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Relationship Between Yield, Jam quality
and Other Characters in Strawberry

Toru Takahashi, Masanori Miyazaki®, Masakazu Oku,
Takako Goto, Hiroshi Sato® and the late Itaru Yoshimoto™®

For the purpose of development of efficient selection techniques in strawberry breeding, it was
examined that estimating method of yield and jam quality in strawberry.

21 characters about plant and fruit. 5 characters about jam were investigated with 13 srawberry
varieties by 1998 since 1996 under open field culture. From the result of correlation analysis
among characters, there was a correlations between yield and plant height, number of leaves,
leaflet length-width ratio, number of fruits, soluble solid, sugar-acid rato. In addition, number of
fruits, fruit weight, color of jam, condition of fruit in jam, viscosity of jam, flavor of jam were
correlated with some characters of strawberry plant or fruit.

Multiple regression analysis (forward) was carried out for yield, number of fruits, fruit
weight, color of jam, condition of fruit in jam, viscosity of jam and flavor of jam as dependent
variables. Regression equation (with R* = 0.5 ~ 0.77) was obtained in vield, number of fruits,
fruit weight, color of jam and viscosity of jam. These regression equations were applied to the
characters of other 14 strawberry varieties or selections.The result suggested that only in number
of fruits. there was no significant difference, and was significant correlation between predictive
value and measured value. Therefore, it seems to be possible that number of fruits is estimated
by fruit skin color, soluble solids and fruit firmness in strawberry with open field culture.

Key words - strawberry, jam, vield, number of fruits, fruit weight, regression equation, selection.
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Table 1 Mean characteristics about 13 strawberry varieties in 3 crop cycles (1996-1998).

Variety Plant Number Leaflet Leafler Yield Maximum Number Fruit  Raeof Fruit  Fruit

height  of  lenght- area yield®  of  weight calyx-free skin  flesh
leaves  width fruits fruits** color™? color®*
(cm) ratio (g (g/plant) (gfplant) (g) (%)

Alberry 276 20 1.26 3.2 240 273 18 16.3 0.0 8 3
America 284 46 1.19 40.2 353 1186 180 6.6 40.6 2 2
Benthibari 254 42 1.15 34.6 297 763 109 7.0 66.9 4 4
Chiyoda 249 31 132 41.6 475 762 79 9.6 52.3 6 3]
Donner 243 23 1.02 31.0 323 422 47 8.6 0.0 7 5
Haruncka 238 21 1.21 4.1 228 218 27 9.0 294 7] 3
Hogyoku 221 29 124 236 220 288 43 67 156 6 5
Hokowase 30.0 39 1.15 363 (69 791 75 10.5 29 6 4
Kogyoku 219 32 118 245 235 244 31 8.2 23 5 5
Pajaro 282 31 1.03 404 763 &52 53 16.1 33 6 6
Reiko 35.0 29 137 50.0 282 274 21 13.3 4.7 7 3
Tioga 225 24 1.04 35.0 530 696 65 10.4 27.1 5 3
Victonia 23.0 39 1.10 29.6 414 436 59 9.0 2.3 ) 3

Variety Frui  Size of Flavor™ Soluble Titratable Sugar-  pH Fruit ~ Flesh  Densily

shape™® internal solids  acidiy  acid firmness firmness of
cavity ™" ratio achenes
(%) (%) (N) IN)  (Na/dilcm)

Aiberry 4 1 3 7.3 0.70 10.6 3.63 (.99 1.20 81
America 3 4 7 5.7 0.74 7.8 3.02 0.58 0.66 9.9
Benihibari 4 1 3 6.0 0.75 8.1 3.60 0.82 1.01 10.5
Chiyoda 4 7 6 3.8 0.69 84 3.56 0.72 0.77 84
Donner 4 2 4 5.6 0.52 11.0 3.67 (.88 1.03 9.4
Harunoka 4 7 7 7.0 0.7 9.5 3.58 1.17 0.81 7.9
Hogyoku 5 4 4 7.3 0.654 11.3 3.79 0.90 0.83 8.9
Hokowase 4 2 5 6.1 0.49 12.8 3.85 .80 0.99 &7
Kogyoku 4 3 4 7.1 0.46 154 3.85 1.04 1.24 104
Pajaro 6 3 4 a4 0.67 8.1 3.49 1.16 1.23 72
Reiko 4 6 4 7.0 0.62 11.4 3.74 0.92 0.91 6.5
Tioga 4 7 4 o 0.71 a.1 3.56 1.29 1.21 a4
Victoria 4 4 53 5.6 0.89 6.4 3.34 0.86 0.94 9.0

Maximum yield = Number of fruits % Fruit weight.
% % of calyx—free fruit / total number of harvested fruits.
*¥ 11 Brightred, 9: Dark red.

** 1 White, 3:Brightred, 7! Dark red
*3 2! Sphere. 4 Conical, 7:wedge.

*8 11 Non or very small, 7! Large.

** 3. Paor, T:Strong.
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Table 2 Mean characteristics about jams processed from 13 strawberry varieties in 3 crop
cycles (1996-1998).

Variety Color™' Condition Viscosity = Flavor™’ Taste*?
of fruits**
Aiberry 1.0 37 2.0 4.0 3.0
America 1.0 13 2.7 30 3.0
Benihibari 3.0 27 L7 3.0 3.0
Chiyoda 3.3 1.0 3.0 3.7 3.0
Donner 4.3 3.0 0.0 23 2.3
Harunoka 4.3 1.7 4.0 33 3.0
Hogvoku 3.3 4.0 3.0 3.0 3.0
Hokowase 3.0 2.0 1.0 3.0 3.0
Kogvoku 4.3 47 0.7 1.7 23
Pajaro 5.0 4 3.3 3.3 3.0
Reiko 3.0 20 3.7 3.3 3.0
Tioga 4.3 33 3.0 33 30
Victoria 33 1.3 5.0 3.3 3.0

w]|

17 Bright red. 5! Dark red.
** | :Broken, 3:Soft. 5:Fim
*? 1:!Thin. 5:Thick (0 Liguid like).
1
1

*Weak. 5: Swong.
* Very poor, 3 Fairly good, 5! Exellent
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Table 3 Correlation coefficients among plant and fruit characters in 13 strawberry varieties.

characters
(1) (2) (3 (4) (5) (6) (7) (8) @ (10)
Plant Number Leaflet Leaflet Yield Maximum Number Fruit Rate of  Fruit
height of length-  area yield of weight  calyx- skin
leaves  width fruits free color
ratio fruits
(1)  LO0 0.29 0.51* 0.627 0.37* 0.30 0.08 046" -0.11 0.12
(2) 100 -0.08 -0.10 0.61" 066 0.73% -031 01ls -061°
(3) 1.00 030 -0:39° =032 -019 0.08 0.03 0.14
(4) 1.00 0.13 0.16 0.01 038 023 0.10
(5) 100 0817 032 018 012 -0.25
(6) 1.00 0.87* -0.03 0.300 ~=0.58°
(7) 100 -045" 046% -077°
(8 100 -042% 0.59°
(9) 100 -0.30
(10) 1.00
characters
(11) (12) (13) (14) (15) (16) (17) (18!} (19) (20) (21}
Fruit Froit  Size of Flavor Seoluble  pH  Titratable Sugar-  Fruit Flesh  Density
flesh  shape internal solids acidity  acid  firmness firmness  of
color cavity ratio achenes
009 -0.02 003 -001 0.01 -0.01 -0.09 003 =020 -029 -0.39°
-083* =012 <022 039 -0.39" -0.21 0.04 -020 -038° -019 0.28
-0.11 -012  -o002 0.00 0.52* 0.3z -0.08 037 -022 -014 020
0.00 =012 0.37° 0.21 011 -0.03 014  -0U12 0.00 -0.32" -045"
-0.13 0.11 0.02 006  -0.62* -0.34* -002 -0.38° -0.13 -0.07 0.00
-0.45" -017 -0.01 0.42* -0.65" -0.42° 008 -050° -0.338° -0.18 0.13
-0.71°  =0.35% =010 056 -06.50" -0.34° 020 -046% -057° -0.26 0.397
041 0.35 003 -041° 005 -0.05 -0.06 0.00 0.34° 024 —0.38°
-0.15  -0.28 0.26 040* -0.07 -0.23 037 -038° -0.18 -026 0.17
0.68* 019  -002 -057° 0.26 g2z -023 0.26 0.31 018  -0507
(11)1,00 0.33° 0.2  -043"° 015 -002 -0.04 0.07 0.51° 0.19 -0.36
(12) 1.00 -0.07 -0.18 018  -0.03 0.08 0.01 036 02r -022
(13) 100 022 -0.05 -028 024 -0.28 032* -0.39* =035
(14) 100  -0.09 -(L15 022 -022 -0.35% -0.36% -0.17
(15) 1.00 (1.43% 0.08 0.52* 018 -0.12 0.01
(16) 100 -0.74" D.87°* 0.01 0.25 0.00
(17) 100 -0.78°7 003 -0.28 0.04
{18) 1.00 0.04 0.22 0.05
(19) 100 020 -008
(20) 1.00 -0.05
21) roo

P

Significant at 5% level.



Table 4 Correlation coefficients between jam and plant / fruit characters in 13 strawberry varieties.

Plant Number Leaflet Leaflet Yield Matimum Number Fruit Rate of Fruit  Fruit

height of length- area yield of weight calyx- skin flesh
characters " leaves wi%!th ’ fruits 5 fn):,c color color
ratio fruits
Jam
Color -0.25 -063* -028 -0.12 -012 -040% -066% 040% -0.27 0.45* 0.667
Condition of fruit -0.24 -0.33* 0.01 -042" -029 -0.39% -0.34* -0.J0 -0.29 0.25 0.13
Viscosity -0.02 -0.02 -0.06 025 -001 -0.03 -0.05 0.11 0.23 -0.06 (.14
Flavor 0.23 -0.17 0.19 042*  0.03 007 -0.08 0.41% 0.19 0.31 0.12
Taste 0.11 0.00 (.29 030 —-004 -0.07 -0.02 0.08 0.20 0.02 -0.17
Fruit Size of Flavor Soluble pH  Titratable Sugar-  Fruit  Flesh  Density
chaioiers shape internal solids acidity  acid  firmness firmness  of
cavity ratio achenes
Jam
Color 036 0.15 -037" 012 000 -0.10 0.12 0.72* 021 -0.1§
Condition of fruit -0.02 -041* -044% 023 037" -0.39" 045" 0.15 0.28 0.37
Viscosity 0.05 064" 022 =013 -039° 043* -047" 006 -0.24 -054"
Flavor -0.02 0.23 .09 0.20 =026 0.46* -0.36% 0.04 -0.25 =032
Taste 0.18 0.16 0.11 006 -005 0.27 -=0.2] 0.03 0.04 0.00

Significant at 5% level.
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Table 5 Regression equation about characters in 13 strawberry varieties deduced by
multiple regression analysis.

Dependent

bl Regression equation R®
Yield =977.98+22 Plant height {em) +7.54 Number of leaves 0 '5:6
—903.78 Leaflet length/width ratio —48.45 Soluble solids (%) '
Maxim X
vie e =94850+17.88 Number of leaves—146.59 Soluble solids (%) 063
Number of =302.91 — 16.48 Fruit skin color® —12.29 Soluble solids (%) 0.77
fruits = 74.95 Fruit firmness (N) '
Fruit weight =—3.01+0.25 Plant height (em) +1.17 Fruit skin color* 0.5
Color of jam =~0,742+0.37 Fruit flesh color® +2.73 Fruit firmness (N) 0.63
Viscosity of =09.49 + 0.28 Size of internal cavity * — 0.25 Sugar/acid ratio 0.58
jam —0.6 Density of achenes (Ne/d Lem) :

Same as Table 1.
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Table 6 Characteristics of 14 strawberry varieties or selections that regression equations in Table 5
were applied.

Variety Plam  Number Leaflet Yield Maximum Number  Fruit Fruit ~ Fruit  Fruit
or height of length- yield®  of weight  skin flesh  shape™
selection Jeaves  width fruits color™ color™
(cm) ratio  (gplant) (glplant) (g)

Variety
Aroma 23 22 1.06 1909 2214 27 8.2 4 4 B
Blakemore 2] 30 1.05 326.6 364 40 9.1 7. 7 3
Chandler 33.2 23 1.05 3324 5775 25 231 3 4 3
Fairfax 21 36 0.94 3222 3808 56 6.8 6 5 4
Fresno 13.4 18 1.19 1854 i97.1 27 T3 6 5 3
Gorella 24 36 1.33 1894 2254 a8 2.3 5 3 4
Kobe 1 14.2 14 0.7% 22  380.7 47 8.1 T 3 3
Monioka 17 124 19 1.05 187.9 2206 28 8.2 4 ) 4
Sashima 224 49 1.03 2224 3483 81 4.3 4 2 6
Senga Gigana 154 43 1.07 264 5184 64 8.1 7 B 2
Siletze 23.8 63 0.97 5124 6344 122 5.2 2 2 3
Yachiyo 174 22 1.13 228.3 768 40 6.7 4 5 5

Selection
Toshoku 3 326 40 1.19 515.6 7416 103 T2 4 3 4
Toshoku 4 26.6 33 .30 4947  B83.2 96 9.2 2 3 5

Variety Size of Flavor®' Soluble Sugar- Fruit  Density T

or internal solids  acid  firmness of '
selection  cavity ™' ratio achenes Color** Condition  Viscosity ** Flavor **
(%) IN)  (Na/iplem) of fruit*=
Variety

Aroma 5 6 7.2 148 1.04 6.3 3.0 3.0 1.0 40
Blakemore 7 3 6.4 8.0 0.69 78 3.0 1.0 5.0 3.0
Chandler 7 3 6.6 72 1.82 7.2 4.0 3.0 1.0 40
Fairfax 3 5 7.7 7.3 1.08 10.0 2.0 1.0 3.0 2.0
Fresno 7 6 7.3 10.0 1.04 7:1 3.0 3.0 4.0 20
Gorella 7 b 8.3 80 0.71 11.6 3:0 1.0 5.0 3.0
Kobe 1 7 3 5.6 9.0 0.80 8.3 5.0 1O 2.0 3.0
Morioka 17 3 3 6.3 9.2 1.53 12.2 2.0 3.0 3.0 5.0
Sashima 1 6 7.0 8.3 094 9.7 2.0 2.0 3.0 40
Senga Gigana 7 5 3.8 2 0.82 3.2 3.0 1.0 4.0 30
Siletze 6 5] 6.2 11.1 1.39 9.9 1.0 1.0 2.0 3.0
Yachiyo 3 T 57 84 1.31 10.4 4.0 3.0 5.0 3.0

Selection
Toshoku 3 1 7 6.2 12.5 0.69 7.6 2.0 3.0 4.0 3.0
Toshoku 4 2 3 5.6 9.7 0.73 6.3 2.0 2.0 5.0 3.0

*1 Same as Table 1.

© Same as Table 2.
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Table 7 Comparison of measured value and predictive value in yield and other characters in 14
strawberry varicties or selections.

Variety Yield Maximum yield Number of . : Color Viscosity
or (g/plant) (g/ piain fruits Fruit weight ¢ o of jam?
selection -

Meas PredX Meas. Pred. Meas. Pred. Meas, Pred. Meas. Pred. Meas. Pred.

Aroma 100.9 343.0 2214 2865 27 ! 8.2 7.4 3 3.6 1 34
Blakemora 326.6 403.2 364.0 5468 40 37 9.1 104 5 37 ] 49
Chandler 3324 6119 5775 3923 25 36 231 8.8 4 0.7 1 5.3
Fairfax 3222 4893 380.8 463.5 36 29 6.8 9.3 S 41 b 25
Fresno 1854  90.3 197.1 200.3 27 36 7.3 8.6 5 3.9 4 4.7
Gorella 189.4 1702 2254 3756 98 66 2.3 8.8 3 23 5 25
Kobe 1 302.2 4145 3B0.7 378.0 47 58 8.1 &7 5 3.3 o 42
Morioka 17 187.9 1398 220.6 3648 28 45 8.2 4.8 5 3.3 3 0.7
Sashima 222 4 5747 348.3 79856 a1 20 4.3 7.3 5 3.7 5 1.9
Senga Gigana 2064 490.8 5184 1160.4 64 79 8.1 a0 7] 34 4 47
Siletze 5124 797.2 6344 11662 122 89 Dl 575 1 38 3 25
Yachiyo 2283 2262 268.0 5064 40 68 6.7 6.0 4 4.7 5 26
Toshoku 3 515.6 6209 7416 7549 103 109 7.2 9.8 2 22 4 2.1
Toshoku 4 4947 5465 883.2 7177 96 147 9.2 6.0 2 23 ) 3.8
Mean 301.2 4228 4265 5794 61.0 694 8. 79 3.9 3.7 4.1 3.3

T—test Significant®  Significant  Not significant Not significant Not significant Not significant
Correlation
cozflicient

076%™ 0.6% 0.60 * 0.15 0.44 -0.21

z Same as Tsble 1.
v Measured value.
x Predictive value.
w Significant at 5% level
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