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Factors Which Induce Watercore

in Japanese Pear (Pyrus Pyrifolia Nakai.cv Hosui)

Effect of Tree Vigor on the Occurrence of Watercore
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Takashi UMEYA,Yoko Suzuki,Hironari HivaMa and Yoshiyuki ISHIZUKA

Summary

Factor analysis based on tree vigor and soil condition in 103 orchards was carried out in order to
study the occurrence of watercore in Japanese pear cv. Hosui.

1. The occurrence of watercore was closely correlated with soil conditions.

2. Incidence of watercore was lower in alluvial soil orchards, which were water logged for long
periods, and in moisturerich Kuroboku soil orchards.

3. A ssignificant positive correlation was observed between cropping fruit load and watercore.
Watercore was greater in small and overripening fruits, but abnormally large fruits also induced
the occurrence of watercore.

4. The occurrence of watercore was correlated with number of leaves/ i’ , length of current shoot

and number of reserved branches.
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Table 1. The factors of tree vigor in volcanic ash soil orchards.

Ave. of group of heavy
Factors vatercore occurrence
(46 orchards)

Ave. of group of light Ave. of
vatercore occurrence total S.D.
(42 orchards)

(88 orchards)

No. of current shoots™"

above 10lcm 14.2( 34.9)
51 to 100 16.2( 39.0)
below 50cm 10.7¢ 26.1)
No. of reserved branches®™ 2.6( 0.7
No. of leaves”™ 1711(428)
No. of lateral branch®"
1 year old 0.8( 7.6)
2 years 2.4(23.1
3 years 3.2(33.3)
4 years 3.2( 35.5)

15.0( 35.2) 14.6( 35. 1) 6.2( 12.3)
16.6( 38.8) 16.4( 38.9) 6.5( 9.5)
11.2( 25.9) 10.9( 26.0) 71137
3.2( 0.8) 2.9¢ 0.7 2.6( 0.7)
1721(430) 1716(429) 459(115)
0.6( 6.7 0.7C 6.7 1.1( 10.6)
2.4(22. M 2.4(23.2) 1.8( 16.4)
3.7( 36.3) 3.4(34.D 1.9( 17.5)
3.3(35.2) 3.2(35.3) 210241

Z ; No. per a trelis area 4m’
Y ; rate %
X ; No. per a trelis area 1 nf
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Table 2. Relationship among tree vigor and soil condition, and watercore.

Factor items Categoris No. of data Category score Range Partial
correlation coefficient
Soil condition I.volcanic ash soil 88 -0. 300 2. 062 0. 416
2.non-volcanic ash soil 15 1. 762
Region 1. Niihari -0.164 2.789 0. 263
2. Tsuchiura 2 -2.5117
3. Dejima 15 0.272
4. Chiyoda 9 -0. 495
5. Ishioka 11 0.219
6. Yasato 10 0. 083
7. Shimotsuma 18 -0. 277
8. Shimodate 22 0. 269
9. Sekijyo 9 0. 267
No. of current shoots
above 10lcm 1. 10%below 2 -0. 432 1.214 0. 311
2. 30%below 36 0. 750
3. 50%below 52 -0. 465
4. 50%above 13 -0. 149
51~100cm 1. 30%below 19 0.100 0.216 0. 059
2. 50%below 67 -0. 066
3. 50%above 17 0. 150
below 50cm 1. 10%below 9 -0. 158 0.595 0.102
2. 30%below 56 0.153
3. 50%below 31 -0. 131
4. 50%abo¥e 7 -0. 442
No. of reserved branches
1.0 23 -0.148 0.770 0.215
2.1 below 39 -0. 352
z 3.1 above 41 0.418
No. of leaves” 1.300below 12 0. 036 0. 282 0. 071
2. 500below 69 -0.073
3. 500above 22 0.209
No. of lateral branches
one year old 1.0% 65 0.414 1. 419 0.314
2. 20%below 24 -0. 537
3. 20%above 14 -1. 004
2~3 years 1. 50%below 37 0.742 1. 355 0. 262
2. T0%below 26 -0.113
3. T0%above 40 -0.613
above 4 years 1. 10%below 10 1. 377 1. 971 0. 259
2. 30%below 40 0.321
3. 50%below 17 -0. 406
4. 70%below 27 -0.532
5. T0%above 9 -0. 594
Outside variablel. heavy 47 -0.618
watercore 2. light 56 0.519

Z ; No. per a trelis area ln?
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Fig. 1. Histogram of category score in 103
orchards. Outside variable: 1 heavy watercore (O ), 2 light watercore( X ).
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Table 3. Comparison of tree vigor and watercore among some orchards in 1989.

No 1 2 3 4 5 6 7 8
Region Chiyoda Chiyoda Chiyoda Ishioka Ishioka [shioka Yasato Yasato
Soil type" HA THA THA HA MCGL LA LA LA
Tree age(years old) 10 10 above 10 abovel( 15 15
Top-grafting,
interstock(years old) Chojuro, 10 Chojuro, 20 Waseaka, 60 Shinko Chojuro, 30 Chojuro, 35
No. of current shoots® 11.9 9.5 12.2 20.6 20. 8 14.1 11.3 1.7
Ave. length of
current shoot(cm) 57.3 73.4 70.1 70. 2 81.3 77.8 68.8 73.0
Rate of current shoot(%)
below 50cm  55.5 30.2 32.4 35.3 21.4 29.6 34.2 26.3
51-100cm 4.1 47.4 51.7 47.9 51.4 40. 4 46. 6 57.6
above 10lcm 10. 4 22.4 15.9 16.8 27.1 30.0 19.2 16.1
Rate of lateral branch(%)
1 year old 2.4 0 0 16.2 4.5 0 0 4
2 years 17.1 0 45.5 24.3 29.5 26.7 17.6 20.0
3 years 41.5 22.6 21.3 27.0 3.8 6.7 1.8 44.0
4 years 19.5 22.6 13.6 21.6 29.5 22.2 23.5 20.0
5 years 14.6 29.0 4.5 5.4 4.5 17.8 11.8 8.0
above § years 4.9 25.8 9.1 5.4 0 26.7 35.3 4.0
No. of reserved branches®l. 2 1.3 0.8 0.6 0.4 0.9 0.3 1.2
Length of reserved
branch(cm) 44.5 48.7 39.7 33.9 43.9 75.6 40.5 60. 8
No. of leaves” 504 521 387 626 543 771 550 612
Leaf area index 2.76 2.64 2.24 3.47 2.98 4.76 2.79 2.90
Cropping fruit load* 17.7 22.4 12.2 10. 6 9.9 19.5 12.0 17.7
No. of leaves per a fruit 28.5 23.3 31.8 59.2 54.8 39.8 45.7 34.5
Fruit weight(g) Y% 396(446)  321(365)  386(420) 417(41T)  441(449)  420(560)  367(405)> 353(377)
Specific gravity? 1. 012 1. 006 1. 008 1. 010 1. 013 1. 014 1.018 1. 013
Ground color 3789 3640 32364 32B2 3265 3439 2.8B.4H 3.2
Flesh firmness 3.3(3.6) 2.93.0) 3333 3060 3435 2929 3366 326D

Ave. watercore index 0.93(0.67) 1.83(1.77) 1.10(1.47) 1.47(1.73) 0.63¢0.50) 1.30(1.83> 0.20(0.37)0.47(0.68)
Heavy watercore rate% 33.3(20.0) 70.0(60.0> 40.0(53.3) 50.0(56.7) 20.0(13.3) 50.0(60.0) 3.3(3.3) 13.3(17.8)

Z: Number per a trelis area 1m* Y: 145days after full bloom X, ¥: 152days after full bloom
V: HA;Humic Andosols THA;Thick Humic Andosols MCGL;Medium and Coarse-textured Gray Lowland soils
LA;Light-colored Andosols
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Table 3.( Continued )

No 9 10 11 12 13 14 15 16
Region Yasato Shimodate Shimodate Shimodate Sekijyo Sekijyo ShimotsumaShimotsuma
Soil type" THA HA THA THA HA HA HA THA
Tree age(years old) 15 12 7 13 7 9 12
Top-grafting, Shinseiki Chojuro Yoshino Chojuro
interstock(years old) 25 34 35 28
No. of current shoots” 14.0 17.6 7.1 6. 1 7.5 8.9 9.6 10.3
Ave. length of
current shoot(cm) 77.6 55.0 76. 4 63.4 91.6 64.8 76.4 78.1
Rate of current shoot(%)
below 50cm  23.0 52.9 30.0 40.7 12.0 46.4 27.5 29.9
51-100cm  55.8 37.0 57.4 42.5 40. 1 30.9 42.2 40.5
above 10lcm 21.2 10. 1 21.6 16.7 41.9 22.7 30.3 29.5
Rate of lateral branch(%)
1 year old 26.3 53.3 5.3 18.5 0 16.0 2.4 11.1
2 years 42. 1 30.0 15.8 32.3 32.4 40.0 33.3 33.3
3 years 15.8 1.7 10.5 21.5 29.4 24.0 52.4 25.9
4 years 15. 8 5.0 10.5 18.5 17.7 8.0 9.5 1.1
5 years 0 0 26.3 6.2 11.8 0 0 14.8
above 6 years 0 0 31.6 3.1 8.8 12.0 2.4 3.1
No. of reserved branches” 0.4 0.1 0.3 0.2 0.3 0.1 0.9 0.7
Length of reserved
branch(cm) 73.0 29.0 3L 1 49.3 35.0 34.7 37.5 32.6
No. of leaves” 604 379 366 308 409 404 495 450
Leaf area index 3.19 2.05 1. 84 1. 63 2.20 2.11 2.71 2.70
Cropping fruit load* 10.2 8.4 16.5 13.4 8.5 14.3 3.4 8.8
No. of leaves per a fruit 58.9 45.0 22.2 23.1 48.0 28.2 147. 2 51. 4
Fruit weight(g) "™ 424(458)  397(444)  395(424)  356(399)  368(406)  434(452)  381(385) 437(433)
Specific gravity" 1.011 1. 017 1. 019 1. 016 L. 011 1.012 1. 015 1. 012
Ground color 2.93. 1) 345 3.4GB.4 33BD 3432 36O 344D 370D
Flesh firmness 3.7(3.9) 3.43.4) 3.5@.6 3625 2835 29@GD 31QD 31@D

Ave. watercore index 0.63(0.77) 0. 17C0.63) 0€0.13) 0.4€0.37) 0.87(0.83) 1.43(1.87) 1.70C2.20)0.97¢0.57)
Heavy watercore rate% 20.0(23.3) 6.7(13.3) 0(3.3) 16. 7(10) 30.0(26. 7> 50.0(70.0) 56.7(73.3)30. 0(13.3)

7: Number per a trelis area Imf Y: 145days after full bloom X, W: 152days after full bloom
V: HA;Humic Andosols THA;Thick Humic Andosols MCGL;Medium and Coarse-textured Gray Lowland soils
LA;Light-colored Andosols



Table 3. ( Continued )

No 17 18 19 20
Region Shimotsuma Shimotsuma Shimotsuma Chiyoda
Soil type” HA FGL FGL HA
Tree age(years old) 12 16 17 15
Top-grafting, Chojuro Chojuro
interstock(years old) 40 Nursery Stock Nursery Stock
No. of current shoots? 9.2 15.0 10.3 9.1
Ave. length of
current shoot(cm) 70.5 66. 6 76. 6 74.6
Rate of current shoot(%)
below 50cm 30.1 38.1 29.2 22.2
51-100cm 48.6 43.8 42.1 59.5
above 10lcm 2.3 18.1 28.8 18.3
Rate of lateral branch(¥)
1 year old 3.4 1.9 0 0
2 years 13.8 22.0 26. 1 23.1
3 years 17.2 35.6 30.4 23.1
4 years 3L.0 13.6 32.6 23.1
5 years 13.8 10.2 10. 9 23.1
above 6 years 20.7 6.8 0 7.6
No. of reserved branches?(. 6 0.5 0.7 0.6
Length of reserved
branch(cm) 34.5 35.3 39.3 30.2
No. of leaves” 466 456 491 308
Leaf area index 2.50 2.96 2.73 1. 89
Cropping fruit load? 12.1 10.0 10.2 6.6
No. of leaves per a fruit 38.7 45.6 48.2 46.6
Fruit weight(g) Y® 422 407(424) 477(50D) 317
Specific gravity¥ - 1.010 1.017 1. 017
Ground color 3.1 3.93.8) 3.43.9 4.1
Flesh firmness 3.1 3.06.2 3.73.6) 2.6
Ave. watercore index (.43 0.27(0.47) 0.27¢0.09  0.51
Heavy watercore rate% 13.3 6.7(6.T 00 4.1

Z: Number per a trelis area Im* Y: 145days after full bloom X, W: 152days after full bloom
V: HA;Humic Andosols THA;Thick Humic Andosols MCGL;Medium and Coarse-textured Gray Lowland soils

LA;Light-colored Andosols FGL;Fine-textured Gray Lowland soils
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Table 4. Correlation between tree vigor factors and watercore in 1989.

Tree vigor factors 145days after full bloom 152days after full bloom

Ave. watercore Heavy watercore Ave. watercore Heavy watercore

No. of current shoots” . 039 . 029 . 093 . 036
Amount of
current shoot growth” . 098 .073 . 105 . 059
Ave. length of
current shoot . 145 . 099 . 030 . 047
Rate of current shoot
below 50cm -. 033 .010 .032 . 022
51-100cm -. 300 -. 303 -. 264 -. 255
above 10lcm . 265 217 . 162 114
Rate of lateral branch
1 year old - 227 -. 191 -. 094 -. 122
2 years L0717 . 047 . 144 . 178
3 years .292 217 . 165 . 156
4 years -. 128 -. 159 -. 242 -.238
5 years -. 040 -. 001 -. 186 -. 175
above 6 years -. 002 . 057 102 101
No. of lateral branches” . 335 . 355 . 288 .250
No. of reserved branches” . 464% . 450% .32 . 303
Length of reserved
branch 157 .193 . 176 . 164
No. of leaves® . 324 . 308 . 352 . 297
Leaf area index . 332 . 316 . 360 .299
Cropping fruit load” . 405 . 46T% . 400 411
No. of leaves per a fruit -. 085 - 170 - 115 - 176

Z: Number per a trelis area lnr
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Table 5. Comparison of tree vigor amd watercore among some orchards in 1990.
No 2 6 7 8 11 12 15 18
Region Chiyoda [shioka Yasato Yasato Shimodate  Shimodate Shimotsuma Shimotsuma
Soil type THA LA LA LA THA THA HA FGL
Tree age(years old) above 10 16 16 8 14 10 17
Top-grafting, Shinko Chojyuro  Chojyuro Yoshino Chojyuro Chojyuro Nursery
interstock(years old) 30 35 40 34 28 Stock
No. of current shoots” 9.7 1.7 1.7 8.0 5.8 5.1 9.3 11.8
Ave. length of
current shoot(cm) 69.3 71.4 66. 4 62.7 70. 3 66. 2 79.4 67.9
Rate of current shoot(%)
below 50cm  35.4 33.3 38.9 44.4 28.0 43.2 28.7 42.1
51-100cm  43.4 45.5 38.9 36.5 50.9 30.5 36.5 36.5
above 10lcm  21.2 21.1 22.2 19.0 21.1 26.3 34.8 21.4
Rate of lateral branch(%)
1 year old 2.5 14.5 10. 9 6.1 2.6 7.2 12. 8 27.7
2 years 35.0 3.7 21.8 36. 4 36.8 45.8 37.2 36. 1
3 years 42.5 17.4 40.0 27.3 36.8 37.3 39.4 21.7
4 years 12.5 217 18.2 27.3 13.2 6.0 7.4 14.5
5 years 5.0 7.2 5.5 3.0 5.3 2.4 3.2 0.0
above 6 years 2.5% 1.4 3.6 0.0 5.3 1.2 0.0 0.0
No. of reserved branches” 0.44  0.54 0.76 0.57 0.03 0.32 0.95 0.25
Length of reserved
branch(cm) 36.3 39.5 38.6 39.0 29.0 55.1 49.8 49.6
No. of leaves” 531 457 460 417 343 347 473 439
Cropping fruit load” 11.3 11.6 9.8 12.3 11.6 8.2 3.6 7.8
No. of leaves per a fruit 46.9 39.5 47.0 33.8 29.5 42.5 130. 4 95.4
Fruit weight(g) Y™ 348(348)  418(450)  326(386) 325(348)  340(369)  336(376) 423(450)  358(371)
Specific gravity” 1.013 1. 020 1. 025 1.017 1. 024 1. 017 1. 017 1. 017
Ground color 3.93.7) 444D 3333 37@6 34@6H 36E.H 37D 42040
Flesh firmness 3.13.5) 3.13.2) 3938 32B2 3942 3633 346D 3262

1.20€0. 50) 1. 20€0. 40> 0.0¢0.0)
Heavy watercore rate% 33.3(13.3) 43.3(10.0) 0.0¢0.0)

Ave. watercore index

0.53(0.10> 0. 10€0. 00>
16.7¢0. 0

0.33(0.13) 1.57¢0.90) 0.17¢0. 03)

3.30.00  3.3(6.7 50.0(26.7> 3.3€0.0)

Z: Number per a trelis area Inf

Y: 145days after full bloom X, ¥: 152days after full bloom

V: HA;Humic Andosols THA;Thick Humic Andosols MCGL;Medium and Coarse-textured Gray Lowland soils
LA;Light-colored Andosols FGL; Fine-textured Gray Lowland soils
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Table 6. Correlation between tree vigor factors and watercore in 1990.

Tree vigor factors 145days after full bloom

152days after full bloom
Ave. watercore Heavy watercore Ave. watercore Heavy watercore

No. of current shoots” . 196 . 275 150 . 059
Amount of
current shoot growth? . 362 . 438 . 346 . 265
Ave. length of
current shoot . 685 . 699 . 816% . 838%*
Rate of current shoot
below 50cm - 451 -.505 -. 524 -. 525
51-100cm . 056 . 149 -. 042 - 112
above 10lcm .500 . 449 L T19% . 810%
Rate of lateral branch
1 year old -. 007 -. 032 - 041 -.053
2 years . 254 177 . 196 . 251
3 years . 015 -. 086 . 206 . 290
4 years -. 138 -.020 -. 349 -. 496
5 years . 257 . 342 . 146 107
above 6 years -. 408 -. 375 -. 378 - 341
No. of lateral branches* . 366 . 387 .526 .519
No. of reserved branches” . 539 . 561 . 618 . 588
Length of reserved
branch . 126 . 041 . 237 . 330
No. of leaves” . 608 . 602 . 570 . 476
Cropping fruit load” -. 305 -. 253 -. 546 -. 633
No. of leaves per a fruit . 422 . 398 . 610 . 629
Fruit weight . T81% . 833 .613 . 627
Specific gravity -. 557 -. 436 -. 488 -. 457
Ground color . 454 . 484 . 542 .438
Flesh firmness -. 615 -. 598 -. 424 -. 386
Ave. watercore index . 984%%% . 983%kx
Z: Number per a trelis area ln?
n=8 X(0.706 **(0.834 *¥X).924
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