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Table1-1, Conditions of orchard manegement in the grower's orchard surveyed (1974)
Age No. Amount of Soil Soil
of of Yield fertilizer amendment amendment
Or- Place tree | tree _ (kg /10a) | input matter
Chard (10a) | (t/10a) N P K | (kg/10a) (t/10a)
A | Nakagami 30 34 3.2 32.0 32.0 30.4 [ MgCO3-CaCOs 190 | Rice-straw 0.9
Akishima Bean grounds 0.3
City
B |Nakagami | 22 | 76 3.0 | 822 206 30.3| Ca(OH), 100 Tatami 3
”
C | Fukushima | 23 34 3.4 36.0 24.0 370 Ca(OH)y 150 Farmyard manure 3
"
D Gohchi, 15 76 4.2 66.0 36.1 66.2 | o Farmyard manure 3
"
= Gohchi 25 76 3.0 53.6 36.8 556 | Ca(OH), 100 Barnyard manure 2,
” Tatami*l
F Fujimi, 35 51 3.0 32,2 38.0 60.2 [ MgCOs *CaC03120 | Tatami*3, Born
Tachkawa dust 0.1
City
G | Nishiki 13 51 3.2 43.6 29.5 58.0 | Ca(OH), 120 Rice-straw 2,
” Born dust 0.6
H Fujimi 25 51 3.0 18.6 11.8 28.2 [ MgCOg - CaCO3 70 Rice-straw 1
"
1 Yaho 30 76 3.5 30.2 320 15.0 ——— Fowl droppings 0.2
Kunitachi Rice-straw 1
City
J Yaho, 30 76 3.5 30.0 27.1 26.0 — S Fish-born dust 0.1
7”7
K Yaho. 30 51 3.7 38.1 37.0 43.1 | MgCOgs-CaC03200 | Fowl droppings 2,
o Rice-straw 0.6
L Bubai, 28 51 3.5 371 283 42.1 [ . Barnyard manure 2.5,
Fuchu Bean grounds 0.1
City
M Bubai, 26 76 3.1 34.1 482 3731 Ca(OH)s 100 Farmyard manure 2,
7 Bean grounds 9.3
N | Nishifu, 28 | 51 3.1 | 370 305 26.0 | MgCO;-CaC0O3100 | Tatami™ 2, Bean
/ grounds 0.1
O  |Higashi- 18 76 3.0 33.3 23.6 323 R —— Rice-straw 2
naganuma,
Inagi
City
P Tokyo Agr.| 27 51 3.0 170 150 170 | MgCO3 - CaCO3 200 | Farmyard manure 2
Exp.Stn.
Mean 25 60 3.3 35.7 29.4 378 84.8 Farmyard manure 2.1

Another 0.1

* Tatami means a straw matting.
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Table 1 -2, Physical properties of s0il of grower's orchards (1974)
o )
i H 1 q H L .
§ Depth % in dried soil % in sand soil 5 |Bulk Three phase
Orchard| & Course | Fine | Total Silt | Cla % ldensity | _distribution %
L[ Cem) Gravel | Moisture| sand | sand | sand Y1 e §/100m¢ | Solid | Liquid| Air
A 0-14 1.95 353 145 407 | 55.2 256 19.2 CL 1324 257 383 34.2
14-50 9.85 1.39 13.7 295 | 832 17.0 194 |CSL 143.3 351 333 316"
B 1 0-15 1.46 431 9.4 530 | 496 291 213 CL 1494 25.2 424 324
21 15-4¢0 152 3.83 7.9 40.6 | 485 2867 248 CL 1508 326 348 (326
C 1 0-19 1.95 3.34 133 436 | 568 259 172 CL 1545 23.1 45.5 314
2119-5¢0 0.75 329 141 44.0 | 501 244 | 175 CL| 1563 276 436 [288™
3150-70 2.02 4.76 5.8 346 | 404 335 261 {LiC 1517 229 465 30.6
D 1 0-30 1.96 4.04 13.2 417 | 549 409 | 186 CL| 1632 26.1 456 |28.3%
2130-65 4.92 4.00 9.4 355 | 44.9 336 | 215 CL| 1587 24.2 49.1 |26.7
E 1 0-23 489 3.79 26.7 456 | 723 173 1104 | FSL 1335 46.3 265 |272*
2123-50| 3787 351 673 215 | 888 6.8 44 |LCS 1413 423 287 291
F 1 0-21 6.52 5.26 14.3 39.2 | 535 277 188 CL 1105 298 414 1288
21 21-34 4.05 597 135 401 | 536 285 179 CL 1311 33.6 376 288"
3134-55 713 508 15.9 364 | 526 2178 19.9 CL 1527 293 433 (274
G 1 0-34 271 159 49.5 4221917 5.1 32 |LCS 1427 455 244 |281%
21 34-46 1.57 1.39 2898 534 { 823 9.8 79 |FSL 17986 382 357 1261
3146762 0.21 1.58 255 538 | 793 128 79 {|FSL 1609 414 329 (257
4162-85 018 1.29 271 63.7 1908 5.2 40 |FSL 1635 408 332 {260
H 1 0-20 2.28 291 161 546 1 707 170 | 123 |FSL| 15565 399 349 |2 5.2*
2120-46 0.32 260 174 564 | 638 160 1 102 |FSL| 1427 427 316 [257
3146-65 722 3.33 143 492 | 635 233 [ 132 [SiL| 1456 43.1 308 26.1
I 1 0-17 4.44 4.76 10.0 494 |1 594 24.6 16.0 CL 1411 344 403 1253
2 ~36 201 3.51 10.5 576 | 605 197 122 |FSL 1490 29.0 44.2 268
J 1 0-21 0.96 5.96 8.0 418 | 486 292 | 222 CL 1162 29.0 430 {29.0%
2121-36 1] 3.65 7.2 486 | 558 282 {160 CL 1525 276 450 274
3136-60 0 2.44 10.8 600 | 708 19.0 102 |FSL 15561 282 452 (266
K 1 0-18 0.75 476 9.5 442 1537 279 184 CL 1264 353 372 |275%
2118-30 4.97 3.04 177 485 | 66.2 211 127 |FSL 1332 386 343 (271
L 1 0-16 0.58 4.19 7.2 474 | 546 265 | 189 CL| 1424 359 371 |270
2116-25 0.94 4.24 6.2 454 | 516 296 188 CL 1503 337 348 |315%
3| 25-41 200 4.29 7.8 356 | 43.4 371 19.5 CL 1511 34.1 342 317
M 1 0-23 1.25 3.77 10.9 36.0 | 469 312 1219 CL 1404 321 417 1262
2 |23-36 065 1.98 239 466 | 705 16.0 135 |FSL 1709 393 3565 |252
N 1 0-17 0.17 3.62 4.1 374 1415 371 214 CL 1470 341 412 247"
2117-33 043 252 7.4 468 | 54.2 282 | 176 CL| 1533 322 402 1276
Q 1 0-13 012 7.85 128 43.0 | 558 220 {222 CL | 1202 333 383 {279
2113-33 0156 .67 104 392 [ 496 258 | 246 CL 1194 327 389 |284"
3133-52 1.28 6.53 107 357 | 464 267 269 |LiC 1313 335 386 (279
P 1 0-17 1297 519 212 359 [ 571 254 175 CL 1458 ‘.33,0 395 275
2117-38 7.34 5.21 227 351 {578 24.0 182 CL 1275 333 392 [275%
3138-51| 1565 3.81 34.1 314 | 655 188 ; 157 CL 1406 328 378 1294
Mean in r1ooting zone 247 4.11 15.0 431 1581 24.6 17.3 — 1 139.9 338 378 |283
Data lines affexed thé asterisk used for calculation of MA in the next paragraph.
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Table 1 -3. Chemical properties of soil of grower's orchards (1974)
£
% |Depth | Main Total pH Exchange | Phosphate Available
Orchard 2; rooting | Humus N e— acidity | absorption P
| Com) zones (on) (%) (%) Ho O KC1| (YY) coefficient | (mgy/1009)
A 1 0-14 10-30 4.31 0.24 753 6.77 0.1 1,087 85.0
2|1 14-50 0.66 0.05 7.38 6.24 0.3 383 2],6*
B 1 0-15 8-17 4.17 0.31 580 470 0.5 891 181.1%
2 1 15=-40 143 0.10 434 352 128 631 101.0
C 1 0-19 12-35 4.29 0.27 538 433 0.8 775 1228
2 119-50 3.15 0.22 6.53 5.01 0.3 727 60,7*
3 150-70 1.52 0.09 6.61 522 0.3 677 2.1
D 1 0-30 10-36 426 0.29 545 432 1.5 1010 57.0*
2 130-65 281 0.19 6.58 5.39 0.2 1,118 125
E 1 0-23 9-22 4.05 0.27 4.94 425 0.7 557 111.0%
2 123-50 0.90 0.07 5.18 399 2.0 350 22.8
F 1 0-21 11-30 3.83 0.36 5.05 4.06 2.1 1,193 114.0
2 121-34 4.19 0.26 544 431 1.3 1,215 633%
3 | 34-55 2.81 0.18 561 464 0.4 879 21.6
G 1 0~34 10-34 0.90 0.08 5.94 4.68 0.2 433 69'1*
2 | 34-46 0.62 0.08 571 433 1.0 386 216
3 | 46-62 0.64 0.06 563 4.08 1.9 198 1578
4 |162-85 0.50 0.05 555 396 2.3 432 155
H 1 0-20 13-31 243 0.17 489 385 4.0 748 6 8.7
2 1 20~46 1.72 0.14 534 4.15 2.9 627 19.2%
3 14665 1.67 0.12 5,11 4.16 2.6 628 9.0
1 1 0-17 11-28 4.09 0.29 705 6.27 0.2 1,125 1519
2 117-36 2.03 0.17 517 396 3.9 800 228
J 1 0-21 10-26 6.52 0.43 396 362 9.8 1,103 90.7%
2 |121-36 3.14 0.21 440 392 9.7 1,170 302
3 |136-60 1.28 0.11 518 4.22 2.3 865 8.2
K 1 0-18 9-25 560 0.37 6.25 550 0.2 968 186.2%
2 118-30 1.84 0.14 441 353 11.3 832 296
L 1 0-16 12-28 4.44 0.34 3.68 332 16.1 806 116.9
2 11625 271 0.21 435 383 155 1,020 1 1.8*
3 12541 2.43 0.16 5.32 443 10.1 1170 7.0
M 1 0-23 10-26 4.10 0.29 537 4.28 1.0 802 124.7*
2 123-36 1.36 .10 589 432 0.8 624 25.2
N 1 0-17 8-18 3.29 0.23 593 473 0.3 608 1211.]’x<
2 117-33 1.88 0.14 568 449 0.6 746 239
(0] 1 0-13 12-32 4.05 0.42 4.76 3.76 3.4 1,213 1809
2 [13-33 422 0.30 4.21 341 19.6 1,286 75‘8*
3 |33-52 219 0.18 4.07 349 294 1660 36.6
P 1 0-17 10-33 4.57 0.31 4.08 358 8.8 1,251 44.3
2 |17-38 510 0.33 530 446 1.6 1,252 163.2*
3 138-51 3.29 0.23 538 450 1.3 959 60.3
Mean in rooting 10-30 3.64 0.25 546 447 3.7 855 86.4

zone

Data lines affexed the asterisk used for calculation of MA in the next paragraph .
_1.0_
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Table 1 -4, Exchangeable bases of soil of grower's orchards (1974)
é Depth | Exchangeable btases (me/100g) CEC % of % of
Orchard | = : « Calcium bases
;’é (em) CaO | MgO | K0 NaO | Total (me/100g) Saturation Saturation
A 1 0-14 13023 0.92 0.6 6 0.14 31.95 15.9 190.1 200.9*
2 [ 14750 988 0.77 048 0.10 11.23 8.4 118.2 134.3
B 1 0-15 11273 1.89 097 0.14 15.73 21.6 58. 9 72.8’lc
2 | 15-40 140 145 0.6 0 0.17 3.62 10.8 13.0 33.7
C 1 0-19 6.72 0.86 050 0.22 8.30 16.0 42.1 52.0*
2 [19-50 985 1.01 040 0.24 1150 14.6 67 4 78.7
3 [50-70 876 117 041 0.24 10.58 11.9 73.6 88.9
D 1 0-30 5.4 4 156 062 0.15 777 16.3 33.3 47.6*
2 |130-65 {1009 117 067 0.18 12.11 14.7 68.7 82.5
E 1 0~23 8.16 164 072 0.14 9.6 6 15.4 53.0 62.7*
2 |23-50 3.11 029 028 0.13 3.81 6.6 470 57.6
F 1 0-21 5.40 105 1.94 0.14 853 23.3 23.3 36.7*
2 |21-34 6.85 | 062 1.42 0.20 9.09 20.1 34.2 45.3
3 | 34556 722 075 0.87 0.17 9.01 19.4 3n 2 46.4
G 1 0-34 4.22 042 0.57 0.09 550 7.6 58. 2 72.4*
2 134-46 369 057 0.40 0.09 4.75 7.2 51.0 65.6
3 |46-62 3.28 057 0.37 0.10 4.32 6.9 475 62.5
4 162-85 296 061 0.33 0.08 3.98 6.2 477 64.2
H 1 020 3.43 047 0.52 0.10 4.51 12.5 27 4 36.1*
2 120-46 3.00 | 029 0.44 0.09 3.82 9.4 32.0 40.8
3 [46-65 3.53 043 0.51 0.12 4.59 9.6 36.8 478
I 1 0-17 120.69 332 0.95 0.11 2507 21.6 95.9 116.2
2 117-36 1.26 070 0.71 0.15 2.82 12.3 10.3 23.0
J 1 0-21 430 | 048 0.92 0.17 587 23.5 18.3 25.0>l<
2 121-36 163 019 0.44 0.12 2.38 11.8 13.9 20.3
3 136-60 374 077 0.50 0.13 5.14 9.3 40.4 55.5
K 1 018 [15.59 346 1.00 0.34 20.39 24.5 63.7 83.3*
2 |18-30 248 054 0.79 0.13 3.94 13.2 18. 8 29.8
L 1 0-16 1.19 024 0.69 0.14 2.26 20.0 6. 0 11.3*
2 |16-25 1.33 018 0.47 0.13 2.11 12.2 10.9 17.3
3 |125-41 5.84 092 0.93 0.15 7.84 13.6 43.0 578
M 1 0-23 8.35 121 0.58 0.23 10.37 18.6 44.8 55.7
2 123-36 518 1.03 0.46 0.16 6.83 9.8 53.1 70.1
N 1 0~17 858 111 0.47 0.21 10.37 15.7 54.8 66.3%
2 {17-33 6.10 082 0.29 0.22 743 11.3 53.9 65.6
(6] 1 0-13 (1000 1.7 4 241 0.15 14.30 34.4 29.1 41.6
2 113-33 4.32 1.15 1.84 0.19 7.50 28.4 15.2 26.4%
3 3‘3“52 297 1.00 1.80 0.17 574 19.8 14.0 29.0
P 1 0-17 093 | 016 0.23 0.11 1.43 19.6 4.7 7.4
2 |17-38 11043 144 0.52 0.10 1253 24.9 42.1 50.4%
3 138-51 8.09 140 0.52 0.13 10.14 170 47.6 59.7
Mean in tooting 715 | 106 0.76 0.16 9.14 17.0 44.7 56.4
zZone

Data lines affexed the asterisk used for calculation of MA in the nex{ paragraph .
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Table 1—8. VYields and the occurrence of the physiological
disorder in grower's orchards (1974)

No . of Yield Fruit No. of % of

Orchard Variety weight disordered disordered
fruit (kg) (g) fruit fruit
A Nijisseiki 348.0 92.951 276.1 168.4 48.4
’ Chojuro 356:1 99.680 279.9 155.1 43.6
B Nijisseiki 1382 39.427 285.3 59.2 42.8
Cho juro 141.3 41.496 293.7 62.0 43.9
c Nijisseiki 3825 98.785 258.3 2010 52.5
Chojuro 378.2 107.995 258.5 203.2 53.7
D Nijisseiki 207.2 55.600 268.3 166.3 80.3
E Nijisseiki 141.4 39.833 281.7 103.0 72.8

F Nijisseiki | 242.1 73.568 303.9 0 0"
G Nijisseiki 248.1 63.190 222.4 243.1 85.6
H Nijisseiki 243.2 66.655 274.1 183.0 75.2
I Chojuro 145.2 50.025 344.5 61.0 42.0
] Nijisseiki 191.0 46.107 241.4 176.0 92.1
Chojuro 196.3 68.600 349.5 176.2 89.8
K Nijisseiki 2872 85.382 297.3 180.1 62.7
L Nijisseiki 297.6 86.7 24 291.4 226.3 76.0
M Chojuro 133.0 40.960 308.0 11.6 8.7
N Nijisseiki 220.4 60.720 275.5 180.3 81.8
Cho juro 231.2 73.065 316.6 191.3 82.7
0 Nijisseiki 139.8 39.698 284.0 121.3 86.8
p Nijisseiki 315.7 84.930 269.0. 242.8 76.9
‘ Ché juro 216.0 63.430 293.7 154.0 71.3
Mean Nijisseiki 245.6 66.684 271.5 160.8 65.5
Chojuro 224.7 68.156 303.3 126.8 56.4

In this orchard,
was top-grafted to the non-occurring cultivar, Kosui .

'Nijisseiki?

trees that occurred the disorder

~12-
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Table 1—6. Nutrient contents of 'Nijisseiki' pear fruits in grower's
orchard in relation to the degree of disorder(1974)

Degree of % of dry weight Absolute quantity (mg/ fruit )
Orchard

disorder N P K Ca Mg N P K Ca Mg
A Severe 0.353 0.060 | 1.092 0.056 { 0.051 96.5 16.3 296.7 15.1 13.9
Nommal 0.479 0.085 | 1.050 0.068 | 0.055 | 129.2 14.8 283.3 18.4 14.8
B Slight 0.433 0.064 1.133 0.048 | 0.055 {124.1 18.4 324.9 13.9 15.6
Normal 0.5838 0.063 | 1.362 0.060 { 0.053 | 169.4 18.2 393.0 17.2 15.3
C Slight 0.464 0.057 { 0.996 0.050 | 0.061 |127.2 15.6 273.0 13.6 15.6
D Severe 0.462 0.059 | 0.971 0.030 [ 0.053 |130.9 16.7 275.1 81 | 150
Normal 0.432 0.056 | 0.922 0.035 | 0.053 (1772 15.2 250.1 9.4 14.4
E Stight 0.460 0.063 | 1.113 0.049 | 0.053 1136.4 18.7 330.1 14.5 15.7
F Normal 0.480 0.055 | D.743 D.050 | 0.051 [147 4 16.9 k228v1 i2.3 13.7
G Severe 0.356 0.037 1.087 0.033 | 0.047 86.4 13.8 259.2 8.0 114
Normal 0.371 0.049 | 0.901 0.035 | 0.048 90.1 11.9 218.9 8.5 117
H Severe 0.572 0.054 1.108 0.021 0.069 1158.4 15.0 306.3 5.9 19.1
Normal 0.386 0.040 | 0.901 0.053 | 0.040 11069 111 249.6 14.7 111
Severe 0.603 0.056 | 1.021 0.027 | 0.053 }|152.9 18.5 258.8 6.8 13.4

K Slight 0.525 0.064 1.108 0.045 | 0.046 |164.0 20.0 346.1 14.0 14.4
L Slight 0.534 0.049 | 0.896 0.033 | 0.052 |104.2 15.0 274.7 10.1 15.9
N Severe 0.479 0.051 0.892 0.033 | 0.039 |132.3 13.3 246.3 9.0 10.8
Normal 0.294 0.048 | 0.789 0.038 | 0.048 82.0 13.4 220.0 10.7 13.4
o} Severe 0.533 0.056 | 0.988 0.026 | 0.055 1129.5 13.6 240.0 6.4 13.4
P Severe 0.450 0.048 | 1.220 0.039 | 0.051 122.7 13.1 332.7 10.5 13.9
Normal 0.433 0.044 | 0.959 0.061 | 0.0563 |119.8 13.3 265.2 16.9 14.7
Mean Disorder 0.464 0.057 1.047 0.038 | 0.053 [128.1 16.8 289.5 10.5 14.5
Normal 0.433 0.051 0.841 0.049 | 0.050 {120.3 14.4 263.5 13.5 13.9
Significance test NS NS L) NS | NS NS NS NS -+ NS

t-test was done for the mean between abnormal and normal fruits of A,B,D.GIN and P orchards .
#%, 4+ I Sighnificant at the 1 % and 10% level, respectively.
NS Non-significant .

Table 1—7. Nutrient contents of 'Chojuro’ pear fruits in the grower's
orchard in relation to the degree of disorder (1974)

QOr- | Degree of % of dry weight Absolute quantity (mg/ fruit)
chard

disorder N P K Ca Mg N P K Ca Mg

A Siight 0.464 | 0.140 1.085 | 0.057 | 0.050} 155.8 | 47.0 364.6 19.1 16.8

Severe 0.463 | 0.155| 1.100 | 0.037 | 0.037| 1524 { 51.0 362.1 12.2 12.2

Normal 0.340 { 0.107| 0.863 [ 0.057 | 0.049| 121.8 | 38.3 309.0 20.4 17.6

C Severe 0.511 | 0.166| 1.260 | 0.042 | 0.044 | 175.2 | 56.9 43L.8 14.4 15.1

I Severe 0.371 [ 0.104| 0.864 | 0.045 | 0.033 | 146.2 | 41.0 340.4 17.7 13.0

J Severe 0.370 | 0.109| 1.095 | 0.039 { 0.037( 148.9 | 43.9 440.7 15.7 14.9

M Slight 0.372 | 0.105] 0.015 | 0.052 | 0.041 | 137.5 | 38.8 375.1 19.2 15.2

N Slight 0.402 [ 0.114] 0.720 [ 0.051 | 0.035| 144.6 | 41.0 258.9 18.3 12.6

P Severe 0.340 | 0.099| 1.018 | 0.047 | 0.036 97.5 | 28.4 292.0 13.5 10.3

Normal 0.309 | 0.096| 0.865 } 0.054 | 0.043 89.8 | 27.9 251.5 15.7 12.5

Mean | Disorder 0.412 [0.124 1.020 | 0.046 | 0.039| 144.8 { 43.5 358.2 16.3 13.8

Normal 0.325 [ 0.102] 0.864 | 0.056 | 0.046 | 106.8 | 33.1 280.3 18.1 15.1

-13~-



FREESEGARIEIITRS M 154 (19824F)

Table 1—8. Sugar contents of 'Nijisseiki' pear fruits in grower's orchard
in relation to the degree of disorder ( % of fresh weight,1974)

Or- | Degree of | Total | Reducing Sucrose | Sucrose Titratable
chard Glucose [Fructose | Sucrose | o | e —= | Starch| Brix acidity
disorder | sugar | sugar Total | Fructose (as malic)
sugar
A Severe 9.98 8. 34 3.10 5.28 1.52 0.15 0.29 0.031 10.8 0.121
Normal 12.36 8.75 3.29 5.46 3.43 0.28 0.63 0.023 11.4 0.137
B Slight 11.36 8. 65 2.80 5,85 2.57 0.23 0.44 0.032 11.4 0.141
Normal 12.28 8.68 2.78 5.90 3.42 0.28 0.59 0.018 11.2 0.134
C Slight 10.91 7. 538 3.35 4.18 3.21 0.29 0.77 0.022 10.6 0.144
D Severe 10.34 7. 67 3.79 3.88 2.54 0.25 0.65 0.028 0.8 . 0.147
Normal 12.40 9.41 2.65 6.80 2.81 0.23 0.41 0.012 11.0 0.154
E Slight 12.61 8.17 2.87 5.31 4.22 0.33 0.79 0.009 11.6 D112
F Normal 12.65 49.27 2.85 6.42 3.21 0.25 0.50 0.024 1.4 0.132
G Severe 9.59 6.63 3.62 3.01 2.66 0.28 0.88 0.034 | 110 0.111
Normal 11.30 7.85 4.09 3.76 327 0.29 0.87 0.018 11.2 0.144
H Severe 2.08 6.78 3.82 2.95 2.19 0.24 0.74 0.034 11.2 0.141
Normal 13.18 8.86 2.90 5.96 4.11 0.31 0.69 0.025 11.4 0.137
1 Severe 11.29 7.57 3.35 4.22 3.54 0.31 0.84 0.023 11.7 0.134
K Slight 12.18 9.68 3.01 6.66 1.43 0.12 0.21 0.019 11.2 0.114
L Slight 11.86 7.66 3.10 4.55 3.99 0.354 0.88 0013 11.2 0.131
N Severe 10.88 792 3.82 4.10 2.81 0.26 0.69 0.024 11.0 0.111
Normal 12.53 9.10 3.53 5.57 3.26 0.26 0.59 0.018 11.2 0.104
[¢] Severe 10.39 7.71 3.97 3.74 2.53 0.24 0.68 0.019 11.6 0.131
P Severe 10.30 7.52 3.38 4.14 2.64 0.26 0.64 0.012 10.4 0.102
Normal 12.67 9.06 2.76 6.30 3.43 0.27 0.54 0.013 12.0 0.154
Mean [Disorder |10.83 7.84 3.38 4.45 2.76 0.25 0.62 0.023 111 0.126
Normal 12.42 8.88 3.11 5.77 3.37 0.27 0.58 0.019 114 0.137
Significance test *# w* NS #% -+ NS NS NS NS NS

t- test was done the mean between abnormal and normal fruits of A,B,D,G,H,N, and P
orchards .
%, 4+ | Significant at the 1% and 10 % level, respectively,

NS : Non-significant .

-14-
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Table 1-9.

Sugar contents of 'Chojuro’

pear fruits in grower's orchard

in relation to the degree of disorder (% of fresh weight, 1974)

Degree of | Total | Reducing Sucrose | Sucrose Titratable
Or- Glucose | Fructose | Sucrose| _.— Starch|Brix | acidity
chard | disorder | sugar | sugar Total | Fructose (as malic)
sugar
A Slight 10.77 10.21 3.15 7.06 0.73 0.08 0.10 0.031 1 13.2 0.137
B Severe 8.91 8.67 3.05 5.62 0.23 0.03 0.04 0.035 ) 14.2 0.173
Normal 11.94 11.53 2.45 9.07 0.39 0.03 0.04 0.015 | 12.4 0.101
C Severe 10.02 8.83 3.15 5.68 1.13 0.11 0.20 0.017 | 12.6 0.174
1 Severe 9.98 8.21 2.36 5.85 1.69 0.17 0.29 0.017 | 12.8 0.099
J Severe 9.33 3.03 2.25 5.78 1.24 0.13 0.21 0.058 | 12.2 0.112
M Slight 10.80 10.21 2.45 775 0.56 0.05 0.07 0.018 | 14.2 0.111
N Slight 10.37 8.66 246 6.20 1.63 0.16 0.26 0.012 | 12.8 0.114
P Bevere 10.44 8.13 3.48 4.65 2.19 0.21 0.47 0.014 | 12.8 0.134
Normal 13.14 10.98 3.44 154 2.06 0.16 0.27 0.006 | 13.2 0.130
Mean | Disorder 10.10 8.87 2.93 6.07 1.18 012 0.19 0.024 | 13.1 0.132
Nomal 12.54 11.24 2.95 831 1.23 0.10 0.15 0.011 | 12.8 0.116

Table 1—10,

Leaf analysis of nutrients in 'Nijisseiki’

orchards (%

of dry weight, 1974) .

pear trees of grower's

Orchard N P K Ca Mg
A 2.47 0.170 1.28 1.75 0.287
B 2.91 0.187 1.39 1.55 0.247
C 2.53 0.179 0.96 1.67 0.258
D 2.60 0.155 1.08 1.42 0.278
E 2.67 0.196 1.18 .10 0.225
F 2.44 0.165 1.81 1.25 0.192
G 2.23 0.140 0.98 0.96 0.150
H 2.35 0.138 1.08 1.40 0.219
J 2.44 0.170 1.37 1.10 0.216
K 2.75 0.175 1.22 1.60 0.243
L 2.49 0.164 1.35 0.94 0.229
N 2.50 0.161 0.86 1.45 0.210
(6] 2.23 0.162 1.35 1.20 0.197
P 2.34 0.143 0.95 1.32 0.290

Mean 2.50 0.165 1.20 1.30 0.230
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Table 111,

Leaf analysis of nutrients in 'Chdjuro’
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pear trees of grower's
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Orchard N ’ P K Ca Mg
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Mean 2.48 0.172 1.05 1.36 0.213
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Table 1—12. Analysis of variance for fruit, leaf and soil property in grower's
orchards (1974),
Total pH Available
Property Porosity e o Y1 Ca® MgO
N HyO KCI P
F 11.87 135.10 46.50 1208.62 803[3’.06 4684.86 684.24 123.5
Signifi~ ® % * ok * % * ® % # % * * %
cance
% of No, of fruit % of
Property Ko O CEC Calcium Yield N-ab
saturation fruit weight | disorder
1 96.49 757.09 3.84 6734.14 677.91 23.70 5051.01 6.40
Signifi- * * * ¢ * % * *x ke * *
cance
Total | Reducing
Property P-ab K-ab | Ca~ab | Mg-ab Glucose | Fructose | Sucrose
sugar sugar
I 17.89 11.73 9.50 3.66 2.07 4.93 4.44 50.4 6.88
Signifi- * o * * * * NS * ok * % ExS Ex ]
cance
Titratable Leaf Leaf | Leaf Leaf Leaf
Pooperty Starch | Brix
acidity N P K Ca Mg
B 3.82 1.18 6.53 35.37 18.30 54.32 36.20 32.30
Signifi # % NS * % * % * % ® % * % ® %
cance
# ok Significant at the 1% level, NS : Non-significant .
N-ab ! N absolute quantity, P-ab : P absolute quantity, K-ab : K absolute

quantity,

Ca-ab : Ca absolute quantity, Mg-ab : Mg absolute quantity .
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FACOM 230-50 FA F\ o,

1) EROHHICK S BEEONE

Tablel-1KiRL#A.B,C,D,E,F,G,H, ].K,
L.M, O, PE» &R 3 B oA G 42 oy

M DNTREDACERINS 5 X O o+ s Lo
P 1SRRI B D TR T TS - 1o

1 BB DB A ERG ¥ CORBEHE L £ OREE N
7 b Mt Tablel-4 D LR HTHAH, H1IEHHTE
BB A8 ABIPA I oL LT D, B 2 EN ¥ T
EET D L EAROK 7 2DERY LI UlcZ LR85,
A ~2 b IR T DERSC VT 5 &5 8|
L7 BB L, FOHREIAE IR EFOERS %

Table 1—14, Vectors and contribution of variables of grower's orchards (1974).
. Component No . Contribution
Variable on 4
1 2 3 4 Components
Xo Ho O 0.294 ~-0.347 -0.008 ~-0.065 86 .7
p { .
K10 KCl . 336 -.270 -.065 105 91 .4
X13 Exchangeable Ca 338 -.206 -.173 .232 92.7
Calcium .
X17 saturation 293 .325 .212 .126 93.0
Xoo Fruit weight 058 323 339 717 89 .6
absolute
Koo quantity 280 . 276 198 340 86 .7
Xoa Ca ” 359 .098 -.231 ~-.108 91.7
X7 Reducing sugar 293 .273 150 .127 80.7
X2s  Glucose ~. 230 -.292 404 . 139 80 .9
Xog Fructose 312 .321 -.038 057 92.9
Xa1  Strach- . 053 -.334 546 -.235 76.7
Xsq Leaf N . 263 L2290 344 ~.383 84.7
Xaq Leaf Ca . 286 -.214 331 180 81 .4
Eigen value 6.290 3.039 1.230 0.811
Mean
Contribution 0.484 0.234 0.095 0.062
87.6 %
Cumulative 48.4 % | 71.8 % 81.3 % | 87.6 %
contribution

Note !m in Xy,

are the same symbols in the Fig.s.
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+ 2 A-1
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186~100 X
% of
disorder
Fig, 1 ~—6, Scatter diagram of grower's orchards based on component score (1974) .

R~ Sug. = Reducing sugar, Ex-Ca = Exchangeable Ca,
Ca - Sat = Degree of calcium saturation.

Refer to Table 1-1: A,B,C,D,E,F,G.H,J,K,L.M,0,and P.
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Fig, 1 —©, Relationship between the
degree of physiological
disorder and calcium con-—
tents in 'Nijisseiki'pear
fruits of grower's orchar-

ds (1974) ,

KAk o

Sighificant at 0.1% level.

Table 1--18, The multiple regression equation of grower's orchards (1974).

Selected
variable

. Coefficient of
Step The multiple regression equation multiple deter-
mination(R?)
1 Yo~ 3.672X0q -+109.868 62.7 %
2 | Y=-3.878Xps—499.318 X3, +123.592 70. 5
3 | Y=~2.984 Xpq ~ 601.426 X3, 10.165 Xpg+82.497 74. 5
4 | Y=~ 111 Xpg ~ 342.127 X31 + 18.597 Xog 82. 1
~ 24.662X37-+61.26
5 Y =~ 1.442Kgq ~ 307.06 X311+ 20.283 X5 — 28.214 Ksn 84. 4
+3.625 Xo7+ 34,437
6 Y= ~2.169 Xpq —414.515 K31+ 20.38 Xos —33.283 X7 85. 6
+4.638 X7+ 3.921 X404 25.057
7 Y=~ 1.565Xoq - 308.728.X3;1 +23.131 Xog — 31.794 Xy 87. 0
+3.778 Xp1+8.545 X0~ 5.974 X+ 23.663

Ca absolute
quantity
Starch

Glucose

Leaf Ca

Reducing
sugar

Y;

pH(H,0)
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Fig. 1 —7. Relationship between the
degree of physiological
disorder and calcium satu-
ration in the soil of gro-
wer's orchards (1974) ,

*:Sighificant at 5% level.
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** . Gignificant at 0.1% level.
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Fig, 2—8, Effects of disbudding on the yield, fruit weight and a number of fruits of
'Nijisseiki' pear tree,

* ! Significant at the 5% level.
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Fig., 29, Effects of disbudding on FogE, o :ﬁén.ﬁ%ai 40 B - FERARKIR), BERRSE
the occurrence of physiolo- A R CREEDRD b, BITEEHEI
gical disorder of 'Nijissei- le?ﬁ”%i&i)\ﬁﬁkbbﬂf&ﬁ:@f:o
ki' pear fruit. FERAO SRR, FHI R~ T BT
* :Significant at the 5% level. Table2-8ic, FHHOSRHHTOREFICOUVTIL

Table 2—2, Analysis of variance for data of the Table 2~-1.

Treatment NO\Of Yield Prmt_
fruit weight
Disbudding
Vs A 283.18%% 44, 75%%* 0.13
control
Abnormal '
Vs, (B) 1637 .60%* 215 . 06** 6,27

normal tree

Fruit bearing
parts in the (C) 5872 .40 %% 661.19%x% 4.72
tree crown

A X B 0.64 9.56 22,657
A X C 358.43%x* 32.91+% 0.96
B xX C 146.93%x* 29.71* 1.85

%, %% . Significant at the 5% and 1% level, respectively.

The second order interaction (AXBXC) was used as error.
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Table 2--4. Analysis of variance for data of Table 2—3.
Treatment No ..of Yield Frm’t
fruit weight
Fruit thinning .
VS. (A) 716 .47 %% 156 . 45%%* 22,28%
control
Abnomal
vs. (B> 17 .44 57.,03% 76.10%
normal tree
Fruit bearing
parts in the ) 879.70%% 289.63 %% 4,14
tree crown
A X B 11.68 12.93 0,23
A X C 37.49% 4.33 2.46
B X C 6.12 7.10 0.05
*,%% 1 Significant at the 5% ant 1% level, respectively.

The second order interaction ( A X B X'C ) was used as error.

Effects of fruit thinning on the mineral elements of 'Nijisseiki' pea,rl
fruits (% of dry weight, 1974).

Table 2 —5,

N p K Ca Mg
Treatment o o 5 out 5
Inside|Middle | “gjq; | Inside[Middle | ‘20" | Inside|Middle] Q44 | Inside|Middle| Q0 | Tnside| Middle | 0%~
£l Dis‘f’“‘?:ed 0.405 | 0.393 | 0.379 | 0.089 | 0.088 | 0.084 | 1.067 | 1.142 | 1.000 | 0.033 | 0.044 | 0.050] 0.061 ] 0.061 | 0.059
e Tt
] NO";na!t 0.442 | 0.412 | 0.420 | 0.070 | 0.067 | 0.065 | 1.050 | 1.088 | 1.017 { 0.054 | 0.059 | 0.057 ] 0.068 | 0.051 | 0.053
- a1
3 '
& | Normal. fruit 0.502 | 0.467 | 0.552 | 0.074 | 0.074 | 0.073 | 1.050 | 1.067 | 1.050 | 0.067 | 0.073 | 0.058{ 0.054 | 0.050 | 6.047
Normal tree
Dis‘f"d‘?ged 0.410 | ©.390 | 0.399 | 0.085 | 0.084 | 0.080 | 1.108 | 1.183 | 1.828 | 0.029 | 0.043 | 0.046] 0.077 | 0.081 | 0.057
. rui
?
g Nomf‘a‘_t 0.451 | 0.422 | 0.439 | 0.091 | 0.131 | 0.088 | 1.220 | 1.411 | 1.096 | 0.039 | 0.047 | 0.046] 0.060 | 0.075 | 0.055
3 rut
Normal, fruit 0.483 | 0.445 | 0.493 | 0.074 | 0.074 | 0.073 | 1411 | 1187 | 1.025 | 0.067 | 0.066 | 0.053| 0074 | 0.063 | 0.046
Normal tree
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Table 2—6, Effects of fruit thinning on the nutrient contents of 'Nijisseiki'
pear fruits (% of fresh weight, 1974 ).
Total sugar Reducing sugar Fructose
. s v Out - ca g Out~- : : Out-
Treatment Inside [Middle Side Inside|Middle side Inside | Middle Side
o (o Disordered |y say | 5574 | 0100 | 6625 | 7.735 | 8213 | L241| 1519| 1661
Aol I fruit
g1 5~ ‘
£| 5 | Normal 8.938 | 9.350 |10.579 | 8813 | 9.338 | 3.773 | 5.040| 4.872| 3.878
« fruit
-
& Normal fruit X
s > 10.700 {11575 | 10.800 | 9.963 | 9.900 | 6.435 | 6.206| 6.206| 6.204
Normal tree
5 g Pisordered | o 00 | 7813 [10.025 | 7938 | 6788 | 7525 | 3.074| 2756 | 3.377
| gk fruit
g ) . .
ey o i .
5|2 | Norma 10.475 |11.625 | 9.500 | 8.436 | 9.350 | 7.088 | 5103 | 5318 3.372
Q Lo fruit
3)
Normal fruit |\, goq |11 375 | 12,650 | 7.950 | 8.431 | 9.188 | 4.086| s5.162| 5287
\ Normal tree
Glucos Sucrose Starch
. o . Out~ . A Out- . . Out-~
Treatment Inside |Middle side Inside |[Middle side Inside| Middle side
o (o [ DiS0rdered b g g | 6016 | 6.550| 0.867| 0.798 | 0.843 |0.043 | 0.076 | 0.066
agiad fruit
E1ge
gle~
£ g | Normal 5.040 | 4.871 | 5.460| .119| .511| 1.057| .022| .045 | .022
< fruit
-
o .
- Normal Truit) 55081 2944 | 3696 .870| 1862 | .855| .024| .023 | .016
Normal tree
o[ Pisordered |y g6u| yosa | 3948 1389| .oma| 2375| .o48| .060 | 033
g8 fruit
ola*
218 Normal
2| B ; 3.360 | 4.032 | 3.360] 1.912] 2163 ] 2292 .036] .038 | .033
S« fruit
3]
Normal, fruit |y g6, | 5006 | 5006| 3.432| 2791 | 3289 | .036| .030 | .027
~ Normal tree
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Table 2 —~ 7. Analysis of variance for data of Table 2—& and 2—6.
Treatment N P K Ca | Mg Total | Reducing Fructose {Glucorse | Sucrose |{Starch
sugar sugar
Fruit thinning * wx « ok
vs. 114 | 11.92|6.03| 3154 | 261 | 2.32 3.02 1.05 18.12 84.65 0.01
control
Abnomal o " o * o * * ok
Vs, (B) 7450 7.77|0.02]124.60 | 0.88 8.65 5.76 51.13 12.85 8.99 19.84
normal tree
Fruit bearing "
parts in the (C) 5.12 | 1.9710.72| 12.87 | 285} 0.54 0.15 0.38 0.19 2.57 4.22
tree crown
* * * * I3
A X B 7.99 (17.8310.07| 743 | 0.17 0.02 0.82 12.42 5.74 7.33 3.79
A X C 0.85 ] 0.94]0.09 0.01 | 0.76 0.34 0.32 0.02 1.03 0.76 1.79
*
B X C 4731 0771071 16.31 | 0.18 0.33 0.38 0.86 0.18 0.89 1.31

#,%% . Significant at the 5% and 1%

level, respectively.

The second order interaction ( A XB X C ) was used as error.

Table 2—8. Effects of fruit thinning on the lenght of a shoot, average weight of a

shoot ,

total weight of shoots per tree and number of shoots per tree in

the nomal and abnormal trees in relation to the fruit bearing parts of tree

crown of ‘Nijisseiki' pear (1974 ).

Inside Middle Outside Total
Treatment No.of | Shoot | Shoot |weight | No.of [Shoot |Shoot [weight | No.of |Shoot |Shoot [weight | No.of [Shoot | Shoot |Weight
Shoot { lenght{weigh | Shoot | Shoot |lenght|weight| Shoot| Shoot|lenght |weight| Shoot | lenght| lenght|weight{ Shoot

k4 om kg 3 on kg g cn kg g om kg g
A Abnormal | 56.0 70.0 2.940 | 52.5 106.0 67.1 5.000 47.2 59.0 49.9 2.092| 35.5 221.0 63.2 [10.032 45.4
= tree |(12.4) (., 650) (1.8) (., 368) (2.2) (.077 (5.4) (.246)
i Normal 88.3 72.3 4.530 51.3 143.5 63.6 6.710 46.6 48.6 51.1 1.250 | 25.7 280.4 64.2 [12.490 44.5
a2 tree (19.5) (1.002) (10.6) (. 494) (1.8) (.046 (6.9) (.307)
[
.. [ Abnormal| 79.5 703 | 3.446 | 433 | 1675 | 615 | 7.795 | 465 | 625 | 49.2 | 1.532| 244 {3095 [ 617 12776 | 412
e tree |(17.6) (. 762) (12.3) (.574) (2.3) (.056 (1.6) (.314)
5
IS
8 Normal 81.0 79.2 4.852 53.3 128.0 66.9 6.203 48.4 51.5 52.1 1.476 28.7 270.5 68.0 12.531 46.3

tree |(20.1) (1.073) ( 9.4) (.457) (1.9) (.054 (6.6) (.308)

Values in parenthesis denotes the amounts of 1 square meter,
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OOOCC T able 2 ~—9. Analysis of varianee for data of Table 2 —8.
No.of Shoot Shoot Weight
Treatment shoot lenght weight Shoot
Fruit thinning
Vs, (A 3.15 0.39 1.92 0.74
control
Abnormal
VS, (B 2.76 8.21 6.82 1.40
normal tree
Fruit bearing
position in the (C) 103, 13%x% 151 .55%% 132,.72%% 6.36
tree crown
A X B 3.87 6.21 1.09 5.16
A X C 0.86 1.40 0.60 2.66
B X C 3.70 2.11 7.64 1.99

*, %% [ Sipgnificant at the 1%

level

The second order interaction ( A X B X C ) was used error.
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Table 2 —10. Effect of change-grafting of the flower bus betwsen normal and abnormal
trees on the occurrence of the physiological disorder of 'Nijisseiki'pear

No. of
. disordered
5 fruit
Treatment & E @ & =
wE | we ol 2 = sl 28 5| %t
ow log | w | 8.2 © 39 | e b = €0 L] S0
cfEilca!l 8 |sB o) Fe Qg 5 2| = ° 2
zwlzS| 5 |28 > B 22 & b= N e R
kg g
® 25 | 20 |'70 | 10 {1.180] 118.0 5.0 4.0 | 1.0 | 0.0 5.0 50.0
g
| B ” 7 |71 | 12 {2736 228.0 0.0 50 | 5.0 | 20 |12.0. | 100.0
R -
]2 ” 7o 1'72 | 17 |3.847 1 2263 0,0 80 | 70 {20 170 | 100.0
3 =}
2 2 ” “ 73 ] 20 145521 22756 0.0 1.0 1 9.0 1 00 200 | 1000
- 25 | 23 |'70 6 | .836] 139.3 6.0 0.0 | 0.0 |00 0.0 0.0
g | 3
2] ” # 171 | 16 |3.848|240.5 | 16.0 0.0 | 0.0 | 00 0.0 0.0
3
S5 1 2 | » {v1z| 21 [5078lams J2io | 0o |00 {oo | 00| oo
Z o« ” 7 1'73 | 23 |5580 | 2426 | 210 0.0 100 {00 0.0 0.0
(%)
100 Qunnmmm e Ommmmmmne 9
{ ;
. .
90 b /‘/T\
. N . Abnormal tree
f
B0 K
5 ,
& s !
- 70 b I'LNormal shoot grafted on
M S, abnormal tree
] .
bt - "
b 60 ,
et ’
3 ‘
r— "
3 50 b °
2 VGrafting
3 40}
1
=
fad
A
30
20p
Normal tree
10 p Abnormal shoot grafted on
normal tree
[~ £ 0. £, £,
1969 1970 1971 1972 1973
After . P
Before _First Second _Third . Fourth

treatment

Fig, 2—1 O, Annual changes of the occurrence of physiological disorder

in the fruits affected on the normal shoot, and abnomal

shoots ,

where were grafted on the normal and abnormal

trees respectively,
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PN R Disordered fruit s

Normal frait PR, Lo

®
g
Water content in {rait (%)
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Fig,3-1,
weight in 1971 and 1972 and in the

Seasonal changes in the fresh

percentage of water content in 1972 of
'Nijisseiki' pear fruits,
Arrow denotes the first sign of the

physiological disorder
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Fig3—2, Seasonal changes inthe dry

weight of 'Nijisseiki' pear fruits

in 1972
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Table 3-—1, Comparison‘of mineral elements of 'Nijisseiki' pear fruits showing
various degrees of physiological disorder (19272) .
Degree of % of dry weight Absolute -quantity(mg/ fruit) Fruit
' weight
disorder N P K Ca Mg N P K Ca | Mg (g)
Severe 0.390 | 0.086 1.055{ 0.051} 0.053 93.8 20.0 | 244.2 10.9 12.3 225.1
Middle 0.396 | 0.096 1.078 ] 0.052 | 0.056 91.3 22.3 | 268.0 12.0 13.0 261.8
Slight 0.412 | 0.090 0.9221] 0.053 | 0.059 | 103.3 22.6 | 231.4 13.1 14.7 2712
Norma1a> 0.429 | 0.087 0.989| 0.056 | 0.054 119.1 23.9 | 257.9 15.1 14.5 282.2
b
Normal ) 0.460 | 0.089 1.043| 0.066 | 0.059 | 133.1 25.4 | 300.3 18.5 16.9 301.2
ats5% 3.5
LSD NS | NS NS | NS NS | NS NS | NS NS NS
at 1% 4.8

a) . Collected from trees bearing disordered fruits.

b) ¢ Collected from trees bearing normal fruits only.

NS ! Non-significant.
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Table 3—2, Correlation matrix of variables of 'Nijisseiki' pear fruits showing
various degrees of physiological disorder (1972 ) ,
Variable N-% | P-% | K-%|Ca~-%|Mg-% | N-ab.|P-ab.|{K-ab. |Ca-ab.|Mg-ab.
X1 N % 1.000
n=29
X, P % 022 | 1.000 0.05 = 0.367"
p {00t = o04a71™"
. %
Xs K % 198 | .056 | 1.000 0.001— 0.579"*
). Ca % L2710 L0991} 079 1.000
% %
Xs Mg % 559 | .297 | .192| .317] 1.000
\ ok
‘X, N absolute 767 | -.053 |~.025 | 111 ] .205| 1.000
quantity
o EX 33 %* %
X absolute 169 | 565 |-.122] .064 | .040| .560 | 1.000
quantity
3 Neok k% 3% %
X absolute .285 |-.015 | 620 | .117 | .021| .556 | .496 | 1.000
quantity
. Kok ok * £
X, Cadbsolute 304 | .043 |-.080 | .796 | .122| .525 | .457| .441| 1000
quantity
. kK %k kok ok ko Ak £ *e
X0 Mg2bsolute .525 | .259 |~.065 | .193 | .635| .710 | .619| .444| .516 | 1.000
guantity
¢ * % e ol *
Degree of -.410 | .223 | .250 | -.430 | -.251 | -.532 |-.168 | ~.131 | ~.602 | ~.467
disorder
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Nitrogen and mineral analysis of 'Nijisseiki' pear fruitsa)showing

various degrees of physiological disorder (% of dry weight ),

Degree of >

disorder N . K Ca Mg

Severe 0:.396 0.085 1.139 0.041 0.063

S1ight 412 084 1.188 047 063

Normal?’ 431 082 981 050 060

Normal®’ 487 078 1.132 064 050
at 5% 0.072 0,010

LSD : NS NS NS
at 1% e 0.013

a) Fruit, almost uniform in weight(280--109),were collected for analysis on

September 14, 1973,

b) Collected from trees bearing disordered fruits.
c) Collected from trees bearing normal fruits only.
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a) Collected from trees bearing normal fruits only.
b) Collected from trees bearing disordered fruits.
*** Significant at the 0.1% level.
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Comparison of sugars and acidity of 'Nijisseiki' pear fruits showing

various degrees of physiological disorder( % of fresh weight, 1973),

Table 3 — 4,

Degree of Total |Reducing Eil.cl?_s-?‘ /Sicﬁi(ie' Fructose Titratable
) Glucose | Fructose | Sucrose | Total Reducing | Starch | acidity
disorder sugar sugar sugar |Fructose | sugar (as malic)

Severs 8.74 747 5.20 2.27 121 0.138 0.508 0.304 0.054 0.109
Slight 9.93 8.64 4.98 3.66 122 123 .333 .423 037 L109
Normala) 10.58 8.64 4.35 4.29 1. 84 174 .429 .496 .033 115
Normalb) 11.44 9.27 3.64 5.65 2.07 .181 .366 .609 026 .126

ats% 1.04 1.06 1.17 1.04 .036 101 .103 012
LDS NS NS
at 1% 1.42 1.45 1.58 1.40 .048 . 136 142 016

Fruit analysis was done for the same fruits as those used in Table 3 -3,
a) Collected from trees bearing disordered fruits.

b) Collected from trees normal fruits only.
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Table 3—&. Results of principal component analysis for 'Nijisseiki' pear fruits

showing various degrees of physiological disorder (1973) .,

Component  No. Contribution
Variable on 4
1 2 3 4 components
Xy N % 0.391 -0.029 0.084 -0.122 77.6 %
X2 P % -,073 .492 -.222 -.082 86.5
Xs K % 022 513 ~.114 261 90.5
X4 Ca % .324 -, 140 -.049 .576 81.7
Xs Mg % ~,135 .394 ~.422 .178 82.6
Xe Total sugar .383 .113 ~-.207 -.082 82.2
X7 Reducing sugar .302 -.208 ~.549 .058 96.3
Xs Glucose -.289 ~.299 -.273 . 248 83.3
Xg Fructose L4114 .057 -.205 -.135 91.8
X1o Sucrose 157 . 383 .331 -.195 75,3
Xiy Starch -.349 L122 .021 .320 72.3
X,, 1itratable 280 093 424 563 86.2
acidity
Eigen value 4.927 3.189 1.231 0.717
Mean
Contribution 0.411 0.266 0.103 0.060
C lati 83.9 %
umuiative o s o o o
contribution 41,1 % 67.6 % 77.9 % 83.9 %

Note !m in X are the same symbols in the Table 3-5.
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Fig. 38

—30, Comparison of sugar components of 'Nijisseiki'

pear fruits

showing various degrees of physiological disorder (1973) .

a) Collected from trees bearing normal fruits only.

b) Collected from trees bearing disordered fruits.
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Fig, 3—81, Correlations between variables and the first and the second
components in 'Nijisseiki' pear fruits showing degrees of phy-

siological disorder( factor loading),

T- sug=Total sugar, R~ sug=Reducing sugar, Acid=Titratable acidity.
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Fig, 3--32, Scatter diagram of 'Nijisseiki' pear fruits showing various
degrees of physiological disorder (1973),

T-sug=Total sugar, R~ sug. = Reducing sugar.
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Table 8~7, The multiple regression equation of 'Nijisseiki' pear fruits showing
various degrees of physiological disorder (1973),
Coefficient of Selected
Step The multiple regression equation multiple deter- .
: ; 2 variable
mination(R*)
1 Y=-24.471Xg + 13.059 71.5 % Fructose
2 Y=-15.145Xg ~0.322X, + 10.312 78.8 Ca %
3 Y=-14.229Xg ~0.257 Xy - 18.878X; + 10.625 81.3 N %
Total Y= 30.701 X; +8.708 X - 0.08 X3~ 11.592 X,
+4.465X5+0.177 X5+ 11.274 Xy
94.0
- 11.297 Xg ~ 3.999 X ~ 0.472 X10
+16.308 X3, ~ 2.608 X12+4.75
Note :m in X, and Y are the same symbols as shown in the Table 3-5 .
S, F o FE, haw A, Lol BRI OSEE L BRI R (X o) Tihb, Fo%
WEANZ N TG T B D, B - BEE (A HHRIXTLE BCTholeo B 2BEMETCIT ALY A (Xy)
SOWERER - e (O ) iR & et - et 2SRER, FHRL 88 B, 8 3 BT 5 3

OREHREALE Ule 2 v — 750 bhbe LvL,
DTN T O, 2R (ZoHh) DY v,
NN T b, RTEYY AROY PR N I —-T L
TR ORNRE S EGEND I T DD BRI,

DX H, EERAIE FuﬁliXKLmM?
%%¢@7F7ﬁi'6&&k &%,Emu,%%

:/\'%

7= -0.899
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(Xq) 28T, 53T 813 B Tnot, I, 445
BOBRIEWERIFR L L o1, 20w bR 94 % C
B ooy, BERORERE IS 5 5 R,
Y= —14.229 Xg — 0.257 X4 — 18.878 X, + 10.625
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Table 3-- 8., Comparison of nutrient contents in different sections of normal and

disordered fruits of 'Chdjuro'

pear (% of dry weight,1974),

Part in Normal fruit Disordered fruit

fruit N P K Ca Mg N P K Ca Mg
P??g;‘gle 0.583 | 0.103 | 0.890 | 0.062 | 0.078 | 0.616 | 0.120 | 1.065 | 0.054 |0.060
Calyx end | 00 oy 625 | .054 | .080 448 | 106 | .990 | .040 | .o62
flesh

Equator 418 | 104 .850 | .056 | .075 423 | 098 | .955 | 044 | .053
flesh

Peel 777|070 330 | .082 | .114 .807 | .068 | .370 | .067 | .1090
Core 717 L 070 430 | .108 | o056 689 | .098 | .650 | .062 | .045
Seed 4,900-| 266 586 | .413 | .496 | 4.830 | .273 | .600 | .367 | .420
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Teble B~9 ., Comparison of mineral elements of 'Chojuro' pear fruit showing various

degrees of physiological disorder(1973),

Degree of % of dry weight Absolute quantity(ug/ fruit )
disorder N p K Ca Mg N P K Ca Mg
Severe 0.444 | 0.111 0.992 0.048 0.067 | 143.5 36.3 325.1 15,5 21.7
Slight 0.402 | 0.105 1.001 0.057 0,061 | 141.5 37.5 355.0 19.5 21.2
Normali) 0.398 0.098 0.832 0,063 0.053 {1 129.6 33.3 299.1 23.5 17.9
Normal” 0.367 0.087 0.921 0.075 0.085 | 126.6 30.0 317.1 26.0 28.6

at5% 0.009 | 0.022 ' 2.64 | 6.68

LSD NS NS NS NS NS NS

ati% 0.012 | 0.030 3.59 9.11

1) Collected from trees bearing disordered fruits.
2) Collected from trees bearing normal fruits only.

N
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Ra @“@b
™~
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Eé 20 b eog
8 s*
e @
5 " ;
B 3 ©
0
5 §
10 ¢ . r == 0.888™**
(o Average values)
8 A fa ]
a ‘ .
Normal?’ Normalb) . Slight Severe
(1) (2) (3) (4)

Degrees of physiological disorder

Fig, 3—83. Correlation between calcium content and degrees of

physiological disorder in 'Chdjuro' pear fruits (1973) .

a) Collected from trees bearing normal fruits only.
b) Collected from trees bearing disordered fruits.

o Significant at the 0.1% level.
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Table 3—1 0,

Comparison of sugar contents of !Chajuro' pear fruits showing various

degrees of physiological disorder (% of fresh weight, 1973) ,

; N . . Sucrose |Sucrose
Degree of | Total | Reducing e Titratable
Glucose [Fructose | Sucrose “,;‘07;1 " |Starch |Brix acigiztly
disorder | sugar | sugar sugar |Fructose (as malic)
Severe 10.69 9.03 3.79 5.24 1,58 0.148 0.302 0.023 {12.7 0,120
Slight 11,51 9.83 3.21 6.63 1.860 0.139% 0.241 0.021 13,0 0.111
Normala) 12.21 10.17 3.51 6.68 1.94 0,159 0.290 0.015 [12.0 0.106
Normalb) 13,23 10.98 3.51 7.43 2.14 0.162 0.288 0.011 |13.2 0.092
ats% 1.42 1.27 0.048 0.007
LSD NS NS NS NS NS
at 1% 1.94 — 0.060 0,009

Fruit analysis was done for the same fruits as those used in Table 3- 9.

a) Collected from trees bearing disordered fruits.

b) Collected from trees bearing normal fruits only.
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Fig, 3—34, Comparison of sugar components of 'ChSjuro’ pear fruits

showing various degrees of physiological disorder (1973) .

a) Collected from trees bearing normal fruits only.

b) Collected from trees bearing disordered fruits.
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Table 31 2,

Results of principal component analysis for 'Chojuro' pear fruits

showing various degrees of physiological disorder (1973) .

Component No. Contributions
Variable on 4
1 2 3 4 components
X1 Total sugar 0.394 0.063 0.024 0.154 93.4
Xy Reducing sugar . 339 .212 249 -.194 90.8
X3 Glucose .096 -, 461 .428 ,092 88.1
X4 Fructose .248 .459 -.029 -.218 95,9
X5 Sucrose .238 -, 304 -.039 .635 92.6
Xe Starch ~,325 .008 . 098 -,191 66.0
X7 Brix .147 .378 .028 . 282 57.5
Titratable _ - -~
X3 acidity .335 .017 .232 . 247 78.4
absolute _ - :
X9 N quantity .196 .039 .682 . 031 87,5
X P 4 -.283 .346 .228 . 239 90.5
X1 K 4 -, 175 .355 . 325 . 273 72,5
X2 Ca ” .349 .139 .025 . 270 82.4
X153 Mg ” .304 ~-.162 . 255 ~-.309 78.1
Eigen value 5.825 2.658 1.393 0.863
Mean
Contribution 0.448 0. 204 0.107 0.066
82.6 %
Cumulative 44.8 % 65.2 % 75.9 % 82.6 %
contribution

Note ! m in X, are the

4. &

B 2 OB BRSO3 4 B ORF I i s\
T, BERMESRI Db oF, VT A, BIOH
g AEEN I o T, UL, BT B IR
Uk & 3T, B RBRE ORFEL ST L REORER
T, BERDT ,E, Vv, BIOH VY AS B
ERID b Bhotce LD XSRS e RL, B0

ot

same symbols in the Table 3 - 11,

MRS oW TS BB Rl h, FOEEE LT
PEACD T DB LT, SRR st % %
NENDEEN I REA I L T i, B -
& DRI EESR L OBEENRD - fofod & B
bg

AEIORBI BT, L ORI O R E L4
LB s v R, Vv, )Y aiiohEE s
WEERICTE D, B8 BB 1 O Ui & S Wl
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Fig, 3--8386, Correlationbetweenvariables and the first and the second
components in 'Chojuro' pear fruits showing various degrees

of physiological disorder (factor loading),

T~sug=Total sugar, R~sug=Reducing sugar, Glu=Glucose,
Fru=Fructose, Suc==S8ucrose. Star=Starch, Acid=Titratable

acidity.
BRI A HEIEE B L ORBEDERNREEFO TOLBERIC BN TE LA WEETH - ot tbie.
BT TL B, BONIERTH ol LiohinT, B Ramfs L

TR LA, B DI S\ ORI A FEBISBURD IR SR DR N 9 ABIEDITH b
ﬁﬁw%mmhon:&m,%%%%im,%y%,U Tre, BEERSEEOBRA S Loy ad i 20mg /B |,
v, B IO Y Y AF B EREINC RS LT ok TTHDHEHHMERB LN, Ciut, T BT
Ch T, EOFR T RO (57 3 358 480) LT NEEDIIE LT B G0 1965 45 [ 193

»

LIER U E AT & £ AR By BEREOWE RIS bRICH S LRI, 1005
NRVYRE T FY AERIEEREORICAR R UARTL oty

EETIBERC L bicdied, H
DB TRy BT

D DI, DECHEEIET, A0 S bR RO R
ERSEBICREE L L COMnsso bniens, HEksiaen bicDI AR,
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E g
g [J Normal <
Sucrose Glucose ¢ Normal fruit
Normal tree

Fig, 336, Scatter diagram of 'Chojuro' pear fruits showing various degrees
of physiological disorder (1973) .

Acid=Titratable acidity, T~ sug=Total sugar,
R~ sug=Reducing sugar.
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Fresh materials

of

Ground three times in cold water,
filtered through the four layers

cheese~cloth

¥
Residue

Filtrate
(Discarded)
Extracted exhaustively
with ethanol-benzene(1:2)
i 1
Residue Extract
<AT1S> (Discarded)
Dried in Vacuo, then extracted
two times with dil-water for 3 hr
at 80 - 85°<¢C
| 1
Extract Residue

(Freeze-dried)

Hot water soluble pectin

Extracted with cold ammonium oxalate-

oxalic acid so
overnight

lution (0.25% of each)

H
Residue

Extracted two times with
ammonium oxalate-oxalic
acid solution at 80-85<C
for 3 hr

T
Residue

Delignified with NaClO,
and acetic acid

1

Extract

Dialysed, then
freeze-dried

Oxalic pectin

1
Extract

( Dialysed, then )
-freeze~dried

Oxalic pectin &%

|

SN |

Residue

Extracted with 24% KOH
solution at room temp.
for 3 hr

Extract

(Freeze-dried)

Oxidized lignin

Residue

Cellulose

(
Extract

Acidified with acetic acid,
precipitated in 99 % ethanol

[
Extrect

(Discarded)

1
Residue

Hemicellulose

Fig. 3=—37, Fractionation of cell walls substances from fruit flesh54)
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5828 /cit, CTOoBHHN9T6F/ah &, T i s
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Table 83—1 3.

disordered fruits of 'Nijisseiki’

(R

RS T RATORE DL - T b, 7 M5O
W Fsi % HRPHIRE & AT MR (B ) 200 Lokt
Table 3141 7R Uio ShEA (7TH 1H) & BB (9
JI8H ) wogst) ARSI, WAL AL, LM
o JOVBSAIAIRGY © DM R ) s\ Clg R
D> Tkh, ThENEREDRED bR, Lol
FWTREPIC 300 B RN (B ) Calot 600
LD 2T Z IR & L OBARRESR & (4o
HC, HUE Lﬁ%éaﬁiﬁ, LR e B A M
CBE) w8 o L BB LT\ B

BB AN LRI TA S AR EBIET % = LS R
TWBh, AR (Fig, 3-40), ¥ L oM
A(Fig.3-41) w3 8 AL T 5 & EASb B
7o TROLTASAREMHLT, 7ivw—2ty
I FVEOHEL, BECETNASER, 7 ey
F R L A RO TERN D RS, TR
= AL T = DR N ORI FYE T d o
(Fig.3-42),

DEE, REORIAIAOE IS Fig. 3- 4315 i,
BEEIRIT A — 2 I CHef U AR, RS X b 4B
RED R ORI & T RERED TEWE Clibh T
WD ERIRL T b,

Comparison of nutrient contents in different sections of normal and

pear (% of dry weight, 1974) .

Pérts in Normal fruit Disordered fruit
fruit N P K Ca Mg N P K Ca Mg
P?‘llggﬁle 0.579 | 0.072 | 1.290 | 0.068 | 0,058 | 0.627 |0.092 | 1.365 |0.058 | 0.058
C?iz}s‘hend 0.568 | 0,068 | 1.275 | 0.062 | 0.059 | 0.608 | 0.096 | 1.380 |0.050 | 0.060
E?‘;gégr 0.488 | 0.059 | 1.125 | 0.060 | 0,068 | 0.527 [0.081 | 1.180 |0.042 |0.070
Peel 0.896 | 0,058 | 0.665 | 0.120 | 0,148 | 0.959 [0.058 | 0.625 |0.100 |0.179
Core 0.717 | 0.072 | 0 890‘ 0.130 | 0.071 | 0.607 |0.096 | 1,049 |0.095 |0.068
Seed 4.899 10.262 | 0,575 | 0.400 | 0.487 | 4.720 {0.267 | 0.590 |0.375 |0.472
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Calyx end

Middle -

: * . .Disordered
x; O fruit
kS Stalk cavity 4 0.6

Fig, 83—38, Comparison of fruit hardness on the fruits sections between the
physiological disorder and normal fruits of 'Nijisseiki' pear(1974)
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Fig, 3—89, Comparison of distribution

of stons cells in the half-sections
of normal (left) and physiological
disorder(right) of 'Nijisseiki’ pear
fruits (1974 ) |

3) ek

FRsE gt L oo 7 H 20 HE 97 15 B 13 B
BERA 4 Brd Table 3~ 157K Ui, Sl s JOBHE
S TEER Y 0 LD, BRI D,
T bz RN (ALS ) BRB i Te{ Tes T
Wb

Fto, PRSP LOAISHOERSL, BER
Bk~ 5 v, BILY 7= vE IR L ) b 4
2710

N OBRRDDEHEGY HER (B) TEbUED
MFig.3-44 TH %, TH20HH9 H 15 HofH T,
SECEROBAL, Bok<2 5 v, By 7 = v oy,
AL BB LIS, ¥ a IR 7 F LR
RS T Lot U, 4 Trae e iin L s,

Fio, BANITH 20H A m — AE LB ERT
Wt b DD, B 9 7 15 FICI RS L Bk b s
DB E BRI T ~ 3 2 m — AVTESEN

e e Y ATy S RO LR Lo

Fig, 8340, Comparison of starch distribution around the stone cell in normal

(left) and physiological disorder(right) of 'Nijisseiki' pear fruits

(X100;1974) ,
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Fig, 3—41, Comparison of starch distribution in the cells of normal(left)
and physiological disorder(right) of 'Nijisseiki' pear fruits
(X400;1874) ,

Table 3—14, Changes of stone cell in developmental stage of 'Nijisseiki'

pear
fruits (1974) ,
Young fruit period (July 1 ) Maturation period ( Sept.18)
Half No. of No.of Half No. of No.of
Yield Cross- stone stone Yield | cross- stone stone
Division sectional| cell cetl sectional] cell cell
area in half |in en® area in half lin o
CTOSS~ CToSS
sectional sectional
area area
g, ot g on®
Disordered 16.3 3.06 843,5 275.7 | 295.1 29.2 | 1042,8 35.7
fruit
Normal 18.6 4,36 788.7 180.9 | 318.2 32.1 1019.0 31,7
fruit
Signifi- .
* * £ * K ¥k
cance * NS NS
W Aok

, P Significantly different at the 5% and 1% level, respectively.
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s e S, B
JkWAX@%J%TA&JMi0t<Té?,Lh¢
TORESCEA L 6 Z“SHEWU U:kqfwi
TE, B ORI L L

Fig, 8--42, Separation of amylose C L BDL, SRR Mo ¢ & AR 58 1

(above-blue band) and amylopectin DI 7 H B (RS LD DO Ch o7 S OHF

(below-brown band) from starch in T SRETT b, ok LB L mFhs
normal(right) and physioclogical RE, 7, AEIEAD 3 U< e A CH b b &
disorder(left) of 'Nijisseiki' pear 5 LA & CliE o Ch Hns, Fig. 8 - 39
fruits by paper chromatography CHRBRD L HIC, AT L COHIBOFE L b bk
(1974 ﬁﬁ%,kﬁiwy%*#i%oikb [ 2 S E Ry Y

EMBHROFER D X Do T do

Fig, 3—43, Comparison of thickness of epidermal cells in normal(left) and
physiological disorder(right) of 'Nijisseiki' pear fruits(Xe600;
1974)
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Compositional rates of each substances obtained from cell wall

preparations in the physiological disorder and normal fruits of
‘Nijisseiki' pear (1974) .
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Fig. 3—46, The changes of cell wall substances in 'Chojurc' pear fruits

(factor loading on 1st and 2nd components),

® Respective substances in AIS.
© Respective substances in fresh flesh.

AlS=Alcohol insoluble subsances.
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Fig., 83—47, Scatter diagram of 'Chojuro' pear fruits showing various degrees
of physiological disorder (1973),

A-Tp=Total pectin in A1S,

A-Sp=Soluble pectin in AIS, A-Hol=

Holo-cellulose in AIS, A-Cel=Cellulose in AIS, A-Hem=Hemi~-
cellulose in AIS, F-Tp=Total pectin in flesh, F-Sp=Soluble
pectin in flesh, F-Ip=Insoluble pectin in flesh, F-Hol=Holo-
cellulose in flesh, F-Cel=Cellulose in flesh.
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Fig, 4—1, Seasonal changes in the respiration rates of the physiological

disorder and normal fruits of 'Nijisseiki' pear (1973) .
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Fig., 42, Seasonal changes in the respiration rates of the phy iological
disorder and normal fruits of 'ChSjuro' pear (1972)
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fig, 4—3, Comparison of carbon dioxide’
production between the physiological
disorder and normal fruits of 'Niji-

pear (Sept 186, 1973),

a) Collected from trees bearing normal

sseiki’

fruit only.
b) Collected from trees bearing disordered

fruits.
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Fig, 4—4, Seasonal changes in the respiration rates of leaves sampled from

trees bearing the physiological disorder and normal fruits of 'Niji-

sseiki' pear (1973),
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Fig, 486, Seasonal changes in the respiration rates of leaves sampled from

trees bearing the physiological disorder and normal fruits of ' Cho-

juro' pear (1972) ,
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Fig, 4—6, Seasonal changes in the tran-

Water saturation deficit (%)

spiration rates of leaves sampled
from trees bearing the physiological
disorder and normal fruits of 'Niji-
sseiki' pear (1973) .
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Fig, 4—7, Seasonal changes in the

water saturation deficit of leaves
sampled from trees bearing the

physiological disorder and normal

fruits of 'Nijisseiki' pear(1973).
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Fig.4—8, Correlation coei‘ficient )
between water saturation defi- )
cit and transpiration rates of \
leaves sampled from trees bea-—
ring the physiological disorder
and normal fruits of 'Nijisse-
iki' pear (1973),

o Leaves collected from trees bearing

normal fruit only.

® Leaves collected from trees bearing

disordered fruits.
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Table 4-—1, Comparision of numbers of fruit decay during the storage of

‘N ijisseiki' pear fruits showing various stages of the

physiological disorder (1973) ’

After 30 days in storage After 45 days in storage

at room temperature at 57 temperature

Stage of

No. of No. of % of No. of No. of % of
disorder stored decayed decayed stored decayed decayed

fruits fruits fruits fruits fruits fruits
Severe 150 97 64 .7 120 68 56.7
Slight 150 71 47.3 120 41 34.2
Normal®) 150 19 12.7 120 12 10.0
Normalb) 150 5 3.3 120 0 0

a) Collected from trees bearing disordered fruits.

b)

Fig, 4—9,

Development of fruit decay at

the calyx end of fruit of 'Nijisseiki'
pear (1973 ),

Avove
Below
Right
Left

. at harvest time.
»after 45 days in storage at 5%¢C
. disordered fruit.

normal fruit,

Collected from trees bearing norma! fruits only.
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Table 4~ 1 iR Uice S5 30 F O 4 Mo fite
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Table 4—2,
stored for 4 & days of 'Nijisseiki'

Comparison of sugar contents between fruits at harvest time and fruits after

pear showing various degrees of physiological

disorder in 1973(% of fresh weight),

. Harvest time After 45 day in storage
Stage of |~ . Sucrose] Sucrose Sucrose | Sucrose
Total | Reducing| ~ e Total |Reducingl | | = |— e
disorder Glucose |Fructose |Sucrose | Total | Fructose Glucose |Fructose |Sucrose | Total | Fructose
sugar | sugar sugar sugar sugar sugar
Severe 10.30 7,92 3.38 4.14 2.64 0.26 0.64 $.38 6.03 3,74 2.29 3.18 0.33 1,39
Slight 11.01 8.12 3.22 4.90 2,78 0.25 0.56 10.18 6.73 3.80 2.93 3.28 0.32 1.12
NOrmala) 11.65 8.78 3.13 5.65 2.73 0.23 .48 10.70 7.10 3.82 3.28 3.42 0.32 1.04
NOrma]h) 12.67 $.06 2.76 6.30 3.43 0.27 0.54 11,71 7.54 3.84 3.70 3.96 0.34 1.07
a) Collected frem trees bearing disordered fruits.
b) Collected from trees bearing dormal fruits only.
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Table 4—6,

Results of principal component analysis for 'Nijisseiki' pear fruits

showing various degrees of physiological disorder (1 o74) ,

Component No . Contributions
Variable on 4
1 2 3 4 components
X, N Hbsolute ~0,150 -0.302 0.154 0.624 88.4 %
1 quantity . - . : :
Xs P ” -.251 .029 ~.381 . 367 79.1
X3 K ” -.120 447 -, 156 . 387 86.6
X4 Ca # . 364 .107 -, 247 . 183 91.3
X5 Mg 4 -, 100 . 156 510 . 435 86.6
Xe Total sugar . 396 ~-.008 -.195 .135 94.8
X7 Reducing sugar . 262 -, 251 -.425 . 157 94.1
Xs Glucose -.249 -.290 -.324 015 78.3
Xo Fructose . 406 .054 -.035 .094 91.2
X106 Sucrose . 288 .312 .235 ~.,026 83.5
X1 R Q -.370 -.120 -.043 -.196 83.0
X1 O« -, 131 . 508 -.230 -.114 94 .4
X3 COq -.260 .389 ~.225 .001 89.2
Eigen Value 5.408 2.821 2.004 1,174
Mean
Contribution 0.416 0.217 0.154 0.090"
87.7 %
Cumulative 41.6 % 63.3 % 78.7 % 87.7%
contribution .

Note ' m

RQOMTENRTN 0.1 Bk L1 B v~ TOREEH
BT ey, RHBECiIa vy s — 30, R
—~RQOEDEFE LD, Ay s—RQ EDHTIL
BEED L feotee ST ALY 7 AE B REEER
ERL, £LC, B RQEBHEL V3100,
Ly D RQNTEFEBS LT v
ERER LT\ D,

4. & £

AR RS DR SRS B St RS &
BOEC DT, H3E A TR Lichs, AR

in Xmare the same symbolis in the Table 4-5.

BRDMETLF v F, VY, W) DA, IO
W NG BETH BT b et ¥, ATy
LG BN B O SERAYEN S LI BI LI > UETF
LTI, 5308 4 Hi & R R AR Lo

BEG RN, AERTIIARHS L OREEE BO L0 FE
BIZPHL <D LIt TETL, HREELHEDD
Rico LinL, B, 7 KO, 3550 B
ZERARE L L A DD b b DD, HEENR
BEHIA T TIIE LT O 3EH AR
(Table 3-4) iz, FICHS LO7 ¥y BRCAEED:
RDHRTI D, KR S Bl o TR LI
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UL AERBR DRI AT 158 (19824F)

Zy

- 1.0

Fig, 4--10, Correlation between variables and the first and the second compo-
nents in 'Nijisseiki' pear fruits showing various degrees of physio-

logical disorder ( factor loading, 1974).

T-sug=Total sugar, R-sug=Reducing sugar, Fru=Fructose,
Glu=Glucose, Suc=Sucrose.

Table 4—7, Comparison of single and partial correlation coefficients between

calcium, fructose contents and R Q of 'Nijisseiki' pear fruits (1974),

ITtem Ca—"Fructose Fructose— R Q Ca — RQ
. EE 33 ok sk L
Single r = 0.831 -0.803 ~0.702
. * *
Partial r = 0.630 -0.554 ~0.105

*, *%, oekx 1 Significant at the 5%, 1% and 0.1% level, respectively.
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CO2 | Sucrose
142
]
® A 1,
0]
C
ROy -1 1 2 Ca
$ ¥ 7 Zl
® ® A O T~ sug
0
L o Fructose
A
T -1
@ Severe \l,;;
A : &
.} ] A Slight 0]
£
z [T Normal 2
N Glucose 0 Normal fruit
Normal tree

Fig. 4—11. Scatter diagram of 'Nijisseiki' pear fruits showing various

degrees of physiological disorder (1974 ) .

T-~sug=Total sugar.

ZHUL, TR TIREEOBSE Lo tohodle, 7 F
VRO LB AT L, FOBEEITEL LT
HREEDGD LRI EDTH Do ALHRD L 5 i, B
B 2@ (8F 22H, 9HSERSIICYH YT Iy
LCwced, JEoBinseed s, 7 F offits &
ONEICHEN DR D Tedn o fofeddic 2 5 Ute e b 7n
S THELRESD LD,

LRI LA, SO Table 3-4 & ASER O R4
TEAEDRD b R, BE D KPR
DB HERRO ST OFWERO—D L 2 T L o
& B b,

RROFBETDTX, Oy WINED COq i B
b [ ROFERABR I CRAETREN RS b ih > 103,

SRS (RQ) TR BB SR Dz, Jilic
MO Lok 91, BEERTO0, BB HLCO, J
LD HET o1 Lo TN O T I B4
CO, HIEEHET LCETHHBTHL D, Ll
DD, BEEROFRENE LB Lichi->T RQ
DI DELSEE Ol &0, BEONH s &
sz i DRI~ OB O % 2 &
%, BURIBEEOES 5% | CO4 i o3k L
TS 78 KO EHIMBE Shicied L £ 2 B b,
ZhET, BERORERE ST 2 M85, R
Bks L ONEIR S OB Ic o\ TR ARt LT 2 7o,
BRI OBRMC VT Table 4 -5 OFHBHTFICR
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2. MBBIUHE

HRUN I SECHR LB A0 b0 Th 5, it
BOWORSOY v 7Y v 213 80 B L ¢ o R
ROPDH BT 28 458 (1974) 2268 1am B
TOMMRA 12 525 8 A% T 7 Mot o TR U s,
Todks, WK & U ERRSAE OBD b ch - T fiig

B3 AT, R R U,
BB OED e e b 3 TR THE Lic
B, KR TFRCCsEaciRE L, 90 DT 1k
AN, 80 C o BRI C—BRIE L, 1
B Uiy o v — IR e, T IEURRE L,
SRR O WL | ZEH 1 IO BE R L OO &
B UHECH s>

il

MR ks X OVE PR B Fealll, Feodeti
BAPGATCHER Lo Bii B89 10 om i e Ui (1

L LTI ENA IR A 2 U] ) OB 4 48T
AR & R BRI U s $RER & IR 7R
AR, EBICTPR S DO IER T o1,

RORPGE T, 21 3m T TOWHE AKX 1 9 )
WV, TRE02mDEI I s e b~ ATATA AL,
7w AL ACH A LD PR Tl U Y —
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BILEERREMCHITDERDOEFND LB
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EED

R

1t

TTCEILIIFEAL, BOLHRND Son g TOHS
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(pH 7.0) BEERA LT I0n AN, 37T 0 E RS

IR L, 20, 2NBEC X - TSR ko,

o & D UG 2 SV fo, £ DA FL

SR TR = 5 ERED E A AN TEREL, 7 4 A<

#3/ %C‘j);ml Ly ﬁr’g% //JL)II/:% 1[1"‘0) 485 nm TR L
4.5

7o

a-NABbI, ww) @7}%4_; DATIs, O
S SemE TOWSS 2 9% 100md BEH75 A28
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YHEEE 510nm THITE L,
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Fig, 5—1 . Rootlet abstruct of normal{le~
£1) and abnormal trees(right) of 'Niji-

sseiki' pear (1974 ),
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Fig. B—2, Seasonal changes of total
nitrogen and potassium contents
in roots of 'Nijisseiki'
(1974) .

pear tree
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Fig, 8—3, Seasonal changes of phosphor-

us , calcium and magnesium contents

in roots of 'Nijisseiki' pear tree
(1974),
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Fig, 85—4. Seasonal changes in the respiration rates of roots sampled from trees

bearing the physiological disorder and normal fruits of 'Nijisseiki'
pear(1974) |

tree
600 L 4 300.
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Fig, 5—8, Seasonal changes in the root activities of the trees bearing
physiological disorder and normal fruits of 'Nijisseiki' pear(1974)
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Table 6—

disorder of Japanese pear fruits (1975) .

1. Classification of cultivars into three degrees of the physiological

Occurring cultivar

Non - occurring

Division cultivar
Severe Slight
5 Wase-Nijisseiki, Hayatama, Asahi, Shinsui, Tama,
arly
) I shii-wase, Hakko Kimizuka~wase, Kosui.
cultivar ——
Yakumo, Suisei Kumoi, Doitu,
Kubonashi . Hakata ~ ao, Choju,
Shinchu.
Nijisseiki, Gion, Kikusui, Sagami, Inagi
Medium Seigyoku, Chojuro, Hosui, Hokkai,
cultivar Taihaku, Senryo, Izuno ~ homare,
Suisyu Ninomiya - hakuri.
I Seiryu, Shinko, Yoshino, Wase-aka, Niitaka.
Late —
Atago. Oku - sankichi,
cultivar

Shinsetu.

Under -~ lined cultivars denote the green rind pear in ripening.
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Table &2,

"

Changes of nutrient contents in the fruits of respective cultivars

grafted on the physiological disordered trees of 'Wase-Nijisseiki'

pear (1976) .,

% of dry weight Absolute quantity(mg/ fruit ) Fruit

Division weight

N P K Ca Mg N p K Ca Mg (99

Wase- 0.35510.112 [ 1.01310.041 | 0.057 |.57.5 | 18.1 | 164.1 6.6 | 9.2 220

Ni jisseiki
Ishij~ 0.328 10,101 10,971 0,038 | 0,063 | 98.9 | 30.5 |292.8 | 11.6 | 19.0 | 335
wase
Tama 0.315 (0,108 | 1.054 {0.061 | 0.053 | 70.9 |24.3 [237.2 | 13.7 | 13.1 | 260
Shinsui 0.31310.094 | 0.911 10.056 | 0.050 | 68.5 | 20.6 |199.3 | 12.3 | 10.9 | 221
Kosui 0.459 10.106 | 0.8820.069 | 0.058 [107.4 | 24.8 |206.4 {16.2 | 10.5 | 280

o0 .

&1 Kikusut 0.328 10.096  0.75810.056 | 0.045 | 63.5 | 18.6 |146.7 | 10.8 | B.7 | 265

| DIEEUL

= .

g Kumoi 0.30110.112 10.86810.035 | 0.045 | 85.3 [ 31.8 [246.1 | 9.9 | 13.3 | 345
Niji~ 0.408 10.120 | 0.623 0,051 | 0,054 |104.3 | 30,7 |159.2 | 11.0 | 13.8 | 284
sseiki
Hosui 0.235 10.094 | 0.606 [0,052 | 0.040 | 81.2 |32.5 [209.4 |19.0 | 13.8 | 364
Cho juro 0.328 10.094 | 0.799 [0.058 {0.042 | 80.6 |23.1 [196.3 | 14.3 | 10.3 | 323
Niitaka 0.381]0.102 | 0.675 [0.054 |0.049 [183.5 149.1 [325.0 [26.0 | 23.6 | 545

Mean 0.374 [0.103 {0.815 [0.053 | 0.050 | 94.4 [28.6 [221.8 | 14.5 |13.6 | 322

e -

Ishii-wase | 0.311 [0.094 | 0.913 |0.048 | 0.058 | 87.6 ' 26.5 |257.2 | 18.5 |16.3 | 323
Tama 0.326 |0.084 [0.822(0.063 |0.051 | 76.6 |19.3 |193.1 |14.8 | 12.0 | 261
Shinsui 0.271 10.082 {0,801 10.068 |0.052 | 54.9 |16.6 |162.2 |13.8 |10.5 | 225
Kosui 0.299 {0.096 | 0.880 {0,068 | 0.052 | 73.5 |23.6 |216.2 |16.7 | 12.8 | 273

© . .

= Kikusui 0.305 {0.091 |0.713 10,065 |0.051 | 74.1.122.1 173.3 [ 15.8 | 12.4 | 270

o e

o

© | Kumoi 0.301 10.088 | 0.709 [0.049 10,030 | 94.8 [27.7 1223.3 |15.4 9.5 | 350
Niji- 0.374 10.073 11.025 10.058 {0.052 | 96.9 |18.9 [265.7 |15.0 [13.5 | 288
_sseiki
Hosui 0.188 10,092 |0.897 10,054 [0.039 | 59.0 [28.9 |281.5 |17.0 [12.2 | 357
Chojuro 0.275 10.104 {0,975 |0.060 [0.045 | 72.9 [30.0 [280.9 [17.3 }13.0 | 321

| Niitaka 0.221 [0.094 |0.778 [0.062 |0.043 |{120.3 |51.2 [423.6 |33.8 [23.4 | 550

Mean 0.287 [0.090 |0.851 [0.060 [0.047 | 81.7 [24.8 1247.7 |17.3 |13.6 | 322

at 5% 0.011 17.1 45.4 | 2.1
Ls5D NS NS | NS NS NS NS | NS
at 1% 0.017 24.6 65.2 2.9

Underlined cultivars

denote the

occurring cultivars of physiological disorder.
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Table ©—3. Changes of sugar contents in the fruits of respective cultivars grafted
on the physiological disordered trees of 'Wase-Nijisseiki' pear (% of
fresh weight,1976)

Reduc~ Sucro-{ Sucro- Titra-
Total | ing Glu- Fru- Su- se se table
Division sugar | sugar corse| ctose| crose|—"| _——|Starch|Brix | acidity
Total |Fru- (as
sugar | ctose malic)
Wase- | 12.10| 10.10 | 5.04 5.06 1.90 | 0.16 0.38 | 0.027 | 11.2 | 0.181
Nijisseiki

Ishii- 10.16 | 7.92 | 3.36 4.56 2.13 | 0.21 0.47 10.028 | 12.6 | 0.208

wase

Tama 13.14| 9.03 | 2,07 6.96 3.90 | 0.30 0.56 | 0.016 | 13.0 | 0.114

Shinsui | 11.12] 7.77 | 3.81 3.96 3.35 | 0.30 0.85 | 0.028 | 12.3 | 0.172

o| Kosui 13.02] 9.72 | 3.44 6.28 3.14 | 0.24 0.50 | 0.013 | 13.0 | 0.134
S| Kikusui | 12.45) 9.22 | 5.10 4.12 2.97 | 0,24 0.72 | 0.017 | 12.6 | 0.201
@ D

&

Kumoi 11.47| 8.36 | 4.20 | 4.16 2.96 1 0.26 | 0.71 | 0.017 | 12.0 | 0.121

Niji- 11,78 8.04 | 4.35 3.69 3.55 | 0.30 0.96 | 0.011 | 11.6 | 0.261

sseiki

Hosui 12,15 9.79 | 4.90 4.89 2.24 | 0.18 0.45 | 0.009 | 12.6 | 0.154

Chojuro | 12.54 | 8.21 | 4.85 | 3.36 | 4.11 | 0.33 | 1.22 | 0.084 13.0 | 0.201

Niitaka | 12.93| 11.95 | 5.30 6.65 0.93 | 0.07 0.14 |0.034 [ 12.8 | 0.171

Mean 12.08] 9.10 | 4.14 4.86 2.93 | 0.24 0.60 | 0.021 |12.6 | 0.174

s ..

Ishii- 10.63 | 7.86 | 3.51 4,34 2.63 | 0.25 0.60 | 0.019 |[11.8 | 0.163

wase

Tama 13.64 | 9.50 | 3,21 6.38 3.98 {0.29 0.62 | 0,008 |13.2 | 0.121

Shinsui | 12.75 | 8.10 | 3.58 4.52 4.42 | 0.35 0.98 | 0.009 |13.2 | 0,154

Kosui 11.31 | 9.14 | 4,20 4.94 2.54 | 0.22 0.51 ] 0.004 |12.6 | 0.127

oL, )

5 Kikusui | 12,61 | 9.56 | 3,93 5.63 2.90 | 0.23 0.52 10,012 [13.1 | 0.129
o

o

© 1 Kumoi 12.54 | 9.80 | 3.78 6.02 2.60 | 0.21 0.43 |0.016 |11.2 | o0.107

Niji-. 12.24 | 9.05 | 4,30 4.75 3,03 | 0.25 0.64 ]0.016 |11.2 | 0.210

sseiki

Hosui 12.85 | 10.51 | 5.10 5.41 2.22 | 0.17 0.41 ]0.012 |12.4 | 0.191

Chajuro | 13.06 | 9.89 | 3.90 5.99 3.01 | 0.23 0.50 |0.022 |13.8 | 0.188

Niitaka | 12.66 | 10.53 | 4.31 6.22 2.02 | 0.16 0.32 0,029 |12.6 | 0.135

Mean 12.43 | 9.39 | 3.97 5.42 2.93 | 0.24 0.54 ]0.015 |12.5 | 0.153
ats% 1 0.53 | 0.70 | 0.56 0.93 0.005

LSD NS | NS NS NS NS
at1% | o¢.76 1.00 | 0.80 1.33 0,007

Underltined cultivars denotes the occurring cultivars of physiological disorder.
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Table ©—4, Changes of leaf analysis of respective cultivars grafted on the physiolo-
gical disordered trees of 'Wase - Nijisseiki' pear (% of dry weight, 1976),

Division N p K Ca Mg
Wase -Nijisseiki - 2.56 0.17 1.05 1.18 0.50
Ishii-wase 2.54 0.20 1.12 0.96 0.33
Tama 2.17 0.20 1.27 1.27 0.38
Shinsui 2.17 0.19 1.26 1.30 0.45
Kosui | 1.96 0.20 1.42 1.07 0.48
¥ | Kikusui 2.23 0.20 1.31 1.08 0.40
SR
o .
© | Kumo i 2.22 0.20 1.06 1.02 0.38
5| e
Nijisseiki 2.24 0.22 1.49 1.00 0.43
Hosui 2.42 0.20 1.30 1.20 0.41
Chojuro 2.56 0.20 1.23 1.15 0.38
Niitaka 1.99 0.21 1.23 1.27 0.35
Mean 2.25 0.20 1.27 1.13 0.40
( Ishii-wase 2.01 0.20 1.33 2.00 0.46
Tama 2.17 0.17 1.31 1.26 0.40
Shinsui 2.10 C0.17 1.39 1.54 0.46
Kosui 2.22 0.16 1.33 1.33 0.48
— | Kikusui_ 2.15 0.19 1.31 1.53 0.43
&
= .
£ | Kumoi 1.96 0.14 1.30 1.96 0.40
S mo?t
Nijisseiki 2.05 0.20 1.32 1.36 0.40
Hosui 2.06 0.17 1.35 1.80 0.43
Chd juro 2.09 0.20 1.31 1.40 0.43
Niitaka 2.06 0.17 1.13 1.67 0.47
.
Mean 2.09 0.18 1.31 1,59 0.44
at 5% 0.07 0.10 0.24 0.08
LSD NS
at 1% — 0.14 0.34 0.12

Underlined cultivars denote the occurring cultivars of the physiological disorder.
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Starch

Glucose

Wase-Ni jisseiki

Zsy

Acid
L-P

I shii~wase

Sucrose

*Niitaka ®
® Hosui

# *Shinsui g

*Kosui

*Tama O\L.b

- 2

L-K
L-Ca

Fig, 6—3,

\trees of 'Wase-Nijisseiki’

.

Chéjuro

Kumoi

@® Top-grafting
T-sug O Control -

Fructose

Alterations of each cultivars grafted physiological disordered

'pear(1976) ..

Ascer.sk(*) denotes non= occurring cultivars of physhological ‘disorder.

R-sug=Reducing sugar, T-sug=Total sugar, L-K=Leaf K, L~P=Leaf

P, L-Ca=Leaf Ca,
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Lo

FIK ORI PR, TR & LT 1975 FAC18
SEAERAE AR S LT Ty, AR E L C19764F
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W, REE A Ay A CaCOs 1 %A HER Ui, AL
BA3ts 116 4 BILER £ T3, 11X h /s~
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LEBABEEBERREIC

60 BA I UTe, AUEESIIIINRE 30 HEE(5 A 20R)
45 AR (6 A5H), 60 B (6 H20R), 75 B#(7H5
H) O 4EER Ui, BROBERIIFT 9 A 16 Hicfi7e
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RALDFERGRIT T, BEOIHT, X UHEHINIEE 1
B L ETCERM Ui e,
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1) RIROFE@BAEHC L DHE
AR AP O R 2RI W RIS B D
W, ZDFER A Table 7~ 1R Lo, CaClyKis I O
CaCOj RKITMEBEICH UCRERIMET LT h,
HEEPRDO NI, iz, CaCly itz & A LB
DPed LI -1 CaNOy)y K DM THHE HEEH
rEal ey ah e
BRI C1E CaCly KL 0°CaCO; KD 3 ~ 4[H]
BABIX TR DL D ET Lo MmBhROIEA L
Retioh -7 CalNOs)2 K X O Ca(OH) XT3 4
[EIEARRE OB 3 ) =T 5 RS BT
SEEfEL LC, 1R 36, 2B S 48, 1@E 4F5D
WERRIC TR E WEHEL RO LR, SR ERY K
13 SRR DME T A AR Lo
TR OIEmRAT, RENEERSC RIETTHEL L
T, LEEARRD D A BB OfER Y Table7-2 /1
7 L1
F o BB ISR % TR R R O AR 248
DERE LHPRed e > LBETH- T L L, 1
RIS, BEEREE L b bl cdin L,
FHEAELED bR,
D TR 9 TR CaCOy, CaClyfl
PR, Has B CidE ki de SO E RS 48t CaCly,
CaCOy KN ENTNE T h, 5% LA DHR
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Table 7-—1,

Effects of calcium foliar spray on the occurrence of the

physiological disorder of 'Nijisseiki' pear fruits (1974) .

Times of spray

Treatment Mean Significance
1 2 3 4

0.5% Ca(NO3)» 92.1% 89.7% | 93.3% $9.5 % 91.4 %
05% Ca(OH), 92.2 89.9 90.0 88.9 90.3
0.5% CaCly 91.3 90.1 88.0 82.3 87.9
0.5% CaCOs 93.0 90.6 85.7 84.3 88.4
Control — — — — 92.5 -

Mean 92.4 90.1 89.3 86.3 90.1

(89.5)

Significance

*k

*, ** [ Significant at the 5% and 1% level, respectively.

Table 7 —2,

'Nijisseiki' pear fruits (1974) .,

Effects of calcium foliar spray on the contents of mineral elements of

% of dry weight Absolute quantity (mg/ fruit)
Treatment
N p K Ca Mg N P K Ca Mg
2105% CalNOs ), 0.381 | 0.05610.995 |0.052 10.060!76.9 | 11.3 |201.0 |10.5 | 12.1
Bt
*105% Ca(OH ), 0.386 | 0.0610.993 10,046 [ 0.056 | 72.2 | 11.6 |189.7 ] 8.8 | 10.7
‘é’ 0:5% CaClgy 0.386 | 0.06311.011 10.053 |0.059 |78.4 | 12,8 |1205.2110.8 | 12.0
ot
g1 1.0% CaCQs 0.382 1 0.060]0.963 {0.056 | 0.056 | 74.9 | 12.0 | 188.9 1 11.0 | 11.0
el
<t | Control 0.381 1 0.067 10.991 [0.048 [ 0,046 [ 65.4 | 11.4 [196.6] 9.2 9.9
© (0.5% Ca(NO; )p | 0.396 | 0.061|1.018 |0.061 |0.048 |81.3 | 12.3 |206.7 [12.4 | 9.7
@
2105% Ca(OH), 0,398 | 0.062]0.998 {0.058 [ 0.049 [79.4 |12.6 |203.6 {11.8 | 10.0
Té 0.5% CaCl, 0.382 | 0.067 |1.006 {0,067 {0.052 (76,8 | 13.5 [202.2]13.5|10.4
<Z‘§ 1.0% CaCOs 0.389 | 0.068|1.018 |0,065 |{0.053 {79.7 |13.9 [208.7 {13.3]10.9
LControl 0.400 {0.066|1.112 [0.058 |0.058 |75.5 | 13.4 [226,5 |12.0]12.0
at 5% 0.012 0.007 14.9 2.0 43.8 ] 1.5
LSD NS NS NS NS
at 1% — 0.020 — — — 4.1
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B Hivize

AR AE AT %, WS by
Hofiie X 28 il b hiah o1,

AUy A R R O & KA & D 4
2RMIe e TR D, IhTh, CaCOy KOEF 2
G ol o, 5% VS OEEHENTRD LR,

By N L, W% R L O 4Ca
(NO3)s , CaCly, CaCOy MLFEN EE - Tk b,
BB ORKIFE RREB O L X % -1,

O, BEEEIC T LIt Table 7~
3R L.

FOCHRHEE RSB RS & b1, Ca(NOy),
B, CaCly X, CaCOy KA LI 7 Py e
RO CaCOz Bt kv, Eefio Ca(OH),
R LOCaCOs KB WTETFL Tk b, S
FRAEMD Ca(NO; )e K, CaCly K, 44 ® Ca
(NO3)p K, CaCOj R @R\ T ERFINL 72,
v g PR & 4 Ca(OH)y X, CaCly X, CaCOj

Rt L, Ca(NOg)p BRI\ TR0 L,

Liehso T, LB & UK OTERBC & b gk =
b ORI LIS DR B B TR D Teh»

270

C A AT

LAt CaC 1%,

CaCOs X,

4 CaCOg RIS WTIE T L, Ca(NO3)p Kicis

T & b kIR DIEE D
PV FRK E
WL, Y EEMET Lo ) v A

v %

6T, B >

AT X b IR REEA o

BDAFCTET L, B2 Th CaNOs ) RAVEF
L7z
ANy BERIBEER MO L BARKIE L
L, EARTL CalNOg), K& CaCly KT
L7
o JF T A GETEH R EB O S MIBR A R

TL, BEBI IR L isigRBETH -7,
A L DB L ED X5 T
FeAb & RS (A),

PRy oy, [ﬁ%’é}ff{:

AR OFENIEES) (B), AR ffBIgEEE) (C),

I Lo

AZZENE, s bl

& UCHHBE ORROR R Ut (B ) % Table7-5

RIS LR 2B U

Table 7—3, Effects of calcium foliar spray on the sugar contents of 'Nijisseiki'

pear fruits (% of fresh weight,1974),

. Total | Reducing Glucose | Fructose| Sucrose Sucrose | Sucrose
Treatment _sugar | sugar i ~— | —— |Starch
Total Fructose
sugar
2(0.5% Ca(NO3)e 10.71 8.70 4.18 4.52 1.90 0.18 0.42 0.041
S10.5% Ca(OH), 10,62 | 7.95 3.96 3,99 2.52 0.24 0.63 | 0.041
é 0.5% CaCl, 11.00 8.58 3.93 4,65 2.30 0.21 0.49 0.028
‘é 1.0% CaCOs; 11.22 7.99 3.66 4.33 3.52 0.30 0.81 0.024
£
< { Control 9.91 8.06 3.95 4.11 1.75 0.18 0.43 0.039
o |085% Ca(NO3). 11,35 8.99 3.71 5.28 2.24 0.20 0.42 0.021
iﬁ 0.5% Ca(OH), 11.63 8.33 3.52 4,81 3,13 0.27 0.65 0,024
5 [05% CaCly 11.88 8.13 3.70 4.43 3.56 0.30 0.80 0.020
g 1.0% CaCOsq 11.89 8.50 3.58 4,92 3.20 0,27 0.65 0.021
# | Control 9.80 | 8.38 3.78 4.60 1.39 0.14 0.30 | 0.022
at 5% 1.62 0.59 0.024
LSD NS NS NS NS NS
at 1% — — e
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Table 7—4,

Effects of calcium foliar spray on the contents of mineral elements

of 'Nijisseiki' pear leaves (% of dry weight, 1974) .

VA, AAVY A, BRICH,
TRSA, BEhy &,

TR R

> o B,
<Ry

DI EEERRBEROE T AEASED B,

Treatment N p K Ca Mg
8 (05% Ca(NO3)2 2.14 0.12 1.13 0.98 0.28
St
= 10.5% Ca(OH), 2.07 0.11 1.23 0.97 0.32
g 0.5% CaCl, 2.09 0.11 1.30 0.90 0,33
§ 0.1% CaCOs 1.97 0.12 1.31 1.03 0.31
£
< { Control 1.80 0.13 1.47 0.75 0.37
o [05% Ca(NOs)e 1.94 0.11 1.25 1.62 0.53
L
= 105% Ca(OH), 1.83 0.11 1,33 1.44 0.48
"é 0.5% CaClsg 1.72 0.12 1.42 1.69 0.57
5 110% CaCOs 1.84 0.10 1.31 1.56 0.45
& Control 1.99 0.12 1.34 1.55 0.52
at 5 % 0.13 ,004 0.20 0.07 0.04
LSD
at 1% 0.18 .006 0.28 0,09 0.06
HEEVRDOR IO, Bl, REROF 5%, )Y AR CaCOy HB AL Uicksgy, MFREH

Y, A A,
LATHY, ThE TR CH D LcisR & imiE
B THoTe

FIK OFEER] & U <o BEFM T, FE2Efpory v
A, HAVY AL ELTCHE, 7N VB, BB TASA
¥ g PR JOHPOERG THEL LTV 5 2 080
Nl

¥ 7o, BIROBAGERE LTo CERM™, Ed
DAY s, FBTOHE, B, hosoHK, Vv, b
Ay ATHD, BEBHIML WISy ZT HRERS
e otce
2) AKOREEBRICLDPE

FROEMEMOMER, FEWD L, HBIOHERED
bt RN v 7 A CaCOy BV T RERELTT
7o\, BREE RS RIE T HEBICOLT 19755 T
R & LR R S T o ok SR A Table 76
T Lo

CaCOs 1% 4 1[E)D 3EFR UickER, 4
b FeBi Liehio CTRERFBEFIMET Ui

KRG, 1976 AR A L [ElYs B 4 [ERLEL L
TofEEA Table T- TR LT

BT 2P MR L AR Ch - e Lo L,
4 [EULFRIX DFEE 3T 62.2 % CTh D, 3 ERLERR DR
BRI WMEFLicdon, 40 & 30 L ofbo
72T 2 [EAURK & 3HIMEK & DREIE SR E {1LTed o
oo

TR FRE B REEPVEBEEC BuE 3 s8I oL
T Table 7-81iR Lz CaCOs DAUIREIRH %L ek
LERIETFHE, Vv, YU AR %, KR
BESETTLEANR LRI, By AGEITL
FEH S &b, <7 % vy AG BRSO

DERDB RIS, HREELIRD bhiohs -l

DEW, REOHEFSIIET ¥ B Table 7 -9
iRk Ulco BIGHEN B ol LT, BRI <
B Lok TN Lic, UL, 7 F w0
BUIh DD, BEEOBINE Lo »Teich Thbe

¥, ¥ a BTALBREEY S R SN LR kSR A
RL, O o B EORTEEOMINAME Sh e
LI BRERI e oo

e B ERN X BT LA ERD BRI
ofehy, BEGAGERBOBINE &Y L TR,
AROBEC X 5 EEIRD Bl
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Table 7—6, Effects of fruit dipping in calcium solution on the occurrence of the
physiological disorder of 'Wase-Nijisseiki' pear fruits (1978) .

Times of No.of No.of %  of % of disordered

disordered disordered fruits

treatment fruit fruits fruits in last year (1974)

CaCOs 1 30 24,4 81.3 89.6

CaCOgy 2 30 21.9 73.0 88.9

CaCOg 3 30 20.6 68.7 91.3

Control 30 27 .4 91.3 90.6

Concentration : CaCOs 1% ; Date of dipping @ May 20,

Table 7—7,

Effects of fruit dipping in calcium solution on the occurrence of

June 5, June 20.

the physiological disorder of 'Nijisseiki' pear fruits (1976),

Times of No. of No. of % of
. disordered disordered
treatment fruit fruits fruits
CaCQy 1 60 52.1 86.8
CaCOs 2 60 48 .2 80.3
Ca COs 3 60 42.6 71,0
CaCOy 4 60 37.3 62.2
Control 60 55.2 92.0

Concentration : CaCOg 1%

Table 7—8,

June 20, July 5.

'Nijisseiki' pear fruits (1976),

Date of dipping

: May 20, June 5,

Effects of fruit dipping in calcium solution on the elements of

Times of % of dry weight Absolute quantity(mg/ fruit)
treatment N P K Mg N P K Ca Mg
CaCO4 1 0.412 | 0.088 | 1.133 | 0.054 | 0.050 95.2 | 20.3 | 261.7| 12.7 | 11.6
CaCOs 2 0.426 0.081 1.125 0.057 0.047 98.0 18.6 258.8 13.1 10.8
CaCOs 3 0.374 0.076 1.008 | 0.061 0.048 87.5 17.8 235,91 14.3 11.2
CaCOj3 4 0,385 0,073 0.988 0.062 0.051 89.3 16.9 229,2 14.4 11.8
Control 0.424 0.090 1.135 | 0,051 0.046 97.5 20.7 261.1 11.7 10.6
at5% | 0.041 0.016 0,120 | 0.010 8.1 2.6 26,0 1.3
LSD NS NS
at1% | — — — | 0.015 —= — — —

Concentration : CaCOs 1 %,
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Table 7—9,

Effects of fruit dipping in calcium solution on the sugar contents of

'Nijisseiki' pear fruits (% of fresh weight, 1976),

Total|Reduc-|Glu~ Fru- |Su- Su- Su~ Titlrelr- Hardi-
Times of in crose | Crose table ness ,
B sugar/| _ ,g cose | ctose) crose| T T T Starch|acidity[t0” dyn /en®
treatment sugar Total | Fru- (as
SUgAT |ctose malic)
CaCOs 1 | 10.86 | 6.91 | 3.11 3.80 | 3.75 | 0.35 | 0.99 |0.046 0.17 3.81
CaCOs 2 11.42 | 7.53 3.69 3.84 | 3.70 0.32 0.96 0.043 0.17 3.39
CaCos 3 12.23 7.86 3.27 4.59 | 4.15 0.34 0.90 0.041 0.19 3.26
CaCQs 4 12.25 7.88 3.25 4,53 4.15 0.34 0.90 0.038 0.18 3,19
Control 10.78 | 6.88 3.41 3.47 | 3.71 0.34 1.07 0.051 0.18 4.16
at 5% | 1.2210.39 | 0.26 | 0.38 |0.27 . 0.008 - 0.24
L3D NS NS NS
at 1% — 0.59 0.49 0.42 10.46 0.011 0.31

Concentration : CaCOs 1 %.

P
5=

4.
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R, Ek, Bt s, e
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WD BRIED X 5w b, FERBARC & 20K
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W &, SREEN ORI B8 RIS Licled &
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MOKER L D SR EHELTT OB L b L
DT Bo
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RRPIND D 2 7 s ORIBATER B LT B2%
KEHTL, BEPOIN Y AGENEESTRD,
ZOfh, FoFk U UBIOH YV AERIE LT
BT BB ETrol,
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PR AR Uzo

2) FR O ERSATH BRI e fus 3
LG, FoBRIHAVY AGHIIENML, 7Y YA
SEIIET Ute =<1, AAvy AGROBInNEL
Mot ¥, VY ERIOTS R Yy AGESDOHE
(L2 Sy, BEEL O b A ¥ TITE DT
B RO A

BAEE T, BUH BB RIO0Y B
W X biginL, 7 ¥ vk XOCASATED T
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3) AROERMEANC L Y, EHFOF »FR IV
N KEBITEINL, ) vERITRRETL, p Uy
RIL U 7 AR R R O A K TR
Lo 25 LA il & AR el e b - 1o

4) CaCO; DEFEFERY, MBEIH DS 3 ~
4 [EEEC 21 ~ 30 %D AR EERAI AR Uico

5) FRBEEEN ARG RITTHE LS LT,
WIBEE AL MBI LIz CF v K, Vv, BIU
DY NGEMET L, DAy ASETn Ui, ¥
Fo, BEEEIIARE, RO, REL X0 o B0
BEE &b iigine, 78 o X ONCASA AT
BRSPS ST FEERSER LN 5 1o
HRBERE LA E O & & AR L7,

6) LLEOKE, HIROIERHAT X » RRRELE O
125 DR RBRIR O BEE T H ol Thud, RED
B R E T AL BRI O 5 DR E e
CETEIR LTS i b,
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BT AT, TR OB R, B OB
B E LI Lol TREHO vy afs L
BB REIWD L, TASADBIE D bR, Fhb
DEW BRI BRD B0 7 L s L,

g bt X OWIR
& DI S ED T H] ‘~’~i/3>afdbf)v>h Fo o LTl
Do Utc (B 4500 245)

SHEC, YU T oL v R, s
T L A S W},347,48,49,635118,125)
L 75, LB R A A e kD s KR D
iSRS Bt & 5 i !ot/f/;mn“) 490,68) o

i, OV NIAA N

5, ol :;wjyn-xzm e ﬁfwz
: 27,29, 134,15
R P Vs S KA U
17,18, Hb
" LR R L D4 5

KRR, Hy b ,Muf
AV R BT UL A Uiy, R
DT 5T R RS D oI Uiee b, #
DRV S LU T L, b R OREE D
RISk o T SR L,

2. Hid KOF %

b /\41)('3’1/@)? L,

A NEE S0 om, BEE 60 omD A
vy U R (1 /354 a )k bR R (Fig
8-1 )% 120kg Ah, MM REHR BT 5
fod, IUKE S0 =2 0 pBIAty b Oz, NER
500m PR S50em® A Y g LBy (1/509a )
DEEHRZ B 3 emDFx 5 i}, M4 70k Ak
T+ b L
RN, 1

SN OBE R IG A fabie, BB O—+

HHLBAD SEE U (Bt =R vy v= v ) i,
REEE RS AR DD b e IR 1 B S a%%f)z Liziak
THERUCHARY TR L, ZOrns Sy o
s bt 8 AT, 197448 BH TH 8
%z Ltz

o

Fig, 81, The pot expsriment with

'Nijisseiki' pear trees (1975 ) .

Above . Dried treatment and standard
treatment.

Below . Wetted treatment.
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HENX L Table 8 -10 X 55, i, IRAsEs
L ORISR 5, T HOAAELT SRRt
vy s (Caly ), HEFAK (CaO) %ML, AKME
MMz EL e U, 1R 33 CH 274 FCIARRTZ)
e, Sy AERTERE 200 kg /10 a BALEEE L
T Tofesd, i ds J OVEBEI S MIIK A 565 9/
Ay b, BT 393 9/ Fy b, FFE 12 8 15 B
20em D BEXF O & L RF LT Ui, %
o L OSEIBIL v oA A — 2R JICTH & 20em
O4-JE pF 2.6, pF 1.3, FEEEAALE pF 2.2007%
B, FHENENIT O 7 A Basn 8 A31RE T,
HOH UDHHR T R Liem A KR A BF 1 LT
FAPAKLC pF LY Ui, Tols, s IR o
1Y, FOKOWIED S, Bl avr Y~ 8L &

DAPE KRB ST Tl v Ui, RMRLF» FE 15,

Y10, AU Y s 14kg /10 ad L L, HBREIT
R » E 4.24, Vv 283, H YT A
3.95 9 /% » b, EEAFIKIIL, 5y #2.95, Y 1.96,

AV A275F/FHy PRI

Table 8—1, Number of treated pots on
the calcium supply and soil mois—

ture (1974) ,

Treatment We t Standrad Dry
Ca0q’ 3 pots 3 pots |3 pots
CaO 3 3 3

Control 3 3 3

2) HBL BTN E
HAIRER, 9 ] 10 Bl L BB R o RIS

BB, TOBEIHEERE S L0 v v R SR
W Utce 208, 8 C Lwiigl Uk & 8¢, BE
HOBRER, SIUBEROREL 1580 sy
V20, — Rl B OB LA ERELTEED
HA il UM L, ERa T2 IR LT
FAELE Lize 780 172062 34 L b, BoOSHR
Wy E T, B LE - TR B A I L,

R T, BATCEA LR 9 g/»;a); /’7 — & =i
5~ 654 AN, 5 200niDH ><w2’~ )T“U‘f;:o
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Fig. 8—2, Extraction and fractionation procedure of neutral sugar solution from

fruit tissue,
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Table 82, The chemical property of potted soils before the soil treatments (1 o74.),
Available
Treatment Humus Total pH phosphorus
Y. Py0s
(%) ~N(%) H>O KC1 (mg/ 1004 )
Ca Q. 4,57 0.29 5.30 4.72 1.20 41.8
CaO 1.54 0.29 5.35 4.68 1.21 41.6
Cont. 4.56 0.29 5.32 4.70 1,20 41.8
Exchangeable base (me/1004) CEC Calcium | Base
Treatment Saturation| Saturation
Ca0 MgO K, O (ng/ 1009) (%) (%)
Ca02 7.61 1.61 0.82 23.2 32.8 43.1
Ca0 7.53 1.59 0.71 23.4 32.2 42.0
Cont. 7.64 1.57 0.74 23.2 32.2 42.1
100r
99 |
.80 b

g

60

50 p

40 ¢

% of physiological disorder

36

20

1973

 Before

First

Second

76,

Third

‘77

Fourth

Fig, 8—4, Annual changes of physiological disorder affected with calcium supply

and wet~ and dry- treatments to the soils of 'Nijisseiki' pear,

Arrow denotes the starting time of this experiment.
~O-Ca0z ; v CaO ; @ Control; dotted line=dry ;
chain line=wet; real line=standard treatments.
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Table 8—3, The effects of the treatments of calcium supply and soil moisture to
the soils of pot experiment on fruit yield of physiological disorder of
'Nijisseiki' pear (1976),

Number of fruit Yield of | Fruit % of
Treatment disordered
Severe Slight Normal Total fruit |weight fruits
kg g
CaOs 0 4.7 23.3 28.0 5.354 191.2 16.8
Standard| CaO 0 4.0 24.0 28 5.067 181.0 14.3
L Cont. 14.0 12,0 2.0 28 4,980 117.9 92.9
r CaO2 6.0 5.0 5.0 17.0 2.520 148.2 64.7
Wet Ca0 13.0 5, 4.0 22 3.010 136.0 81.8
L Cont. 8.0 2.0 1.0 11.0 1.263 114.8 90.1
CaO, 5.0 6.0 5.0 16 2.078 129.9 70.0
Dry CaO 7.0 10,0 1.0 21.0 2.760 131.4 81.4
| Cont. 13.0 7.0 1.0 22.0 2.671 121.4 96.4

Table 8—4, The effects of the treatments of calcium supply and soil moisture
to the soils of pot experiment on mineral elements of 'Nijisseiki'
pear fruits (1976) ,

% of dry weight Absolute quantity (mg/ fruit)

Treatment
N p K | Ca | Mg| N p K |Ca | Mg
CaQp ! 0.365 | 0.074 {1 0.978 | 0.062|0.047 | 63.38 | 12.77|177.62| 11.47] 8.17
Standard] CaO . 385 066 . 832 .062 039 | 57.89 9.931124.72 9.50] 5.73
Cont. .398 072 11,044 . 044 042 1 68.41 | 12.28]178.96 7.51; 8.27
CaOs .324 054 .579 057 043 | 46,39 7.68 83.17 8.101] 6.08
Wet CaO . 324 058 .536 .052 .038 140,92 7.40 68.13 6.60 4.75
\COI’I'[‘ . 247 .051 620 .03¢9 034 | 35,60 7.37 89 .52 5.56 4.92
CaQs L 480 .0C8 .889 .046 039 [ 72.63 110.26 (136,89 7.07] 6.14
Dry CaO . 329 L067 .816 .045 .038 | 49.47 [10.09 122,72 6.78 | 5.73
\‘COI’ITZ. .411 .059 .645 .038 .038 | 64,95 9,36 |103.25 6.12 1 6.11
LSD at 5% .118 .012 .126 011 013 | 22.79 3.41 31.19 1.54 1] 2.85
at 1% .196 .020 .260 017 ) — 5,66 | 51.69 2.55 | 4.29
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Table 885, The effect of calcium supply and wet- and dry-treatments on sugars and
respiration of 'Nijisseiki'pear fruits (mg/g.FW, 1976) .

Total B - o . Titra- | |
O S | e e | S 505, ot
sugar i N cro tas Mk 21 /%¢/h
malic)

(CaQg |126.06 | 52.34 | 26.03 | 21.04 | 25.65 | 0.018 | 0.203 |10.96 0.87
Standard | CaO 123.08 | 48.23 | 27.25 | 20.25 | 27.35 | 0.018 | 0.239 [13.11 0.87
LCont. |113.04 | 41.53 | 31.54 | 24,55 | 15.42 | 0.021 | 0.208 |16.06 0,96

1.57 | 20.34 | 0,021 | 0,196 [14.38 1.13
2.08 | 18,57 | 0.021 | 0.198 |15.08 1,18
3.03 1 20.00 | 0.024 | 0.188 |18.61 1.45

(CaQ, |113.83 | 37.53 | 31.39
Wet CaO |106.16 | 35.95 | 20.56
(Cont. |105.70 | 36.07 | 26.61

(CaO, |116.23 | 40,54 | 26.48 | 29.54 | 19.67 | 0.024 | 0.225 |16.33 1,22
Dry CaO 1109.40 | 38.10 | 27.08 | 25.23 | 19.04 | 0.023 | 0.214 |16.31 1,15
\Cont. [113.19 | 37.57 | 29.60 | 25.54 | 20.48 | 0.026 | 0.218 [16.96 1.29

at 5% | 10.47 3.53 5.38 4.61 6.30 { 0.002 | 0,023 1.38 0,29

LSD
at 1% | 17.37 .86 e 7.64 | 10.33 | 0.003 | 0.046 2.29 0,48

o

Table 8~6G, The effects of the treatments of calcium supply and soil moisture to the
soils of pot experiment on mineral elements of 'Nijisseiki' pear leaves

(% of dry weight ,1976) ,

%

Treatment N P K Ca Mg WSD
Ca 1.87 0.170 1.21 2.10 0.28 11,19

Standard | Ca O 1.96 .180 1.27 2.15 .23 13.43
\Cont. 1.94 172 1.33 1.72 .27 16.29

CaOp 1.92 157 .90 1.74 .41 10.52

Wet CaO 1.85 .155 .66 1.80 .38 11.35
Cont.| 1,80 L1358 61 1.50 .35 13.66

Ca Oy 1.85 L170 1.01 1.75 .31 14.85

Dry CaO 2.03 .192 .99 1.82 .29 13.71
\Cont. 1.87 164 .76 1,65 .30 17.43

at 5 % .035 35 . .

LSD % NS . 28 01 3.51
at 1% e — .65 .02 —

* Water saturation deficit (AM 9, August 10,1977),
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Fig. 8--85. The effects of the treatments of calcium supply and soil moisture to

the soils of pot experiment on the contents of total and exchangeable

calcium of s0ils(1976),
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Fig, 8—6, Correlation between variables and the first and the second components

the soils of pot experiment of 'Nijisseiki'

cium supply and soil moisture.

pear as influenced by cal-

WSD—=Water saturation deficit, T-sug=Total sugar, R~ sug=Reducing

sugar, Glu=Glucose, Fru=Fructose, Sor=Sorbitol, Suc=Sucrose,
Sta=Starch, L-N=Leaf N, L-P=Leaf ‘P, L-K=Leaf K, L~Ca=Leaf
Ca, L-Mg=Leaf Mg, T-N=Total N in soil, A-P=Available P, Hum=
Humus, Ex-K=Exchangeable K, Ex-Ca=Exchangeable Ca, Ex-Mg=

Exchangeable Mg, Ca-Sa=Degree of calcium saturation, Acid=Titra-

table acidity.
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Fig, 87, Scatter diagram of respective plots as influenced by calcium supply
and soil moisture to the soils of pot experiment of 'Nijisseiki' pear
(1976) .,
O Ca0; , ACaO, @ Control, WSD=Water saturation deficit,
‘L-K=Leaf Ca, L-Mg=Leaf Mg, Ex~Ca=Exchangeable Ca,

'Ca-Sa=Degree of calcium saturation.
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Fig, 89, Annual changes of physiological disorder affected with calcium
supply to the soils of 'Nijisseiki' pear,

*These plots were supplied 2kg for CaQs 3kg,

per tree from 1974 to 1975.
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Table 8—9, Effects of calcium supply to the soil on the mineral elements of
'Nijisseiki' pear fruits (1977) .

% of dry weight Absolute quantity (mg/ fruit )
Treatment
N P K Ca Mg N P K Ca Mg
3 kg
5{Ca0s 14 0.39 0.060 1.15 0.060 | 0.045 103.7 15.9 305.2 15.7 11.7
= Ca()g 31 0.45 0.052 1.19 0.058 | 0.045 125.7 14.7 323.9 16.9 12.6
E| Ca0, 61054 10059 | 1.17 | 0.064 | 0,045 | 145.4 | 15.8 | 316.3 | 17.2 | 12.2
'g Ca(OH)Y2 6| 0.41 0.053 0.93 0.062 | 0.044 105.0 13.6 287.0 15.6 11.2
<0 Control 0.39 | 0.064 | 1.25 | 0.050 | 0.045 | 106.0 | 17.3 | 332.9 | 11.5 | 12.1
§ Ca0, 1] 0.38 0.056 1.02 | 0.076 | 0.042 119.4 | 16.7 321.8 21.8 13.3
=1 Ca0sy 31 0.44 0.058 1.06 0.081 | 0.042 | 118.9 15.7 289.8 21.8 11.5
vé Ca0, 61 0.48 0.059 1.04 0.085 | 0.043 | 1385.6 | 17.1 297.1 23.8 12.5
= Ca(OH), 6| 0,48 0.058 1.07 0.08% | 0,048 135.3 16.2 296.1 23.0 13.7
= Control 0.45 0.063 1.14 0.067 | 0,055 120.4 17.0 305.8 15.6 15.3
at 5 % 0.11 0.008 . 0.008 | 0,011 32.4 2.1 3.6 3.4
LSD NS ’ NS
at 1 % — — 0.014 —— — — N 5.9 —
B3 5 BUASEED BT, VT A A & OIEITCHBID D -T2
CECIIAR & bBHARTO LI X bRl T L, g BENG EBEE ORITIE, YV v el X OV L,
FERFBEBOFE DT 5 53227 dv o Tog AYVY LA 2w b=k, Ay apNEEE S F Y
FLEER IR RIS O Ca0, 6 kgl ks X OfE4Rs B, ve b -, ol BIOTCALAL, </ %
Ca(OH)y 6 kg KARLRE T LT, VYU ADERE, BIUY P UL L Fh SR L R

Lo X 57t B FeAB Lo BoRBc > T T

Fig. 8-10 ©iR L, AR 49k ( 1977 )00 BE & LR & ORI, 288 S RERT R pH, Yo,
FARRAY, BERAESOUER TR 2 B L vy AL, TV YR LB~ s Ry A
This<, ROLBWOTHLORML, AREAKO L, Y49~ LEHE, AR08 VB, 1o
BRI RIS < Te Tl D, MEBOLORE s P IEPRY Ve, v BRI, Y, , B
> Tdo Tz, EAMORIMIEAE L TR b, B WAL o Yy A b, TASAIEN, 45 .% v,
TWE DI B b DB D T ARIREY YRR FHRMEN A A L R AR
5) FUBMIFIC & D BRI AR WHhhlo ¥l FIEREE, 4, % i v,
AP X DEERREA O R AT B, BIRMES Av A L ORI I st
Table8-8~ 8-12 OF — & A CHBEHTI AR ZOMh, HEESHTRp (KC) Sl 29> &

oD Table8~13 Th 5, K,Yl&%m,EF%WE,i%y§4ﬂ<KC> &
REPOMBRIEICIL, 5o BEH V7 AB IV o, THAE D vy 8 SJERE, 4295 # pH(KCL), Y,

AV AL, Dk SRy s KBS R St PRI b, Bk L a L e % CEC
D LS ORITIL, Fo B Vv, BLTDAY  MERERATEO RS S

U ABEREE DM T EIE NSRS D, LK, A BRI R S TR (B ) B ey, Beiho
V7 AIARE & ORI D b, PAT b, Rl BEE v o Hhod vy a,
R TR ORI BIR S (A, B b OL T, BERAOEBERM. YA k.,
Ay s, FE BRE v -, valE BX TASA, E, +BR0Y,, B3y v, B
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Table 8—11, Effects of calcium supply
to the soil on the mineral
elements of 'Nijisseiki’

pear leaves (% of dry

weight , 1977) .
Treatment N P | K Ca Mg
& kg
=rCa0q 112.31 J0.11 {127 [1.94] 0.27
~|Ca0y 312,15 [0.11 10.94 |1.98] 0.33
E|Ca0y  612.17 |0.110.99 |2.08] 0.32
;é Ca(OH)e 6 /2.12 | 0.10 |1.03 | 1.73] 0.27
<{Control 1.98 [0.13 [1.25 |1.31| 0.37
8(Ca0, 12.13 |0.14 |0.98 [1.96 | 0.32
21 Ca0, 312.11 10,13 |1.18 {2.08 | 0.34
=|Ca0y 6 12.13 [0.13 |1.31 |2.14 | 0.33
ElCa(OH)s 6 |2.15 |0.13 |1.28 |1.81 | 0.37
[*}
Z(Control 1.99 [0.12 {1.08 |1.81 | 0,32
at 5% 10.16 10.03 0.39
LSD ’ h
at 1% o.o7 | — | O 064 NS
737 A EGIEOAEHBED Z iR b vl

FIRKEH R0 308y 7 % 30HO%:
PR OV CERD GHT 24T 3 7 RS € COEE
~zopoe, B SBEFSRoC Table 8 ~14
ERLTze 3HK, H1ERSROE 2 5T
D, o, B UERD RO 3 BRI VT DR
OV TAFFECBE L C Fig, 8- 11 KR L
Thobb, B 1ERLEETD 9 B0 28.2 % Fh-
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kY

Fig. 8—1 0. Effects of calcium supply on the rooting of normal(4) and abnor -
mal trees(B) of 'Nijisseiki pear (C:non-calcium supply of abnormal

ires, 1976 ),
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Fig, 8—11, Correlations between variables and the first and the second components(right),
and the first and the third components(left) the soil of 'Nijisseiki' pear trees
as influenced by calcium supply (factor loading, 1976 ).

Sta=S8tarch., T~ sug=Total,sugar, Fru=Fruciose, Glu=Glucose, Sor=Sorbitol, Ino=1Inosito}l, Suc=
Sucrose, Hard=Hardness. T-N=Total N, A-P=Available P, Ex -K=Exchangeable K, Ex -~ Ca=Exchangeable
Ca, Ex=Mg=Exchangeable Mg, Ca-Sa=Degree of calcium saturation, L-P=Leaf P, L~K=Leaf K, L~N=
Leaf N, L~Ca=Leaf Ca, L~-Mg=Leaf Mg.
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Table 8—14,

pear trees influenced by calcium supply(1977),

Results of principal component analysis for the soil of 'Nijisseiki’

Component No . Cotribution
Variable on 7
1 2 3 4 5 6 7 components
X1 N absolute 0.217 | 0.009 -0.126) 0,258 -0.145; 0.135 | -0.193 71.2 %
guantity

Xa P 4 ~.066 348 ~.031 .097 ~.071| -.067 .097 76.8
X3 K ” .034 027 ~.409 - .1756 =, 278 .229 -, 236 89.4
X4 Ca ” L2381 209 -.091 -. 013 ~.009] -.058 -.037 91.9
X5 > Mg ” L0032 210 .140 229 -~ 401 .228 127 86.6
Xe .g Total sugar L2486 -, 173 ~.215 .108 L0587 L1186 111 87.0
X7 g Fructose L2270 ~.072 ~.216 -.001 L0562 .161 .165 85.2
Xs »| Glucose .024 —-.356 ~,065 .088 -.127 L0067 .095 i8.9
Xg E Sorbitol -.229 | -.203 L1630 140 ] -.129] ~.098 | ".126 85.3
Xio Inositol .031 -.216 050 421 ~.034) —.246 .124 81.2
X1 Sucrose .273 050 -.201 .088 .223 .083 -.040 87.3
X1z Starch -.294 ~.169 L0869 ~.089 -.216 029 -.074 91.0
Xy Ti;g?é?%e ~.090 | .043 002 | -.085 | -.216| -.259 588 83.8
X14 Hardness -.264 -,020 004 | -.021 -.120] -.034 ~.288 73.3
X5 " N % 063 | -.111 ~.110| -.295 | ~-.361| -.144 | -.065 63.8
Xie 2| P % -.016 | .360 146 007 | -.122| -.171 .008 86.9
K17 F% K % ~.063 .161 L0211 -.399 L271 .181 ~.063 75.1
X1s ?‘3 Ca % 211 L2776 .021 028 .081 ) ~—.154 ~,104 86.4
Xig T Mg % -.032 .227 202 145 | ~.128| -.057 | ~-.442 79.3
Xoo Humus -,256 .066 .062 .140 -,018 386 . 147 92.6
X21:§ Total-N L185 .160 .386 L1160 -.041 .070 .086 88.7
Xa2 %3 | PH(KCT) 273 | -.092 .288 | ~.182 | ~.081| -.052 | -.151 94.5
Xas 8| Y4 -.294 | 098 | -.179 | .007 137 | .053 | -.009 89.6
Xog %4 Available-P ~.084 -.199 018 .292 T .300 | ~.252 —-.240 85.4
Xos5 §1 Ex~Ca .292 ~.113 L1751 -.102 ~-.089 ) —-.092 -.116 93.1
Xzﬁ‘é Ex-Mg .001 -.207 .008 -.338 ~.374 .221 ~.143 89.4
qu-g Ex-K .031 -.147 . 355 .215 -.013 . 367 .078 84.0
Xo8 ii CEC .083 ~.053 V279 | -.077 271 .352 .021 63.7
Xq (CAleium . -.166 | ~.207 257 | -.074 | .012]-.169 | .023 71.7

Eigen value 8.174 5.501 2.849 2.271 2.001 | 1.762 1.545

Mean

Contribution 0.282 0.192 0.098 | 0.078 0.069 | 0.061 0.053

Comulative 28.2% {47.4 % |57.2%|65.0% |71.9%1(78.0 % |83.3 % 83.3 %

contribution
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Fig, 8—12,

respective amounts

Scatter diagram of normal and abnormal trees as influenced by
of calcium supply to the s0il. (1977 ),

L-P=Leaf P, L-Ca=Leaf Ca, Ex~Ca=Exchangeable Ca.
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Table 81865,

physiological disorder of 'Nijisseiki'

The multiple regression equation according to the degrees of

pear fruits (1977)

Coefficient of Selected
Step The multiple regression equation multiple deter- .
; - » variable
mination (R%)
1 Y=-~8.338 X4+192.065 68. 2 % Ca absolute
quantity
2 | Y=-8.634%X4-14.474Xp +236.48 72. 8 Inositol
3 Y=-10.814X4~ 18.807 X 19~ 30.107 X5¢ +386.014 77. 9 Humus
4 =-7. 514X4 = 26.557 X10~ 32.414 er) +3. 879X9 83. 6 Sorbitol
+302.475
5B | Y=-7949X,~24.181 X9 - 51.576 Xpp +4.236 Xy 89. 8 Calcium
saturation
- 0.908 X o9 + 382.465
6 Y=-8748X4 —21.96X 10 ~35.677 Xoo +4.156 Xg - 93.9 EXCChangeable
a
= 1.453 X o9 + 10.395 Xo5 +314.213
7 | Y=~17.805%Xy - 21.633X 0 ~ 20.743 Xgg +4.048 Xg 96. 0 Total N
in soil
-1.387 Xog +14.442 Xo5 -247. 649 Xoq +289.032
8 Y=-1724%4 —24.299 X10 - 15.509 Xo0+3.803 X 97. 0 Available
P
- 1.388 Xog+14.956 Xo5 ~ 253.436 Xy +4.24 Koy
+175.695
9 Y==-6.323%Xy~ 25.729 X 10 ~ 14.168 X 90-+4.608 Xq 97. 5 Mg in leaf
- 1.422 Xg9+14.339 X o5 - 218.399 Xoy +4.511 Xoa
- 58.658 X 19+ 151.676
10 | Y==5.731 X4~ 24.398 X409~ 10.251 Xop+4.396 X 98. 0 Hardness
= 1.376 X9 15.564 X5 ~ 219.986 Xy +4. 358 Xou
- 78.091 X9+ 13.37 X 34 -+ 89. 381
Note *m in Xm and Y are the same symbols as shown in the Table 8-14.
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Fig, ©9—1 . The occurring mechanism of the physiological disorder of fruit
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Studies on fruit hardening, a physiological disorder in Japanese pear
(Pyrus serotinaRehder var. culta Rehder)
by
Shigetoshi KAWAMATA

Summary

It is of fundamental importance in Japanese pear growing to produce high quality fruit, A physiological dis-
order called “Ishinashi” or ‘“‘Yuzuhada” is, however, a serious problem for pear growers because the affected
fruit shows hardness at the calyx and the unevenness of fruit skin, thus results in marked decrease in fruit
quality and loses market value. The disorder was noticed in the early 1900’s when growing dramatically in-
creased, and it exists all over Japan.

The disorder has been widely detected in pear orchards in Tokyo area, and is especially a serious problem
since the orchards are aimed at pick-yourown operation and roadside markets and so exceptionally high quality
fruit is required. Therefore, it is of utmost importance to find the cause of the disorder and to establish a control
measure,

In part 1 .of this study the cause of the disorder was investigated in relation to growth and development of
trees and fruits, metabolism of fruit composition, respiration and metabolism in roots as well as survey of affect-
ed and healthy orchards. Results were analysed using factor analysis.

In part I, calcium was applied by spray and soil application to control the disorder. The effect of calcium on
fruit development and changes in fruit composition was also investigated. As a result, commercially feasible
methods to control the disorder were established.

1. Productivity of trees bearing disordered fruit.

Only a few fruit-bearing trees were affected. Number of new shoots and elongation rate of shoots were de-
creased in abnormal trees compared to normal trees, although apparent growth looked similar, The fruit produc-
tivity of abnormal trees was aiso lower than normal trees as judged by fruit number, average fruit weight and
yield.

From the experiment of removing newly developing shoots or thinning fruit to 60%, it seems that the inci-
dence of the disorder may not be influenced by competition for water between shoots and fruit, nor by distribu-
tion of nutrients,

When a spur of an abnormal tree was grafted on a normal tree, fruit on the spur did not show the disorder,

Thus it was concluded that the disorder is not transmitted.

2. Changes in fruit development and in fruit nutrient in relation to the physiological disorder,

Fruit weight of normal fruit increased more than disordered fruit during the period of vigorous cell enlarge-
ment in June. This increase was due to the increase of water contents and materials of cell constituent in the
fruit. Thus the disorder can be detected at the end of June by the difference in fruit growth, or in early June by
changes in fruit composition, although it is early August when the symptom of the disorder became noticeable
externally,

Hitherto, changes of mineral elements in the fruit were expressed by the percentage of dry weight, but the
comparison became difficult since the percent of mineral elements decreased as fruit developed., Therefore, by
using principal component analysis (PCA) a detailed comparison was made of the expression using dry weight
percent and absolute quantity in fruit by factor analysis. The comparison revealed that the absolute quantity

was more effective to correlate the incidence of the disorder during fruit development.
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N, P, and K were consistently higher throughout the season but Ca was lower in disordered fruit than in nor-
mal fruit. Moreover, the amount of N and Ca decreased, while P tended to increase as the disorder progressed. It
appears that physiological disorder becomes apparent when Ca falls to a level of 0.047% or less than 10 mg per
fruit of 280 g in case of cv. ‘Nijisseiki’ and of 0.05% or less than 20 mg per fruit of 310 g for cv. ‘Chdjuro’.

Regarding sugar content, fructose and sucrose in disordered fruit became lower while glucose and starch be-
came higher than those in normal fruit as the season progressed or as the disorder became severe. Especially,

. marked decrease in fructose and sucrose resulted in lower total sugars and reducing sugars in disordered fruit. It
was suggested that the abnormality of sugar metabolism in disordered fruit was closely related to a low level of
calcium and an enhancement of respiration, which in turn affected the maturation and ripening of the disordered
fruit. Moreover, it became clear that the increase in hardness of the disordered fruit was not caused by an in-
creased in stone cell but by an increase of cell wall constituents, especially cellulose and non-cellulotic poly-
saccarides such as pectin and hemicellulose.

3. Changes of mineral elements in the leaves.

N, P, and K were consistently higher and Ca and Mg markedly lower in leaves of trees bearing disordered
fruit than those of normal trees of ‘Nijisseiki’ during the growing season, On the other hand, N and Ca in ‘Chdju-
10’ were lower while P and K were higher in leaves of trees bearing disordered fruit than in those of trees bearing
normal fruit. Thus P and Ca in leaves are associated with the occurrence of this disorder, especially the latter,

4. Changes of respiration rates in fruit and leaves,

Disordered fruit evolved a higher amount of CO7 than normal fruit in the middle of July, at the end of the
rainy season, and thus the respiratory quotient (RQ) was also higher in disordered fruit. The trend continued
until the ripening season. As a result disordered fruit ripened about 7 to 10 days earlier. Disordered fruit showed
a shorter shelf-life, decaying at the calyx end.

Although respiration rates of leaves in normal trees decreased, those in abnormal trees hardly decreased. This
resulted in a large difference in the RQ between leaves of normal and abnormal trees. Although the RQ of leaves
in normal trees recovered to the previous level after the beginning of August, the RQ of leaves in abnormal trees
showed a higher value than those of leaves in normal trees from the beginning to the end.

it seems that a shift in respiration rates in disordered fruit and leaves are related to abnormal sugar metabo-
lism. which in turn affects water relations in fruit and leaves.

5, 'The pysiological function of roots.

The root of abnormal trees showed a lower absorption rate of Ca than normal trees, and there was a decline
in root activity as evidenced by a decrease in reduction of triphenyl tetrazolium chloride (TTC) and in the oxda~
tion of G-naphthylamine (0:NA). While low root activity was closely related to the decrease of root respiration.
It seemed that lowering root activity in abnormal trees is caused by a decrease in rootlets which resulted from an ’
aggravation of the soil. Thus the decrease of root absorption capacity may be due to a reduction in pH values,
exchangeable and total Ca and percentage of calcium saturation in the soil. It seemed that physiological disorder
became apparent when the percentage of calcium saturation fell down to a level of 40% or less in the soil,

6. The cultivars prone to the physiological disorder,

By top-grafting spurs of 39 cultivars of ‘Wase-Nijisseiki’ trees which always bear fruit showing the disorder,
it was confirmed that the physiological disorder called “Yuzuhada” in “Nijisseiki’ (green rind pear) and the one
called “Ishinashi” in ‘Chdjuro’ (reddish brown pear), were caused by the same factor. Moreover, it was demon-
strated that so far five cultivars, ‘Shinsui’, ‘Kosui’, ‘Tama’, ‘Inagi’, and *Niitaka’ do not suffer from the disorder.
‘ 7. Factor analysis on the occurrence of the disorder.

A factor analysis on the occurrence of the physiological disorder has been done using principal component
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analysis (PCA) and multiple regression analysis (MRA). Especially PCA was applied to the data obtained by an
investigation into the actual condition of abnormal trees and orchards, and of factor related to the various de-
grees of the disorders found in ‘Nijisseiki’ and ‘Chdjuro’, and relation between fruit composition and respiration
rate, and degrees of the disorder in ‘Nijisseiki’.

Ca, fructose, and starch in fruit, and the RQ significantly contributed to the first principal component of the
disorder of the fruit, while various other factors, such as levels of N, P, K, sucrose,total sugars, reducing sugars
and glucose in fruit, fhe levels of exchangeable Ca, percentage of calcium saturation and pH values of the soil,
contributed the second principal components, The results of MRA showed a tendency similar to those outline
by PCA. It seems that these methods are useful for the factor analysis and the investigation of the mechanism
of the occurrence of the physiological disorder as illustrated by the diagram in Fig, 9—1.

8, A preventive measure against the occurrence of the disorder.

The present experiments were carried out to prevent the disorder by supplying calcium to the trees and to
the soil as a soil conditioner, as the importance of calcium was revealed in Part I. Calcium application to the
leaves with 0.5% CaCly or 1% CaCO3 four times at twenty days intervals decreased the incidence of the disorder
by 10%. However, this treatment improved fruit composition. Dipping fruit in CaCO3 four times at fifteen days
intervals decreased the incidence by approximately 30%. It seems, however, that calcium application to leaves or
to fruit cannot be a fundamental countermeasure to prevent the occurrence of the physiological disorder.

The experiments were carried out to investigate the effects of calcium supply to pot soil and to the field as
a soil conditioner on the incidence of the disorder. Pot experiments were conducted from 1973 to 1977 using
eight-year-old trees of ‘Nijisseiki’ pear which had developed more or less symptoms of the disorder every year.
The occurrence of the disorder decreased markedly by a calcium application even in the first year and continued
to decrease to as low as 13% in the fourth year, Fruit from Ca applied trees showed a considerably high quality
with only slight symptom of the disorder. Moreover, the fruit had higher amounts of Ca, fructose, and sucrose,
and lower amounts of glucose, sorbitol, and starch. Thus the level of these constituents in the treated fruit gra-
dually became to those the normal fruit,

In the field experiments, the occurrence of the disorder decreased gradually by an application of 6 Kg Ca0O9
per tree (200 Kg/10 a), and continued to decrease to as low as 35% in the seventh year, However, an application
of 1 Kg Ca07 per tree did not decrease the occurrence after the third year, while an application of 3 Kg Ca0O9p
or 6 Kg Ca(OH)y per tree slowly decreased the occurrence of the disorder to about 50% in the seventh year,

In a similar experiment in another field, an application of calcium to the trees Which showed about 40 to 55% of

incidence, resulted in complete suppression of the disorder after the fourth year. It was shown that the slight
occurrence of the disorder in ‘Nijisseiki’ may be controlled in a shorter period of time by a calcium application,
Greater effects were not obtained in the field sooner in spite of the remarkable effects in pot experiment and it
may be due to the inefficiency of soil improvement 30 cm or below. Moreover, it was revealed that under both
wet (pF 1.3) and dry (pF 2.6) soil conditions calcium application did not decrease the occurrence of the disorder
because of the leaching and insolubility of calcium in the soil, respectively, At the same time fruit constituents
and flesh hardness were not improved in these conditions, Therefore, it is necessary to provide a good drainage
in wet soil, and to increase moisture holding capacity and/or supply enough water in dry soil.

With the progress of soil improvement, the trees bearing disordered fruit will develop healthy roots, which in
turn enhance the ability of nutrient absorption. As a result the occurrence of the physiological disorder will

decrease markedly, trees will become more healthy and the level of nutrients in the fruit will be improved.
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