0.3
3.8x1.0
3.1£1.0
3.0£0.3
3.0£0.3

o] A% 3 It (Table 15).

Item
Eggplant
Cauliflower
Potato

Sweet potato
Cabbage
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sfol ¥4 BFHlE, =
24.0£2.0
19.4+3.1
17.7£0.6
15.36£2.38
12.6+0.3

o
ORAC (umol TE/g)

o

R

2

h=]
=

Table 13. Antioxidatice activity of major fruits and vegetables.

ZFol 7t gl Ao R YEelgti(Table 14).

[tem
Blueberry
Garlic

Kale
Strawberry
Spinach



Brussels

9.8+1.8 Leaf lettuce 2.6+0.2
sprouts
Plum 9.49£0.67 Banana 2.21%£0.19
Alfalfa sprouts 9.3£0.7 Apple 2.18%+0.35
Broccoli
8.9+1.0 Carrot 2.1£0.7
flowers
Beets 8.4+1.0 String bean +2.00.5
Orange 7.5£1.01 Tomato 1.89+0.12
Grape, red 7.39+0.48 Yellow squash 1.5+0.3
Red bell
7.1+£0.5 Pear 1.34+0.06
pepper
Kiwi fruit 6.20+0.52 Iceberg lettuce 1.2+0.2
Grapefruit, pink 4.83+0.18 Melon 0.97+0.15
Onion 4.5+0.5 Celery 0.6x0.1
Grape, white 4.46+1.06 Cucumber 0.5%0.1
Corn 4.0+0.5
Table 14. Antioxidative activity of different blueberries.
) ORAC Anthocyanin Phenolics Ascorbate
Species
(umol TE/g) (mg/100 g)
Highbush 24.0+£0.7 129.2+3.2 260.9+6.9 10.2+0.27
Southern
) 16.8%1.9 92.6%4.6 227.3%£6.9 4.9+0.12
highbush
Rabbiteye 25.0x£2.7 123.914.2 339.7x14.6 8.4+0.21
Lowbush 25.9£0.4 95.4+2.6 299.0£18.9 16.4%0.1
Mean 24.0£2.0 122.7+11.0 290.7%+20.5 9.6%+0.8

Table 15. Antioxidatice activity in blueberry fruits and leaves.

Tissue

ORAC (umol TE/g)

Phenolics (mg/100 g)

Fruit

15.9
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Leaf 490.4 44.8

2003 3ol AMEdidu FAAHATHS F& oA £ w39 AHE
B sfol A EFul g (Vaccinium corymbosum L.) 8%%S A3 then 3ol A
28kt Al

‘Sunrise’ 5 7E%F3 WA &<l ‘Sharpblue’ 1%F 5 8EFFo|At}.

IL =Z O ¢
ERCR™

1>

Bluecrop’, ‘Bluejay’, Dixi’, ‘Jersey’, ‘Rancocas’, ‘Spartan’,

HEZ gol TP 4FES] B5d B A4 Aol Hul 1E/10ash 27 W&
(22-12-12) 150kg/10a% & ¥ Zo| S0om AEZ AL AAAE B8 33
o 2x15m BHASE A4 FHo|E % 50cm, o] Semz W F MER Ao} A

2 L2 E@stel A4sgnh AL ARA hgRoR AYsAw A A%

A Atolel = Fx WAlE v E(weed stop)E HFatom, A2do] dAe= 2
= S AARAT

2mm T vs o] @x= Si3lal, Az A AAVE F3EE ARV A4
Absh= Al71E Sl

Nep7l= AEkA], mE7] S OREE ZIRbe AbeRlYh REke 2 EEEE A o
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e AZIR sklar, w7E @ el A dA 3o 707 80% =7 AMskek A7)
= aglon, Jhst 7|3 FFERE A Zo] d= AZIFE wAY o] 3le A7
= st

Az AH HAS FAME7] Y8 ‘Bluecrop’® ‘Sharpblue’E thAto = 49 23

ARE 17 Aoz WA 3UA wol A ek Ao dolE ZRsAAT
A

—

Nz Aol ¢hds] WE 109 sheoll E57] 2wollA] A Az Zdojof A%
oA A =R Aol FAHI o, 2% = Ax Zdold wel 10cm ©]
3k, 107 30cm, 30cm o4 S o® Rl ZAlEAT

stol £351715 FAFel7] 918 Bluecrop’® Wi o® Az A1 AA7I 54 &
FE Y HFos wex Ade] =& A IAN TAHS A ve
FAA(formalin-acetic acid-alcohol) 7% 9(Berlyn®} Miksche, 1976)°] Yo =¥
itk wAde By ARE JAF FIE I TS Bol Wl F 9utA|E &
AR gAY s FEEd gedoe] 11E 4191 Alg o] Yal 60T 7
Aelet & gt A(mp. 46 748T)0 LERE A4 Yo 7oA
stk 8k 9 B (mp. 56 T580)el S &7 12413 ol Ay

o1
A

o & x2S ety g xv) gl Fo mHe] gk who] AIZH FEo] 4l

%38 ol &3k $hHs] wow xu AAE wo] Wil o] Z Ho|EF Alrh

YEZ 5 § rlold2F 02 10um FAZ A% d9s HEJT. Add 8
of AEAZ &Hfol= FH~

of 4% TETY G5 Wojrmyl 5 of ffo] AL

U3 0.5% JAE O-lo R o]F A3 (0O'Brien®} McCully, 1981
& @M= 10wl A gAY gid gtz Zedste] #Zsict

Ol A A oAl B FFW Bolrle} Az G AAVE 2AMH
A= Table 13 o}, EFugle] Holr]= sheoll A 49 ASeoln oM,

‘Sharpblue’7} 349 23¥ = 7P Witk U5 2% ‘Spartan’ 39 24¥o| o
‘Bluecrop’®] wol7]= 3¢9 27dolltk. ‘Bluejay’' e o7l 4€9 12d9|%x
‘Jersey'$} ‘Sunrise’9] Wolr]&= 49 13U = 7P =R wEbA el A7|ER %
7] ol FFL ‘Bluecrop', ‘Sharpblue’, ‘Spartan’ Tolu, F7] wolAdl=
‘Dixi'®} ‘Rancocas', WF7] wolA o= ‘Bluejay', ‘Jersey', 'Sunrise' 5°]1t}.

‘Sharpblue's WA slo]FAI2 A& QG %7} Wol(Sharpe®t Sherman, 1971;

_76_



Spiers, 1978), AH 1 7]&0o] 12713TQ! it Ao Ak FHo] I ety
of ot o] R Al BFulgl FFHot dolrt w2 o R AZtE T} ‘Spartan'
‘Earliblue'S 1y RE o=
A 715 A HGough, 1994).

Nz A AANE 59 AR 79 FEANZ FEEe A7 g wop]

4% 254 FF07] Wil Zolr7h wE Aew

7} wgke ‘Bluecrop’ @t ‘Sharpblue’e] A% A1 AX|7|= 247 54 Aoz wiglk
A9k ‘Spartan’ & 6Y F+o®2 =9l Dixi’, Jersey, ¥ ‘Rancocas’'s 79 16Y
2 71 =A7A AT wEbA slolFA] EFE] FE9] wolr] 2Thbde

Az A AAZIE Bdol #an, FF Ao Aok Bde] e AoR AZES

o

‘Bluecrop’ ¢} ‘Sharpblue’®] A% AAHEHL Fig. 13 Zow 5+

T/ w43 Aste] ERuEEY it HEe 5 TR AAEJANY ¢

e 1A Aol B 25 FHH A AN aL(Gough 5, 1978),
27 Foll oAl Aol F7hE= 3aF A AEFES

5 gntstA Aekdth. webA ‘Sharpblue' 7}

I AAHGough, 1994).

Table 1. Bud burst and shoot resting date of highbush blueberry (V.
corymbosum L.) cultivars in lksan, Korea.

Cultivar Bud burst date Shoot resting date
Bluecrop March 27 May 13
Bluejay April 12 June 4

Dixi April 8 July 16
Jersey April 13 July 16
Rancocas April 3 July 16
Sharpblue March 23 May 5
Spartan March 24 June 21
Sunrise April 13 June 21

_77_



Shoot length (cm)

(€3]

—&— Bluecrop
—O— Sharpblue

Q1

B

1 N S [y [ S S ) I
23 30 7 14 21 28 4 11 18 25 2 9 16 23 30

April May June July

Fig. 1. Shoot growth of ‘Bluecrop’ and ‘Sharpblue’ blueberry cultivars.
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ifs?

FHle] Az B 542 Fig. 29 o] ZAFe 49 Slo] A/lHA &2
ANz arbete grgo]l A Hol(Fig. 2A), =, 7 59 &7

StA AR dolrp Holx HE fAFotE  FASUHGough &, 1978;
Westwood, 1993). &5Au Aapx] 2ol Q= Algoe] A3k A%, 431 apyol A 2
Agh =g Ax 2 FAY Aok tiFE 23 e 33 AFs ssithFig.
2B).

Sy AopA o] doto A A MxE iR 12 A F Ao A HSA
om, AekeA WA M= 7Y Aol Aol BAHAG. FHsHol A =%
Aoz Ak 7HA= Stol w317] o5 A] BES ALl EEAR HAY. AR
| HE Aot B O opgF £ stolr Bl om(Fig. 2B), stolk= 7449
Aol A7l ZAA stotolm {lots EFHA] we 8 stobslth(Ecket
Childers, 1966).

Exun 495 2870 BrolA A Aze £ ael B =g o

o

i)
o
Ll
||V

A& tH(Table 2). ‘Bluejay', ‘Rancocas', ‘Spartan’ ¥ ‘Sunrise'7} # &
e B orm Dixi'7F /WA o)At Dixi', ‘Jersey', ‘Rancocas' 2 ‘Sharpblue'=
FAZY e FEOIATE. WA B A2 947 15.2cmE EE 7hl| 2]}

2tk ol EFHE FFY Ao #-e] Ao (Gough, 1994; JBA, 1997),

A7 5 AE< Bluecrop'® ‘Sunrise'®] 21x#o] Z+Z 11.6cm® 9.4cm= #F
Skar, A7} 73k ‘Dixi', ‘Jersey' % ‘Rancocas'ts 14.9715.2cm® Zt}h. A H &

= WA e ¥ AxFAes dEAdo] Kotk =FAE= 33.1764.1cmE
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BT —»

A

Fig. 2. Shoots showing apical abortion (A), and development of second flush
of vegetative growth (B) in blueberry. BT, black tip; FB, flower bud; LB,
leaf bud; SF, second flush.
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Table 2. Tree shape and vigor, growth of terminal shoot and water shoot

in highbush blueberry cultivars.

Cultivar Tree Terminal shoot Water shoot
Shape Vigor (cm) (cm)

Bluecrop medium medium 11.6 £ 5.377 46.6 £ 24.56
Bluejay upright medium 11.8 £ 3.23 38.7 + 16.89
Dixi spreading vigorous 15.2 £ 5.15 471 + 18.59
Rancocas upright vigorous 14.9 £ 3.08 38.0 £ 27.88
Sharpblue medium vigorous 13.6 £ 5.07 49.7 £ 23.02
Spartan upright medium 12.2 + 3.83 33.1 £ 6.05
Sunrise upright medium 9.4 £ 1.88 53.9 + 16.68
Jersey medium vigorous 14.9 £ 5.96 64.1 £ 23.33
‘Mean £ SD.

WA T el Aer Alxe 23 Aske A97F Aol AxAe] 57 6cm
2 ASkAIRHFig. 2), AdolA FAT ANxe 22k e 3A7HA] Agsielon, gy

wdold Aol AAH A

Sh?
o
3
e
ol
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Fig. 3. Growth of flower bud of ‘Bluecrop' blueberry cultivar.

‘Bluecrop’ & o= Aol AA A 2z 914dote] A7|5 AVIERE A
H(Fig. 3). A%9 Aol Wi 259 549 a9 Aol F74o] 2.3mm, 18
Aol 1.lmm AER ARAR 69 st/ ohak vdiEH ATk ey Az 23

M= 1okl Aol M7 A
8 o7 ##3 A(Fig. 4A), 3ty 23S A%
g Ak 849 S Ao w43 Hldiste 949 st T4
4.7mm % 3.2mm%oH, 9€ kol f178ok el the] A3 FAE RS HF
& 4= ATk (Figs. 4B, C, D).

99 sheE thadl 39 skEstbAE f1-ole] Av]dle & Wb AR o)
Fol= Jed oz vyt dojupar gldth(Figs. 4E, F). 8€ 3h&y-H vldisiA WA
A FARAAoR Asrt YAAHUJAAR, Aste] of AL FIEA & JH o,
Al 11€ellE =¥ wF7F JeE 25U h(Fig. 4B). Mgk 257 H 3¢

=
[e)
Tl AXA BAETE T EdE o] 4382F shito] BEE I tH(Fig. 4F).



Fig. 4. Process of flower bud differentiation in ‘Bluecrop’ blueberry cultivar
(x<10). A, longitudinal section of flower bud on August 30; B, flower bud
with florets on September 30; C, cross section of flower bud on September
30; D, longitudinal section of flower bud on September 30; E, anther of
formation on November 17; F, pollen tetrad formation on March 30. An,
anther; F, floret; O, ovule; P, petal; PT, pollen tetrad.

99 Fe] shop E3p= Al A3 A A7 dof
YA v (Westwood, 1993), &}o]
dojurz sto} £3} AI7IE 549 A7]= A7 ol k. Gough(1994)+=
FHlE] el stop 3t E 7Y AeFH 99 Adwoldt shalAR, o4k A ] sl &
371 8¢ sk om AZE A

FEAn o] A4 FUAY dod L 5% A A Table 39} 2

A



o A Al S el AR 10em olstE gL FHAeh, gl
A g 107 30cm Aolo FHAlolE Fwo] 22 1.27 25709 1.7 7 3.370
Dixi'= 7HA deoldz FwmarF 22 25709k 3.370 2Aste] e EFFol vt

7} 1.

3

ZA e EAS 2t Gough, 1994). ‘Rancocas'$t ‘Spartan'& 2L
6717 2 1.27 1.3/Z v2 EF0 vlg 2-& Holqdt}

w2l 7Zhgel slol Ha EAjo] AFSIH (Harada, 1984), A% A1#o] A

[o5

$
A ot mabEe] gersha 1wk ofele] gl Slobsh Hobe] S s

AAe7E Ak FEwe AAokE £¥ete] 1 ofE w9l AN dholol ™ (Gough,

o
1994), &L 7129 AL $A4o}E 3

H~l

ghate] Z1 okl 27 3WA el Azlem, 31 7HA]
o= 374WAZEA FAHAT Dixi's THA mo7bA] A EAT. EFHE s
aiojel 17H9] seo] ZAAE = Wololm, Firol= Qlojut ZpA7F LA il 43}
W 67107 dAEHE &4 dolo]th(Ehlenfeldt, 1998; Gough, 1994). 14}
‘Bluecrop’= 3to} o] 22 lipe] F4H 7% sto] Hote] 5EA4S Ko ¢ AT

3 = davt sl
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Table 3. Number of flower buds by branch length in highbush blueberry

cultivars.
No. of flower buds by branch length
Cultivar < 10 cm 10730 cm
Range Mean SD? Range Mean SD
Bluecrop 1-3 1.6 0.80 1-3 1.8 0.72
Bluejay 1-2 1.6 0.49 1-4 2.2 0.85
Dixi 1-5 2.5 1.07 1-7 3.3 1.57
Jersey 1-3 1.9 0.67 1-4 2.7 0.72
Rancocas 1-2 1.2 0.40 1-3 1.7 0.58
Sharpblue 1-2 1.5 0.49 1-4 2.2 0.76
Spartan 1-2 1.3 0.45 1-4 1.6 0.76
Sunrise 1-3 1.7 0.67 1-3 1.7 0.67
“Standard deviation (n = 20).
3. ME EM
59 85T 2 52 24 &89 Sgomt 874 dol, 2w S5 2
of, state] dole} % & AT e SAHoEE 7 7, 99 2UHE T
247 ol B 2ANAT. £ St H AR A@0dA ZFolE 2
g 9o &S 29 T AW FY2E e U gHS Ty ZrEdAeR
L {iﬂ TE FAsIY YR 2271 ol 10% sucrose®t 1% agar 7] wj
Aol 20mgLl ' HsBOs2t 30mgl™' Ca(NOs)»4H:0E H7bsk w2 (Kwack, 1965)°l
A 3AIZE ol 7l & kol A of wef (o), &(+), F(+++), TH+++++) T2
F2-agict
S EAoRE g5 dolet A Ul Wi & ZAIYE A Ul vl e
A 2z And F 4 AND NF 28 250 gargln.



432 sk (pollen tetrad)e] et HAS ##3st7] fl&l /st 119 #AA 39 F
THE NSt A7EA] 5Y Ao ZES AFSte] FAAH agAIZl F 99
Holl o8] #&3L tHBerlyn¥ Miksche, 1976).

FAF AR dv Ao R ey el FEE Pty 8] FAA g o] Bt
25 AE JAxE Y5 3715 Fol W F oekE(50, 75, 90, 95, 100%)= ©FA
7 oliold olAlEHER MAT ATt A3t olatstetihRz AN AxRE
O.1mbarell A 180%3t & FE I F FAF A A H(JSM-5410, Japan) o2 #
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# 5 P4 A% AvGoR 9
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2B ¥ 3 9} FUdd xHow F = 5
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sfol A thE FE< ‘Bluecrop’ FEE| 43 4L /1FoR 2o FUWL A
How e nW(Fig. 5) dYote] BTl }FE APoRVY Bol FEo

UATE sfol A Bl el stgo] ol styke] Holek H|2EkltH(Lyrene,
1994).
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| 52 7M8l7]1= Fig 6.0 debdl nieh v EFH e 78] = 49 S
59 FaketAzE oF 1Y AXEY. AsAE Holr]7h wakd ‘Sharpblue’t
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Jersey' 7} ZVZF 49Y 2393 49 2592 =¥ Holgth AA £ 70780% AL
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Al
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Fig. 5. Schematic representation of longitudinal section of highbush blueberry

flower.

38 e A7 2 e 8o 2% 7MesA THLang®t Danka, 1991), o]
Zgo =z A7t o] ofyga wsl #Fo o3t By o] F HEE st
(Lyrene, 1994b). H3+ BV} 4 Al $A4E°] o} T4 7 @7

(El-Agamy ‘&, 1981), zt7} 25 A4S & 5 A== Jist AI717F vls2dt o
1

E=)
M
K-

ot A =AE7E 49 107 20€7h4]01H, 443t 59 =AME Ed Lol 5U=
A2 HO|tH(RDA, 1990). wehA ZHSAI7F wheE A5 FF55 e 8o 87t

DA NS7)17F A7) Wl 7 grdE £ gls Aew Azdr
FEE g 2 FE ARSI THTable 4). 259 2 FE 687110 %
of weh ztel7b Zlew, 7 FF o= Weo] A7t 10.6 7 23.2%% Afol7t &

Holdtk. 53] ‘Bluecrop'¢t ‘Dixi's Weol AF7F 242F 23.2%9F 22.3%% Wel7t
Z F3° F5lth Bluecrop'®l #w9 3 e 1LOME vE FFTHY 27 471
@ttt EZuyg EF FoA] ‘Bluecrop'®t 'Dixi'7}F E4F 21 8(Gough, 1994),
‘Bluecrop'& 7FA'3 % 43 (Table 3)&= 1.6702 U2 EF3 v q At LT
F7F 253 B7] witeld, Dixi's 7MW #w F7F 257332 B

S5 B qron 4799,

A
Hr

oft M
M
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Bluecrop M
Bluejay - —
Dixi -

Jersey el
Rancocas -
Sharpblue M
Spartan ]
Sunrise -

16 20 24 28 2 6 10 14 18 22

Fig. 6. Blooming period of highbush blueberry cultivars in Iksan, Korea.

Vertical bar (OO) indicates full booming date.
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Table 4. Flower number per inflorescence in highbush blueberry cultivars.

No. of flowers per inflorescence CVY

Cultivar
Range Mean SD? (%)
Bluecrop 8-16 11.0 2.55 23.2
Sharpblue 7-16 8.9 0.98 11.0
Sunrise 6-13 7.6 0.94 12.4
Bluejay 5-13 6.8 0.89 13.1
Spartan 6-10 7.6 0.94 12.4
Dixi 6-15 9.0 2.01 22.3
Jersey 6-12 7.2 0.76 10.6
Rancocas 6-13 8.6 1.21 14.1

“Standard deviation (n = 20).

YCoefficients of variation.

stol FA] EFHEl Y F5H Aste]l FHd 5A4S R (Table 5), ‘Spartan’€]
ol 7F4 Z1ew, ‘Rancocas’® Zo] 7P Zdth 29 L/D&S ‘Spartan’¥}

‘Sunrise’7} 0.983% 1.13%2 YEh} ZZeo] Eoko] ddo 77l o ymx] FFL

F IR
L/D&o] 1.227 1.442 Zo] wefo] FPolnt Dixi's L/DE] 1,442 & 2 A
Hls] dol7k 11 5ol Attt EFuE £ Fe= Wt 230 €F 2 FH4E

o

3 ##Ho] 9o (Ecke Mainland, 1971; Ritzinger¥} Lyrene, 1999), % Zojx
Zo] Hlo] L/D&o] 2 Ho] Fel felstth(Ecket Mainland, 1971).

sl7e] Aol 3.178.8mm=E EF 7+ Aol7t 7o, ‘Jersey 7} 8.8mmE 7HE
%3l ‘Rancocas’”’} 3.1mm=% 7Hg Z Ut 434 dol7t o A7l &

gl Aol U Aol el BEe]l YYHof FAo ] FF 9

=EE I e dRE e, & Fole 6719 A= UMY Vaccinium
& AES T ot Aurt 471078 2o o] HAIRH(Austin, 1994) EFHlE
=AY 7 578 Aol Aotk My HE Ay 7 6709 = BEESle



™, o wf i = 6730
FTH = 9 do|, 3] doli= Table 67 #th 'Dixi'¢t ‘Sharpblue'®]
= T BE o] 1070z WolZk gldARE, 1 9o FF2 1170 127091 el

Aol 4947} 67190 22 BARJGE AL < F A

Table 5. Diameter, length, size, and L/D ratio of flower, pedicel length, and

number and length of calyx in highbush blueberry cultivars.

Flower Pedicel Calyx

Cultivar Diameter Length Size® L/D length Numb Length

. mber
(mm) (mm) (mm®) ratio (mm) " (mm)

7.41£0.14 5.2+0.1

Bluecrop v 9.7+0.11 417.2 1.31 6.5+0.28 3 4.940.15
) 10.1+0.1 5.1+0.1

Bluejay 7.8+0.14 3 482.6 1.29 7.7+0.30 0 4.440.06

. 10.8+0.0

Dixi 7.5£0.20 g 477.1 144 6.9+£0.50 5.0x0 4.94+0.14
5.1+0.1

Jersey 7.8£0.10 9.5x0.16 453.9 1.22 &8.8%£0.14 1 4.8+0.06
5.2+0.1

Rancocas 6.1£0.16 7.6%£0.13 222.1 1.25 3.1£0.18 3 3.4+0.09

Sharpblue 6.94£0.08 9.2+£0.15 344.0 1.33 7.0£0.33 5.0£0 4.4£0.14
5.1+0.1
Spartan 9.6+0.21 9.4+0.18 680.4 0.98 7.5£0.50 0 4.8+0.13

Sunrise 8.3%0.11 9.4+£0.14 508.6 1.13 7.8£0.37 5.0£0 5.9£0.11

) 1 )
“Size calculated by th(dlameter)2 X length.

YMean vaule = SE (n =20).
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Table 6. Stamen number and length, style length in highbush blueberry

cultivars.
Cultivar temen Style length Distance”
Number Length (mm) (mm)
Bluecrop 10.8 £ 0.20° 6.6 £ 0.13 9.0 £ 0.13 2.4
Bluejay 10.2 £ 0.13 7.0 £ 0.12 9.8 £ 0.17 2.8
Dixi 10.0 £ O 5.8 £ 0.14 9.0 £ 0.14 3.2
Jersey 10.1 £ 0.34 7.3 £ 0.09 9.2 £ 0.08 1.9
Rancocas 10.3 £ 0.26 6.2 £ 0.09 7.5 £ 0.13 2.3
Sharpblue 10.0 £ O 6.5 £ 0.09 8.1 £ 0.19 1.6
Spartan 10.1 £ 0.10 5.5 = 0.22 9.1 £ 0.16 3.6
Sunrise 10.3 £ 0.21 6.7 £ 0.11 9.2 £ 0.12 2.5

“Style length - stamen length.
*Mean vaule = SE (n = 10).

Tz dolx= 5.577.3mm HAFoH, ‘Bluejay’$d ‘Jersey' 7} 2zt 7.0mméet
7.3mm= AR, ‘Dixi'? ‘Spartan’e] 2zt 5.8mme}t 5.5mm=E ATt 3 o)
= 7.579.8mm WHHNSH, Bluejay 7} 7F4 A3, ‘Rancocas’ 7} 7 Z ko)
‘Rancocas’= ©& #Fol Hlste] o =77} w9 Zol(Table 5) &3 3159
Aol7b e Aeom AAHAY. £7HF7F wiEH s sAMY EFEd FFeke] 7
gl7h Wy Zogo] urtteE Hoz HW(Eck®t Mainland, 1971; Suzuki®h
Kawata, 2001), ‘Dixi'¢} ‘Spartan'e] 3.2mm¢e} 3.6mm= 7} Ho] =& 2 Ao
28 & Aoz AZtE

TF=9 FHE dAvE Fo= ##FS AHRFig. 7), AH(filament)= HFH oAl
Tgo] Z wgdyo] glom ok 2%(lobe) 44 (ocule)olar, ZF el FLAA7}
#How o]Fojx AUJTHFig. 9A). EFHIE S FE7FF= JHeF Al oFH o] B{X|WA

shHpgol Lot Aol oheh Wol} st g 2EEl g AEe /e ¢

=

IR
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EFH g AREAE sHEe] e S BEegivk(Fig. 8). EFHg o s 3

Aol g BEE Fo BEHA e AR A3 AR ol
(Bhojwani®} Bhathagar, 1974). Zt7}e] st dol4+7F 37091 378 sk
(tricolpate pollen)e]™(Bold &, 1980), o} Aok 47]¢] shEglo] #2=A &

3l 25 2olstdth(Fig. 8D).

Fig. 7. Highbush blueberry stamen (A), anther (B), and tetrad pollen (C)
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observed under a scanning electron microscope. An, anther; F, filament; P,

pore; Pd, poricidal dehiscence; PT, pollen tetrad.

HEEs ARAARG

Fig. 8. Pollen tetrad of highbush blueberry before meiosis (A), after meiosis
(B), under a scanning electron microscope (C), and during germination (D).

An, anther; MC, microspore mother cell; PT, pollen tetrad; T, tapetum.

ookt AL st o Wol# S XA THTable 7). #3$E
o AMEA 3R] = 4007 1,30070=  =}el7F F T}k ‘Bluecrop’, ‘Bluejay’,

‘Dixi’ ¥ ‘Sharpblue’s= AFEAF 3 427} 1,0007] o]Ao =& 3} 7} @ E£4

%3190, ‘Jersey'®t ‘Rancocas’™ 4007 AHAEZ A2 HolQuh ol F&
‘Bluecrop’@?}t 3t Hol AAW ‘Rancocas’”7} 7V #w%omw, 7 thgo= shitol

1,00070 o]A+¢l ‘Bluejay’, ‘Dixi’, ‘Sharpblue’7} v 7 =9ttt g 32 7}

8007 A =<¢l ‘Spartan'¥} ‘Sunrise’®} & F7F 4007 A== AL ‘Jersey' o &
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Table 7. Number of pollen tetrad per anther and pollen germination in

highbush blueberry cultivars.

Cultivar No. of pollen tetrads per anther Pollen germination”
Bluecrop 1,264 + 617 FH++
Bluejay 1,007 + 57 4+

Dixi 1,023 + 64 +++
Jersey 410 = 54 +
Rancocas 475 £ 41 F
Sharpblue 1,363 £ 45 +++
Spartan 840 + 26 +

Sunrise 848 £ 48 +

+, low; +++, slightly high; ++++, high.
"Mean = SE (n = 10).

FHlg = 4uiA] FFom 1 7]do] Huld] At Jd FEo A
B 2 A2A A o8 Este e 2uiA Vaccinium® FE°] AMA w7y
T gl s whEo A7) Wil F& 4viA|E(autotetraploid)]l A-F-7F Wk
(Cockerham¥} Galletta, 1976). &A% AMA wj7te] & whEox 54 48)A]
FeL Yol wta, T wgel &) whEo 7l o] 4nujA (allotetradploid) ¥ &
Aol Frh(Megalos®t Ballington, 1987; Oritiz &, 1999). whebA AREzp shi
ol wolgd oz B w, ‘Jersey’, ‘Spartan’ @ ‘Sunrise’t °]Z wjFAHUE T2

Al ESo AT AzEgen, dow Ak ¥4 Fom #ad Bart 9

7o o FElFig. 11D 5709 Adl(carpeD7t 350l shte] des

gAst= 3 thaly Ao (syncarpous gynoccium)©]tHEasu, 1977). 570¢] A4t
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(Figs. 9A, B)2 steel =este] Ade AL Addiet FAAA % (Stern, 1994),
5709 35t F57F fgE AR A B2EE HLS AF9 wjuFets e g
% tHBaegt Kim, 2002).

3} UF-(Figs. 9C, D) ¥-AF R FUdF7 nlo] Addon, =1 % Ho 3}

# Ae ZZ(conducting tissue)o] 57] FAHo] AU} Bhojwani®t Bhathagar,

1=}
RUN

F59 A(Figs. 9E, S &% 718d o] Zujr|E o] & HYgow
g shEd et meEbd T e

MEE AMER SHio] FRo] Ra

Fig. 9. Photomicrograph of cross section (X4) and viewing under a scanning

electron microscope after cross section of ovary (A, B), proximal style (C,
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D), and stigma (E, F) in ‘Bluecrop’ blueberry cultivar. C, carpel; F, fruit

fresh; O, ovule; Os, open space; S, stigma; St, style; Vb, vascular bundle.
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398 A a5 (Table 8)% 3976771 W% eH, ‘Sunrise’7} 67712
7F 29k, ‘Dixi’, ‘Jersey’, ‘Rancocas’, ‘Spartan’ 5°] 397417/l A& #Ho|
t. EFHlE e FF el ¥wilF 9 Wyl Ava deEA dATH(Vorsa T,
1987), #% WelA &= We] A47F 11.6 731.0% BE= Wo] Zo] & et}
HHow Ad¥ Fosiry A7 2 AEALdFES A" A S o B
(Lang®} Danka, 1991; Moore 5, 1972; Ritzinger®} Lyrene, 1998)7} o], A9+
o] w5 o s A 9 A 3719 #-o] & Ao E AZE S

Z7HE 7 B2 w0l wobgol Eob ‘Bluejay’ 9t ‘Sharpblue’s tid oz A7t
T BF FEe Al F AsTld A oh 3l 548 A Table 9).
‘Bluejay’ ¢} ‘Sharpblue’ 25 A7} v Al 2 527} 242 8709 6702 v A
o} z22]ar Eb7F ww) Aloli= ‘Sharpblue’o] ‘Bluejay’'E wiE A$- 2 71 41
MA o™, ‘Bluejay' ol ‘Sharpblue’S wH|e ALoE= 22} 427} 18712 X7} aiwj
B} @t} o]A ¥ ‘Bluejay’ ¢ ‘Sharpblue’s= A7} wujxo) gl7} wufo| A Fx}
HAEo] U (ElFAgamy 5, 1981; Lang®t Danka, 1991). 18\} oFd AFEX}F 3H&E

5ot (Table 7)2 w5 43(Table 8) 5°] WRE 5 &F 7kl B uwl] Al F4

PN
~
ol 2 Aold mel e ow o YEG Bast o)

=

752 ‘Sharpblue’S EF7F wujAZl Zo] 2.5g0 8 A7F mujAZl ARt 3
o ‘Bluejay' & A7} = b7 wHlA 7l A ztol7b gt gy =7 2 g
7h alfe] wmE Z} FFolM e Wik Apol= HolX] gktl. ‘Sharpblue’oll A A7t
WAL Aol B wujAll ARG A0 AL T 7 AUV WEoR
AZFE) A HBrewer® Dobson, 1969; El-Agamy %, 1981).
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Table 8. Ovule number per ovary in highbush blueberry cultivars.

Ovule number per ovary (GAVAd

Cultivar
Range Mean SD? (%)
Bluecrop 39-88 58 12.7 21.9
Bluejay 43-62 54 8.2 15.2
Dixi 32-47 41 5.3 12.9
Jersey 26-50 39 12.1 31.0
Rancocas 32-52 40 8.1 20.3
Sharpblue 30-81 56 15.6 27.9
Spartan 27-50 41 8.2 20.0
Sunrise 58-77 67 7.8 11.6

“Standard deviation (n = 10)

YCoefficients of variation.

Table 9. Number of seeds per fruit, fruit weight, size, and soluble soilds

contents in self- and cross-pollinated ‘Bluejay’ and ‘Sharpblue’ blueberry

cultivars.
No. Fruit Fruit size (mm) Soluble
Pollination of seeds weight . soilds
per fruit (2) Diameter Length (°Bx)
Bluejay X Bluejay 8 ¢’ 1.2 b 13.1 b 10.7 b 11.7 b
Bluejay X Sharpblue 18 bc 1.5 b 14.3 b 11.6 b 12.3 ab
Sharpblue X Bluejay 41 a 2.5 a 17.2 a 13.8 a 13.3 a

Sharpblue X Sharpblue 6 c 1.4 b 13.6 b 114 b 12.9 ab

"Mean separation within columns by Duncan’s multiple range test at 5%

level.

N
i)
>
Am
0x
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Zo| A 707 80%¢ HAS

Aol WA F A5E

Lo

37 (diamter)¥} ¥4 (length)S A3 L/DES Tl 4 & #4 v
A AN He= A vs T, g AAs s Ae B AR sk
== X" 24 9E=A4(PR-100, Atago Co., Ltd., Japan)®Z &334
omn, b FFE HF  SmLE THS 20mLE g4 AAF1%
phenolphthalein)& 17 2%-& 7}stal 0.1N NaOH=Z 3oz wsh w7« 274
g 5 AN e #tekqlth 9 A4S chromameter
(CR-200, Minolta Co., Ltd., Japan)& Ap&-sto] u|del] Sl= & AAE F L,
ax, b* S =438 th. Hue angle(h®) %S tan '(b#/a*), chroma(Cx) #<
(ax™+ b2 2 AeHA T McGuire, 1992). 3 &4 Z471(SUN Rheo
Meter, COMPA C-100)%2 274 1mm ©l1H 9] XY=E F43st] FHyet 345 5§
2o Ax oz 3aeitt

A FEdId /1A BAE s A9E AlAStL #% 10ge FHskel 80%
HEE 20mLE go] vl = A ol 30:%7F 3,000rpme. 2 Al gk %
0.45pm membrane HEZ oAFA|A WdEs o HIASYUT. HAE ABEE 3mLA
FZ3te] HPLC(Model 62C, Waters, USA)E ©]-&-3to] #A]3kqdth.

I A wE a3 A wdste] #AlE 2AFek7] 18] ‘Sharpblue’E o
Foz s 149 A(mature green), < 79 H(green pink), = 49 H(blue
pink), A< 24 A(blue), A<7](ripe), A< 109 F(over ripe) 5 6WARZ &
&tod(Shimura 5, 1986; Shutak =, 1980), chromameter®} =3 &4 =H 7|2
=745k
T A7E B BEAS A 918 ‘Bluecrop’@F ‘Sharpblue’ & 432 -
]

PR F AT, T4 GE, A TP, A%, F94 & 24

—

‘_‘

o)

Pal}

il
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A A7|E 3 EAS FAEH] 98] Bluecrop’$t ‘Sharpblue’s iAoz 3}
A 7% 37 4g), T2 73g), 2172 % IR FEE BT, A £, D
%, A% T2 ZAMSISITH
‘Bluecrop’ & Wl ez 32 A% EA4S A =d(Fig. 10), v & 35U 47}
A o] g4 Agstlem oF 25 Ak Aol ehwteinirt <)l vl &
704744 thAl Akl A A<l olF SAF A A4S YERATHKIm 5, 1996;
Westwood, 1993).

olib Ao A ‘Bluecrop't= 39 27do| wolsle] 5¢Y 14U7tA] F43 AT
5 AAER oW (Fig. 1), A Az o] AA3 o|FZrE T3] AlAarad)
ER I Aol eknbgk A7) Alx7F 23 A Al7Iek dAlEin
7S ZARSE A= Table 109 #t) 58

_—

N _
FEUE 4% 95 57 2 73 7

W Ao des 587729 % Wolzk Zokth ‘Spartan’ S As At 58U E HE
Z3k1, ‘Bluejay', ‘Rancocas' @ ‘Sunrise’7}F Z+7F 644, 634, 6194t} ‘Dixi’

¢} Jersey'® 247} 7193 729 % Aa A7t 7B Aol v EFFo|UTE e
37| ‘Spartan’e] 6¥€ 23¥=E Jp% wgka ‘Bluecrop’, ‘Rancocas’,
‘Sharpblue’, ‘Sunrise’ 52 7¥€ 242 U3 oH, Dixi’e} ‘Jersey' 9 <77}
78 129 % 7HE =dvh JisF mE F3UdsE Y] A WA e G Eol
o (Suzuki®t Kawata, 2001), ‘Sunrise’= 71377} = A7k Fig. 6) <77} w
& Helglew, Mer|7b 74 w5kE ‘Sharpblue’s A5717F 699 & 21 HolAth
43} 71718 ‘Bluecrop’, ‘Bluejay’, ‘Sharpblue’7} 69 234X g 7¢€ 22471x] 3+
2 A= o ‘Rancocas’ @t ‘Sunrise’s 69 2345 EH 7€ 129714 209 A=
o} Suzuki®} Kawata(200D)°] ¢J3t¥ ‘Jersey' o] A% d5E 70¥eH 6¥9 Fo]
W A 96%7F FEE T dglon E A E s ATt 719 ® vl st
RARE A=717F 79 1292 1/HE A= Zol7F AAG AL Au) x[H e Aol
A7y}, ‘Spartan’> 38}t A7) thA =JAARE TN 7)7F w2 51(Fig. 8), &
717 w2 dZ A0 28E 545 UER A tHGough, 1994; Suzuki &, 1998).

-
T
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Fruit diameter (mm)
©

10 20 30 40 50 60 70 80 90
Days after full blooming

Fig. 10. Fruit growth in ‘Bluecrop’ blueberry cultivar.

Table 10. Growth period and maturation and harvesting date in highbush

blueberry cultivars.

Growth period

Cultivar (days) Maturation date Harvesting date
Bluecrop 67 July 02 June 23-July 22
Bluejay 64 July 02 June 23-July 22
Dixi 72 July 12 June 30-July 22
Jersey 71 July 12 June 30-July 22
Rancocas 63 July 02 June 23-July 12
Sharpblue 69 July 02 June 23-July 22
Spartan 58 June 23 June 18-July 12
Sunrise 61 July 02 June 23-July 12
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wod HFd H ¢ 2 HAES 2A A3HTable 1), H53 F3 F=
6.179.872 FF kel Zol7F Zith Zb FFe] Wo] AlgE 21.97 34302 IF
T A Fo) ol AErE & Holduh FF5E S 867979 g =2

rﬂ

o]9At}. ‘Spartan’¥} ‘Sunrise’®] L2 97%E Wi FRIL Dixi'9 HIHEo]
86%= tha Wttt e ¥ 9 Wol Al (Table 4)7F 10.6 7 23.2%°]109 2

of Wlal BT A ol WMol AL F AL AEY Fgol FANA 23]

el 2o W)W fhpite] Avhso] AAF] W wob, 2 FFolEA
$ge FAsHe TR ehts o] A4S tehbd 2ThKim 5, 1996).

=
Ankr oz slol Al BRWEE B 10/ Fre o] A E A vHSuzukiot
#% Folle ‘Bluecrop’it 9.8712 FAFeklaL, ol 4
of 27 4ME At ey FHIkgo] v E9d How wol, AAdFge] AHd

Aele AQ F7h 394 fRoR FE afe 54L UehiA 24 mros A

ZW 12} 288 B B33 7339 Wul(Table 12), ‘Dixi’, ‘Sharpblue’,
‘Spartan' 2 ‘Sunrise'7} 2.372.6go. 2 t)FE| L, Jersey' 9 ‘Rancocas’ 7} 7}
7} 1.9g7 1.7g0 2 27E)ATHUBA, 1997). #3 A4 0.6870.842 HLA o]
907, ‘Bluejay 7} L/D&el 0.842 7b4 9ol 77k el 2 “Spartan'&
L/D&o] 0.68% 7} =35t}
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Table 11. Number of fruits per cluster and fruit set percentage in highbush

blueberry cultivars.

Cultivar No. of fruits per cluster Ccv? Fruit set’
Range Mean SD* (%) (%)
Bluecrop 6-16 9.8 2.67 27.2 89
Bluejay 5-11 6.1 1.43 23.4 90
Dixi 5-15 7.7 2.64 34.3 86
Jersey 5-12 6.5 1.64 25.2 90
Rancocas 5-13 7.7 2.39 31.0 90
Sharpblue 5-16 8.4 2.23 26.5 94
Spartan 5-10 7.4 1.62 21.9 97
Sunrise 5-13 7.4 1.85 25.0 97

“Coefficients of variation.
Y(Number of fruit per cluster/number of flower per cluster) X 100.
*Standard deviation (n = 10).

Table 12. Fruit weight and size, and L/D ratio at harvest in highbush

blueberry cultivars.

Cultivar Fruit weight Fruit size (mm) L/I?

(g) Diameter Length ratio
Bluecrop 2.1 bed” 16.5 cd 119 ¢ 0.72
Bluejay 2.0 cde 16.2 d 13.5 ab 0.84
Dixi 2.6 a 18.5 ab 12.8 b 0.71
Jersey 1.9 de 16.3 d 11.9 ¢ 0.72
Rancocas 1.7 e 16.2 d 115 ¢ 0.71
Sharpblue 2.3 abc 17.3 cd 13.7 a 0.79
Spartan 2.4 ab 19.0 a 13.3 ab 0.68
Sunrise 2.3 abc 17.5 bc 13.2 ab 0.76

"Mean separation within columns by Duncan’s multiple range test at 5%

level.
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FETERE 12 e B T4 7o FAHES AR vHTable 13), #8E &
2 e 227 3R FF ol 2 Aozt AT 2Ey ZF FF9 Wol Al
33.8768.2%= wWol AHL7F w9 Zo. Wo] AFvt 68.2%= Mg AW
‘Sharpblue'®] F2+ =2 ®M9le= 5783702 A 7 wol7t 7 Akt

FTH FAHAES 34.3782.9%% FF ol Zol7b vk ‘Sunrise': HlF F7t
67/MZ 714 AR TH(Table 7), £AF $7} 23712 Aol £AHFo| 34.3%= 713
wrokt}, WA o] ‘Rancocas's W5 71 40712 A YA %H(Table 7), &2 71 3471
2 7hd ol Aol FAHEC] 89.2%= w9 =AUt

o

Table 13. Number of brown seeds and fertilization percentage in highbush

blueberry cultivars.

Cultivar No. of brown seeds CV? Fertilization”
Range Mean SD* (%) (%)
Bluecrop 4-51 28 15.9 56.8 48.3
Bluejay 14-55 34 12.0 35.3 63.0
Dixi 4-41 22 10.8 49.1 51.2
Jersey 9-46 24 10.8 45.0 69.2
Rancocas 15-51 34 11.6 34.1 82.9
Sharpblue 5-83 34 23.2 68.2 60.7
Spartan 9-35 24 8.1 33.8 58.5
Sunrise 6-59 23 13.9 60.4 34.3

“Coefficients of variation.
Y(Number of brown seeds/number of ovules (see table 7)) X 100.
*Standard deviation (n = 10).

Bedlele shr]o] e wel FAE FFS vAH, st Fo|l T FFTAF
5 FAEC] o, FAMe] Aot FEUAe At s 1eal shke]
A5 FA4E0] "BolXItH(Ecke}t Mainland, 1971).

BRdlels A w5 7F 6071 Aol 4 A wE T4 45 A
o7} AN HIpEoll= FEFS WA B= Aem Wasta tk(Eck, 1989; Eck
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9} Childers, 1966; El-Agamy &, 1981; Lang®} Danka, 1991; Suzuki 5, 1998).
mEka A Yo T2 = ol ARV - A TH(RitzingerZt Lyrene, 1998),
Table 113} #Fo] #3p&o] #A yehd Aoz Az

‘Bluecrop’@} ‘Sharpblue’®] 53t T2 9 #AE A A3H(Fig. 13), F
T RT3 W T4 gl e A2 394 v = 0.02x + 1.86, y = 0.02x
+ 1.69° Agete] FAE BSF HTol TRk A el A tH(Kushima<t
Austin, 1979; Suzuki %, 1998; Vander Kloet, 1983). A#A AL
‘Sharpblue’7} 0.42% ‘Bluecrop’® 0.21 ®HtT} o} ExF =7} o] mxE= o d)
o] ‘Sharpblue’7} B Zlvh. F+ 374 71=7]7} b = 0.022 T& VN #4350l
0.02g¥ F7He = 21 & 5 AATh

kA BEFHEE FRFAe] FAEde & JFS v AH kAT 4
ol d&Fe vA A ol FAF ol Apol7F wow, T2 U A2 A2 Ave
HA7] wEel aFd A QLS s E FAES o AW T

ES
s HQa7F At Brewerd Dobson, 1969; El-Agamy %, 1981; Lang®l Danka,

1

s

~—
i}

g i

1991).
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Fruit weight (g)

1y y =0.02x +1.69
¥ = 0.42%
O | | L
20 40 60
Seed number

Fig. 11. Relationship between number of brown seeds in a berry and berry

weight. “Significant at 1% level.
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* ° 12713Bx ALY
o, ‘Spartan’e] 14.2°Bx® 7}% =93, ‘Sunrise’7} 9.5°Bx= 7} Yokt #-37
e wAT 2¥ S99 v, 3, 7 dREQ] v Eo] AFEJoY AT
I AEMES HAEHA FUh 2ET 3 3 ‘Rancocas’®t ‘Sunrise’7F ZH7}
EFgo e 2E33}
Hgo] HAEHATY, 238 WUEC] 58mgg FW A= w33 FgEct 273
vl Ak 7 vehd fo] Solsigith

BRdE A% o 98 gy ¥EgoR I vgo] tiF 1.071.28 AT
st o (Kader &, 1993) ¥ ¢3&<Q1 whyEo] #da}

H

Table 14. Soluble solids and free sugar content at harvest in highbush

blueberry cultivars.

Cultivar Soluble solids Free sugar content (mgg ' FW)
("Bx) Glucose Fructose Mannitol

Bluecrop 12.1 ¢* 18.8 bc 18.2 bc 57.9 a
Bluejay 12.6 bc 19.0 bc 17.9 bc 58.2 a

Dixi 12.4 bc 17.7 be 18.2 be 57.8 a
Jersey 13.6 ab 18.5 be 18.1 be 58.5 a
Rancocas 12.7 bc 20.9 ab 20.3 ab 59.5 a
Sharpblue 12.8 bc 18.6 bc 17.4 bc 57.4 a
Spartan 14.2 a 15.2 ¢ 14.8 ¢ 58.9 a
Sunrise 9.5 d 23.9 a 23.2 a 52.3 a
“Mean separation within columns by Duncan’s multiple range test at 5%

level.

FEH fF710HE AR Z3H(Table 15), 274 A== 0.771.13% FEe|lom,
‘Dixi'?} ‘Sunrise’7} 1.06 7 1.13%= 7} ©kar, ‘Jersey' 7} 0.70%= 7H4 A},
B e fr1e TN AT F 2RV AZEAR, T G4 T

olgdty. FAAS ‘Sharpblue’$t ‘Spartan’e] 10.2mgg! FW AHE=Z @oron

‘Rancocas’ 9} ‘Sunrise’”} 7.00mgg”’ FW AE=Z At} AF2S ‘Sunrise’ 7F

- 107 -



1.02mgg”! FW AEZ @3tom, ‘Bluecrop’9} ‘Jersey’7} 0.18mgg ' FW, o
0.23mgg” ' FW= 714 At}

EFulele] sl Fo fritors FAdite] 837 93 =R RS A
s, Axkat Apapike] 10% HA5-5 FFvhal okl erk(Kalteh McDonald, 1996;
Koike &, 1992) ato]iF-A] &Fulg]l A o] 74k AL Abpatbe] 2 & 5]
Row Atzpatrh Fadate]l 7710w A= wokth A A&rEE §U14t g
o ztel7} lom wmd= {714 FEFel A FAEUIE ZAA Z7](mature
green) -8 $<57](ripe)7HA §4 3] FHAgth= Balvb 1ol (Shimura &, 1986) Al

718 Il el f71ah gl ekl ko o A EaUh itk

Table 15. Titratable acidity and organic acid contents at harvest in

highbush blueberry cultivars.

Titratable acidity Organic acid (mgg ™ FW)
Cultivar (% citric acid) Citric acid Malic acid
Bluecrop 0.87 ab” 7.41 ab 0.18 ¢
Bluejay 0.88 ab 9.96 ab 0.29 bc
Dixi 1.06 ab 7.53 ab 0.25 bc
Jersey 0.70 b 8.76 ab 0.23 ¢
Rancocas 0.88 ab 7.08 b 0.32 bc
Sharpblue 0.76 ab 10.20 a 0.26 bc
Spartan 0.98 ab 10.23 a 0.54 b
Sunrise 1.13 a 7.00 b 1.02 a

"Mean separation within columns by Duncan’s multiple range test at 5%

level.

Shutak ‘5(1980)0] #AAg 7]EoZ 9| M4E -25ke] ‘Sharpblue’s tidoz
A7 2 Hunter®] MEghS ZAFSEYITHTable 16). A57] 1449 dell& 23] A
7} A=Al mature green(MG)2.Z Hunter ko] Lx = 67.04, ax = -17.08, bx =
39453tk A=l 7 Al A o] ZEME 50%4E ERd green

pink(GP)E Lx = 42.27, ax = 30.14, bx = 14.000]t}. A=7] 44 Ao

w3

rr
A

o] FMol 50%4%E ZME blue pink(BP)= Lx = 31.57, a*x = 18.72, b* =

M

|=]
5
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3.820130 k. A7) 29 Mol AAF ko] pinkAo]l Hol = blue(B)E Lx
= 26.87, ax = 7.05, bx = 0.30°]t}. %719 A= A A4S A ripe(RE
L# = 24.15, ax = 1.42, bx = -0.18°|3]t}. A% 10d Fo] e #%7)9f vpatrt
A7 QA 2ol 7t 1l e over ripe(OR)Z LFERH ST

Table 16. Hunter value by maturity in ‘Sharpblue’ blueberry cultivar.

Maturity  Fruit color Hunter value®

(date) stage Lx a b he Cs
67.0 £

June 21 Mature green 0.65" -17.1 £ 0.33 39.5 =+ 0.80 113.4 43.0

June 28 Green pink 42.3 £ 1.29 30.1 £ 1.75 14.0 £ 1.03 24.9 33.2

July 01 Blue pink 31.6 £ 0.57 18.7 £ 0.70 3.8 £ 0.61 11.5 19.1

July 03 Blue 269 £ 031 7.1 080 03 =+x0.13 24 7.1
July 05 Ripe 242 £0.12 14 £ 007 -0.2 £ 0.16 -7.2 1.4
July 15 Over ripe 265 £ 042 0.2 £ 0.14 -1.2 £ 0.09 -18.3 1.2
“L#+ = lightness; a* = bluish—green/red-purple hue component; b* = yellow /
blue hue component; h°® (from arctangent b#/ax) = hue angle (0° =
red-purple; 90° = vyellow; 180° = bluish-green; 270° = blue); C=
[(a**+ b**)*] = chroma.

"Mean vaule * SE.

EFdlels o] As dAR JdPddas Mi(hue) ZH=7F 2AREH(90 7 180°)
of slth7b A FobdA 1AREW0 90702 7sishn, 8] Ak s 44}
HHE2707 36004 A Al H Ak Hg A E(chroma)e A5 Mol 4001402
Aa7E As7)el oA HR ol AHxT]d = 00 7AA

A7) ol ‘Sharpblue'®] 39} #Fo AE WstE AN 43 (Fig. 12),
Hu 7 AAE w7 A MG AE A5 149 dole #ueh 359 Aert
Z}7} 124.2g/1lmm o3 104.8g/1lmm o= Fo} &rtgte s s IAEE ddshy
o ZFA 7)) GP O AHIQI s 79 Aele Hyjer #Fe AEvE 77}

=l

42.4g/1Tmm ¢¥} 16.2g/Imm ¢o.2 FA3| sopxlvh, o] o ofzke] A4
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d Holx= FA=7F 19.4g/lmm o3 6.8g/lmm o=
7HE W AEgloH, A=7]d R AEY R @AldA 108 $(0R)9] #A Hr+

&

e 29 A9l B AEe] BdE wge] FEs] AgtE A FEIF kAN A
!

3l AA), #3 AA7E Aol

=

140
MG —@— Peel
120 | —O— Flesh
=
= 100
&
= 80
L0
2 60+
g GP
&
2 40y BP
5 P OR
20 |
0
0
55 62 65 67 69 79

Days after full blooming

Fig. 12. Peel and flesh firmness by maturity in ‘Sharpblue’ blueberry cultivar.
B, blue; BP, blue pink; GP, green pink; MG, mature green; OR, over ripe;

R, ripe.

AW B a0 WAHWA A Frsk 345 wWolAr Fugel 5
XS HYAWHKIim 5, 1996; Westwood, 1993), #Ae] 37l dojuy= A4 o A]
ISPl 7 AR AZE B = (Shimura &, 1986; Shutak 5, 1980) &gt
olEl e A AAE A% Aol A AT SAEA B FFo| T
A o YA A et

=0 Hxrlol A3t shulel k5] JrEE EAFSEItH(Table 17). ‘Bluejay’
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of AL Lxgko] 2752 8FF & 7Hd =%l Jersey' 9 'Rancocas’= 24.59)
24.8% 71 ettt Hy o] AxE ‘Jersey' @ ‘Rancocas’7} 242zt 24.8g/1mm &}
28.0g/Ilmm ¢z 7MY w@etsdar,  ‘Sharpblue’7} 20.6g/lmm  ¢°]qoH
‘Bluecrop’, ‘Sunrise’, ‘Spartan’®e] Z}Z} 16.6g/1lmm ¢, 15.6g/Imm ¢, 14.5g/1mm
po® A3YGT. HFE9o AEE ‘Jersey 7’} 12.0g/lmm ¢L=2 7FY w@ostd
‘Bluecrop’, ‘Sharpblue’, ‘Sunrise’, ‘Bluejay’ 7} A3ttt A&k EF4g A2

E7b 9dsaes nyEe] FrkehthE Hal(Allan-Wojtas 5, 2001)7F le] oko
2 AgEy gdste] AES 2a7t

Table 17. Hunter value and peel and flesh firmness at harvest in highbush

blueberry cultivars.

Cultivar Hunter value Firmness (g/1 mm ¢)
L ax* b Peel Flesh
Bluecrop 25.5 ¢’ 1.2 ab -0.7 cd 16.6 ¢ 8.0 ¢
Bluejay 27.5 a 0.9 abc -14 e 20.0 b 79 ¢
Dixi 259 ¢ 0.9 abc -0.4 bc 17.8 bc 10.3 ab
Jersey 24.5 d 0.8 bc -0.2 ab 24.8 a 12.0 a
Rancocas 24.8 d 0.9 abc +0.0 a 28.0 a 10.7 ab
Sharpblue 25.6 ¢ 1.3 a -0.8 d 20.6 b 7.3 ¢
Spartan 26.9 b 0.6 ¢ -04 b 14.5 ¢ 8.8 bc
Sunrise 254 ¢ 1.0 abc -0.2 b 15.6 ¢ 6.7 ¢
"Mean separation within columns by Duncan’s multiple range test at 5%
level.
‘Bluecrop’¢} ‘Sharpblue’s WAooz Ao AL Z7|HE 15 (1402 43 4

gotol Hg, T4 4 2 A 545 ZARSHITHTable 18). Bluecrop’e] 52
12po} 4xpel]l kgt shado] Z47h 1.9g3h 2.1g0 = 27b¢h 3apo] =3t 3 2.6g0]
Hlel vl Attt ‘Sharpblue’s= 1Abell =23k Fido] 2.4g0 2 71 Zlow, 43
AZI7F ol s ghaebs A Eeldrh Bluecrop'®] T 4= A bl Zpo] 7t

#l et ‘Sharpblue’®] FAF = 3 AVIZF mEeaEs HolA= A FoldH



(Moore &, 1972).

Table 18. Fruit weight, number of seeds per fruit, soluble solids, titratable
acidity, and peel and flesh firmness at harvest in ‘Bluecrop’ and

‘Sharpblue’ blueberry cultivars.

] Titratable
Fruit No. of Soluble o Firmness (g/1 mm ¢)
. . acidity
Harvest welight seeds per solids o
_ . (% citric
(g) fruit ('Bx) , Peel Flesh
acid)
‘Bluecrop’
First 2.1 b* 30 a 12.4 a 0.99 16.8 a 8.2 b
Second 2.6 a 24 a 11.7 a 0.97 17.5 a 9.8 ab
Thrid 2.6 a 31 a 11.3 a 0.65 16.9 a 8.8 b
Fourth 1.9 b 19 a 12.9 a 0.61 18.3 a 10.8 a
‘Sharpblue’
First 2.4 a 40 a 13.1 a 0.76 20.8 a 7.5 a
Second 2.0 ab 20 b 13.3 a 0.88 21.6 a 9.0 a
Thrid 1.7 bc 6 b 13.1 a 0.65 21.9 a 9.2 a
Fourth 1.5 ¢ 10 b 12.0 a 0.54 22.0 a 9.0 a

"Mean separation within columns by Duncan’s multiple range test at 5%

level.

i)

Ers S EY el ¥ @2 o] AAHAIRE A A7) 7F A A st
WA 5ol 7hsstARt EFule= & #Foll 57 1670(Table 4) A= A2
dolm= Estar HE el M= el whet 2 A7)7F el dAje] =8 sk A
o E7bsatr Holm 3743|e] A ol Faejol ITth(Suzukisht Kawata,

)

o
[

58 gRet ) Are S8 Al B dolrt giieh S8 A7 A

EE T OEE BT 53 3 84% delds Agelgon v 57t o] o
)

o
o

H

‘Bluecrop’®} ‘Sharpblue’e] #2 I7|H 32 EAS FASFATHTable 19). 34



A7) w2 By 25 Wk gl th(Table 12). ‘Bluecrop' & EAH7F 287) 4=
P A =(Table 13), Hat #5 o] A7]Q1 27 3g¥ 37 4g9 #A& 33737
e wotow, A B ofskl 172g9 Aa¥e 1671E A& Horh
‘Sharpblue’ = ‘Bluecrop'®} f-AFsE Aol oy, 17 2g9 AFtoll= A 427} 970
2 3t FA 5 3470(Table 13)Rt}h wig- AQich #4 7 d% 9 Aee F

Ak el sl

AT BA

Table 19. Diameter, length, and L/D ratio of fruit, number of seeds per fruit,
soluble solids, and firmness of peel and flesh by fruit weight in ‘Bluecrop’

and ‘Sharpblue’ blueberry cultivars.

Fruit Fruit (mm) No. Soluble Firmness

weight L/D ratio of seeds solids (g/1 mm ¢)

(g) Diameter Length per fruit ("Bx) Peel Flesh
‘Bluecrop’

37 4g 19.6 a* 14.1 a 0.71 37 a 11.9 a 16.3 a 9.1 a

27 3g 176 b 127 b 0.72 33 a 12.8 a 16.8 a 7.6 a

17 2¢g 150 ¢ 109 ¢ 0.73 16 b 10.9 a 174 a 8.4 a
‘Sharpblue’

37 4g 194 a 149 a 0.77 54 a 14.3 a 24.7a 9.7 a

27 3g 171 b 138 b 0.81 43 a 12,5 a 18.5b 6.3 b

17 2¢g 149 ¢ 116 ¢ 0.78 9b 12.1 a 21.5ab 7.8 ab

"Mean separation within columns by Duncan’s multiple range test at 5% level.

ek EFHEs FF kel sk A7) AREA SHE B dolE SOl Zpol 7t
Shal, A7 FEET BF SR dE FAES ¥d 5 den, FAV g2 3
des A Ameta, dwel FARY] wiEel(El-Agamy 5, 1981; Lang$t

Danka, 1991) #2 Au| Il Aol 3FF oS AAslopd Aitgko] 7t

ol
2
0%
30
4o

o
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H1
2
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=
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o
=
d
T
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Fig. 13. Photo of tree gotten pruning. A and B, non-pruning; C, light

pruning; D, heavy pruning.

Fig. 14. Suckers or succulent branch with (A) or without (B) flower bud.

Dotted line is cutting part on pruning.

gt Ag g Aeha JE 594 EFuE 8% F A 2 FAA
o] £ ‘Sharpblue’®} ‘Bluejay' & tlde= H4 FF

A g EgY Ax B 548 AR A3(Table 20), 14 54 F A9 44
FollA ‘Sharpblue’s= A f5 roll F3F ztol& Holx] ZSkAIRE, ‘Bluejay’ =
b Al 7 g% BRE A" gl #fod AolE yEhAT. FSellA
7V wokal AR A= e {Fgk Aols yER L

Zrol Aols Ve

‘Sharpblue’s= ZdA A

|
‘Bluejay'= A4 7 2ol zpel& F33] deplixwt A
1

A ghske), ol x 2o
Aol WE FoIF AFolF VERIAE 2%, Bluejay'ts 24 A 253 %
B AR FF el FRE o2 etk FAFNA Sharpbluets A A

o}F A7 et A4 47 % AR o] o2 UEAAR, Blucjay ol 4
A4 HF 2L AR el fel@ AolE mol @tk B3 2L A% AmelA
‘Sharpblue’t #3st 3% 2% A4 7 L A% tol HolF ehiA 2A
%, ‘Blucjay's 331 =N A4 A% zbol FoI% AolE vhehiAW g A

W
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Aolg wolx| ehrh. Fx

LS AN

g

e
ol
ol

‘Sharpblue’s 2% Al Zzxur AP L ‘Bluejay' & 25
AH Ao F4 9 Fell e =7} o= =
39 TtHFig. 15 right). 712y ‘Sharpblue’s ZdXe] FX]7} th47F 289 o

‘Bluejay'= 719 2AsHA] &SP Aoz Hol A Aefol] whe o A4 24

A3, obaAA

AL h=A AATE o]ZA of” HE Akl 3-4dAo] HH
BFRARE AAste] T4 9 =G AxE wol TAAT|AL o]F A 54 wet
A s 2EIGE A3 FEVF 52 AFE S AN Aow ArdEn

Table 20. Fruit characteristic and number of suckers and succulent shoots

by pruning severity in ‘Sharpblue’ and ‘Bluejay’ blueberry cultivars.

No. of i
Pruning © ,O Fruit Soluble No. of Fruit hardness No. of
~ fruits ) i (g/1 mm ) suckers and
severit weight  solids brown
P @) (Bx)  sceds  Peel  Flesh oo
Y cluster & shoots
Sharpblue
Control 7.1 a* 1.8a 119 a 243 b 23.2 a 7.5 a 0.3 a
Light 7.1 a 19a 11.8a 228 b 21.3a 7.2a 1.7 a
Heavy 6.8 a 23 b 12.2 a 11.2a 226 a 7.8 a 53 b
Bluejay
Control 5.2 a 1.5a 123 a 200a 26 .4 96 a 0.0 a
ab
Light 7.9 ¢ 1.7b 13.1 26.7a 277b 9.7 a 0.3 a
ab
Heavy 6.8 b 1.8b 13.7b 257a 253 a 93 a 9.3 b

“Mean separation within columns by Duncan's multiple range test at 5%

level.
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Fig. 15. Suckers producted by heavy pruning treatment (left) and succulent

shoots on middle of branches producted by light pruning treatment (right).
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o] &k thax FEAVE 2 Aoz AZEvH(Fig. 17).
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Fig. 16. Fruit setting according to pruning severity. A, non—pruning; B, light

pruning; C, heavy pruning.
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Table 21. Number of shoot and the shoot length by heading back pruning of

the tip of suckers or succulent branches in highbush blueberry.

Suckers or succulent branches No. of shoots Shoot length (cm)
Control 18 a 10.1 a
with flower bud 7 b 209 b
without flower bud 6 b 219 b

"Mean separation within columns by Duncan's multiple range test at 5%

level.

Fig. 18. Shoots producted by non-pruning treatment (A) and pruning
treatment (B).
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Fig. 19. Died flower buds (A) and fruit set at 3nd or 4nd from terminal bud

(B) or at terminal bud (C) on succulent branches in non-pruning treatment.

6. AMuf Al Li2lX elof ofgh x|

ool Aw, B w=RA, Fdd, s, Sl o8 A s 907 SdiE o

o]-go] YRE E sl th(Figs. 20A, B, C). 1gx Jaf7p 3 dpale] 1A &
S B E YER szt GatEls Aow Bt 9 ddls gnb)

A Fofl BF yEhgtal fFel og FErt difoldtth. 2005 Eel

ol Is]E A8 B A3, ‘Spartan’e] 7} F &7k Al @ X w(Fig. 20D; Table 22),

2006\ ol = thit o] EF S0l A ETE vssivh wEbA A A= vt
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Fig. 20. Fruits injured (A, B, C) by insect pests and leaf injured (D) by

larvas.

Table 22. Injured degree of leaf in highbush blueberry cultivars (2005).

Cultivar Degree”
Bluecrop +
Dixi +
Sunrise ++
Bluejay ++
Spartan +++
Sharpblue +
Jersey ++
Rancocas ++

7, . .
+; few, +++; many
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Fig. 21. Insect pests found in growing field of highbush blueberry.

ol

T
;ATU
ch]

-
T

B

Fig. 22. Eggs of insect pests found in growing field of highbush blueberry.
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Fig. 23. Nits found in growing field of highbush blueberry.
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Fig. 24. Habitat of insect pests found in growing field of highbush blueberry.
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Fig. 25. Damages of disease found in growing field of highbush blueberry.
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g 5 AT QAT Ho] wHS) WE FAe BEES BAE AW, A2

o) wpade] Zheelolm ol SN WAL B B3 AL ol 7] W
2k w3 S} Hold UL FHie] FE Y44 YL W Fol
g%t A A F7t AA 37k el Ao melth

o
fu

Fig. 26. Change of fruit shape (A) and tear of fruit peel (B) in highbush

blueberry.

AE Ego] AujEa gl 8%FF F ‘Sunrise’® IF HAZE O EF vlE)
FA BFo] ofF Mx3IPI AARFE A o
o] etk Fig. 27A). A% 5 T e FFES a8A 22 A
‘Sunrise’ A 2F7F old #FS YElE S aPstd ik A Y
FEoR AZEr 283 dFoAE= v di %
ol velwtar, 2xp2 e @ Az Mk <o) Wt Fojrte T (Fig.
27B)& e skl

A EFoR Qs g =] o e s =
wFo]l 4 UetEth(Fig. 270). §Y %, v dHoHAME Favt e A

A ot

Hle] Arbd e Hda FA4 3 =44 Az dAe] itk EF ol

rﬁL

=] =
A EmEoR Ax Aol fipo]l Ao FAHA ki I AR sl Al F
= A aAE et = sl Sl Aol v % Aew Uy

Z AtH(Austin, 1994; Gough, 1994; Westwood, 1993).
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Fig. 27. ‘Sunrise’ supposed as non-suitability cultivar in Iksan area (A),
drying and dying young leaf of shoot tip (B), early red-colored leaf (C) in
highbush blueberry.
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