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SUMMARY 

Since the past,mulching cultivation in dry field farming was applied for the purpose of 

increasing yield, improving quality, planting annually, and decreasing labor costs. This 

cultivation methods has been applied also to fruit trees. Especially in recent years, many 

reports on the effects of mulching cultivation on persimmons, yellow peaches cherries, and 

pears can be seen. However, there are no case studies on the effects of mulching on plums, 

the representative fruit of Japan. Plums are generally shallow-rooted trees with most of the 

roots distributed at the soil layer of 20~30 centimeters below the ground surface. Thus, if the 

hot and dry weather continues for long days after the end of the rainy season in July; drought, 

wilted leaves, and fallen leaves occur. If this phenomena happens, the carbon fixation of 

leaves and the water uptake of roots decrease, tree growth slows and fewer healthy flower 

buds are formed. It is said that this will also affect the harvest of the following year. 

Therefore, the purposeof this research is to clarifyhow mulching cultivation affected the 

quality and quantity of plum fruit. 

Five test plots were prepared at Gifu University Yanagido Farm from July 2010 to June 

2013.Benisashi plums, which havehigh cold and disease resistance, produce a stable 

harvest, have small seeds but a lot of flesh, were used in the experiment. The trees were 20 

years old with a height of 3m, trunkdiameter of 30cm, and canopydiameter of 4m. The 

area of each test plot was 72m , where three plum trees were planted at intervals of 

6m.The soil of the test fields was classified as sandy clay loam (International Soil Science 

Society Method), which shows good drainage with solid rate of 30~40%, permeability at 

upper layer (0~20cm) of 10-2cm/s and at lower layer (20~40cm) of 10-3cm/s. In addition, 

the water holding capacity at each layer was relatively low with readily available soil 

moisture content pF2.0 3.0) ofaround 10%. Thesoil texture, three phase rates, water 
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permeability andholding capacity of test fields showto be suitable for plum growth. In 

order to clarify the effects of mulching the soil surface by vinyl film to the soil moisture 

and temperature,and fruit production, during the period of highest evaporation from July 1, 

the hottest time of year, until December 31 after all the leaves have fallen,the five plots 

were set up as follows.  

vinyl sheets,  

 

-

diameter at distance of 40cm, 

4 - f 10cm 

diameter at distance of 40cm. 

-

 

As a result of the first experiment that ground surface was covered or not by vinyl black 

film, the following effects of mulching were clarified. 1) The mulching can prevent the 

soil moisture from extremely decreasing and suppress its fluctuation during the continuous 

dry weather in summer, and increase soil temperature.  2) The mulching tended to hasten 

leaves fall in autumn, which suggested that the differentiation and formation of flower 

buds and commutation of nitrogen from leaves had been promoted. 3) The mulching 

tended to make the average individual fruit weight and the total yield of plumincrease and 

the variation of individual fruit weight reduced, which expected to improve those 

economic value. 

As a result of the second experiment that ground surface was covered by hole-mulching, 

the following effects of mulching were clarified. 1) The soil moisture content of 

hole-mulching plot increased greater by about 25% than the mulching plot due to the 
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penetration of rainwater from multi-hole. 2) The evaporation from soil surface of 

hole-mulching plot was suppressed to about one-third of non-mulching plot. 3) Soil 

temperature of hole-mulching plot tended to be lower than mulching plot. 4) The 

production of hole-mulching plot was higher than non-mulching plot, but slightly lower 

than mulching plot. 5) The variation in individual weight of fruit of hole-mulching plot 

was as small as mulchingplot and smaller than the non-mulching plot, and the percentage 

of fruits less than 15g with low commercial value was less than 10% of total fruits. 
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1. (2010 ) 

2010  2010  

10 20  201 149 11 21  28138 19193 

10 21  646 385 11 22  28846 19720 

10 22  1060 656 11 23  29271 20089 

10 23  1676 1008 11 24  33590 23992 

10 24  2102 1240 11 25  34978 25093 

10 25  2590 1574 11 26  37110 27281 

10 26  4000 2802 11 27  39656 29888 

10 27  4538 3297 11 28  41749 32029 

10 28  4957 3629 11 29  44687 35106 

10 29  5227 3815 11 30  46508 38520 

10 30  5845 4306 12 1  47027 39582 

10 31  6581 4888 12 2  47430 40396 

11 1  7800 5828 12 3  49943 48247 

11 2  8316 6303 12 4  51824 51926 

11 3  8798 6699 12 5  52736 53757 

11 4  9209 6987 12 6  53156 54669 

11 5  9630 7216 12 7  53905 57152 

11 6  10135 7528 12 8  54303 57965 

11 7  10814 7959 12 9  54694 59763 

11 8  11366 8258 12 10  55045 61326 

11 9  12788 9127 12 11  55096 61931 

11 10  15319 10588 12 12  55149 62590 

11 11  15747 10960 12 13  55215 63313 

11 12  16366 11448 12 14  55293 64124 

11 13  16948 11872 12 15  55329 64332 

11 14  17409 12255 

11 15  18141 12754 

11 16  20654 14628 

11 17  21921 15580 

11 18  24470 17001 

11 19  26362 18084 

11 20  26863 18479 



55 
 

1. (2011 ) 

2011     

10 20     

10 21  1478 1539 319 

10 22  3210 3190 358 

10 23  5093 4902 401 

10 24  7037 6711 459 

10 25  9072 8702 498 

10 26  11269 10809 525 

10 27  12085 11481 608 

10 28  12988 12169 1239 

10 29  13917 12870 1877 

10 30  14865 13600 2526 

10 31  15877 14339 3179 

11 1  18416 16912 4933 

11 2  19744 18143 5997 

11 3  20655 18876 6798 
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11 7  26254 23482 11427 

11 8  26829 23819 11739 

11 9  27550 24411 12306 

11 10  28705 25145 13055 

11 11  29714 25848 13768 

11 12  30557 26522 14475 

11 13  31349 27141 15089 

11 14  32070 27733 15685 

11 15  32671 28144 16097 

11 16  33264 28506 16489 

11 17  33817 28829 16841 

11 18  34276 29118 17165 

11 19  35118 29510 17843 

11 20  36004 29934 18495 
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2011     

11 21  36918 30372 19112 

11 22  37896 30814 19709 

11 23  38969 31247 20346 

11 24  40310 31691 20963 

11 25  40948 32015 21270 

11 26  41572 32328 21563 
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11 28  42797 32905 22124 

11 29  43408 33194 22397 

11 30  44031 33487 22674 

12 1  44650 33786 22954 

12 2  45282 34087 23246 

12 3  45903 34398 23534 

12 4  46510 34701 23821 

12 5  47122 34989 24117 

12 6  47740 35124 24313 

12 7  48363 35265 24500 

12 8  48991 35387 24682 

12 9  49660 35559 24927 

12 10  50293 35690 25105 

12 11  50925 35818 25288 

12 12  51567 35818 25487 

12 13  51801 35818 25519 

12 14  52023 35818 25550 

12 15  52232 35818 25576 
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1. (2012 ) 

2012  

10 20  919 1543 687 1013 

10 21  1225 2315 824 1208 
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10 25  5899 11660 1374 2532 

10 26  7429 14857 1466 2688 

10 27  7998 15877 1688 2773 

10 28  8627 16921 1900 3489 
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11 16  23939 40772 22825 21513 

11 17  24324 41263 23398 22371 

11 18  24644 41701 24597 23228 

11 19  25230 42296 25750 24085 

11 20  25847 42939 26842 24942 
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2012  

11 21  26484 44045 27845 25799 

11 22  27165 44715 28486 26656 

11 23  27913 45372 29540 27115 

11 24  28847 46046 30501 27351 

11 25  29292 46538 31051 27953 

11 26  29726 47013 31463 28509 

11 27  30157 47447 32471 29043 

11 28  30580 47888 33430 29566 

11 29  31005 48327 33920 30107 

11 30  31439 48771 34415 30657 

12 1  32674 50162 34932 31187 

12 2  33115 50619 35441 31743 

12 3  33547 51091 35949 32285 

12 4  33970 51550 36472 32832 

12 5  34397 51987 36819 33343 

12 6  34827 52192 37150 33859 

12 7  35261 52406 37930 34383 

12 8  35699 52591 38562 34954 

12 9  36165 52852 39569 35454 

12 10  36407 53051 40027 35957 

12 11  36790 54021 40348 36310 

12 12  36943 54033 41401 36568 

12 13  37096 54572 42043 36659 

12 14  37135 54689 42592 37128 

12 15  37211 54898 43004 37168 
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2. (2010 ) 

NO. ABC DEF NO. ABC DEF

1 6.0 6.1 33 6.7 6.8 

2 6.0 6.2 34 6.7 6.8 

3 6.0 6.2 35 6.7 6.8 

4 6.0 6.3 36 6.7 6.8 

5 6.0 6.3 37 6.7 6.8 

6 6.2 6.3 38 6.8 6.9 

7 6.2 6.3 39 6.8 6.9 

8 6.2 6.3 40 6.8 6.9 

9 6.2 6.3 41 6.9 6.9 

10 6.3 6.3 42 6.9 6.9 

11 6.3 6.3 43 7.0 6.9 

12 6.3 6.4 44 7.0 7.0 

13 6.3 6.4 45 7.0 7.0 

14 6.3 6.4 46 7.0 7.0 

15 6.4 6.4 47 7.0 7.0 

16 6.4 6.4 48 7.0 7.0 

17 6.4 6.5 49 7.0 7.0 

18 6.4 6.5 50 7.0 7.1 

19 6.5 6.5 51 7.0 7.1 

20 6.5 6.5 52 7.0 7.1 

21 6.5 6.5 53 7.1 7.1 

22 6.5 6.5 54 7.1 7.1 

23 6.5 6.6 55 7.1 7.1 

24 6.5 6.6 56 7.1 7.1 

25 6.5 6.6 57 7.1 7.1 

26 6.5 6.6 58 7.1 7.1 

27 6.6 6.7 59 7.1 7.1 

28 6.6 6.7 60 7.1 7.1 

29 6.6 6.7 61 7.1 7.1 

30 6.6 6.7 62 7.1 7.1 

31 6.6 6.7 63 7.1 7.1 

32 6.7 6.7 64 7.1 7.2 
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NO. ABC DEF NO. ABC DEF

65 7.2 7.2 83 7.7 7.5 

66 7.2 7.2 84 7.7 7.6 

67 7.2 7.2 85 7.8 7.6 

68 7.2 7.2 86 7.8 7.6 

69 7.2 7.3 87 7.8 7.6 

70 7.2 7.3 88 7.8 7.6 

71 7.2 7.3 89 7.9 7.7 

72 7.3 7.3 90 7.9 7.7 

73 7.5 7.4 91 7.9 7.8 

74 7.5 7.4 92 7.9 7.8 

75 7.6 7.4 93 8 7.8 

76 7.6 7.4 94 8 7.9 

77 7.6 7.5 95 8.1 7.9 

78 7.6 7.5 96 8.1 7.9 

79 7.7 7.5 97 8.2 7.9 

80 7.7 7.5 98 8.2 7.9 

81 7.7 7.5 99 8.3 7.9 

82 7.7 7.5 100 8.3 8.0 
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2. (2011 ) 

NO. 
DEF ABC GHI LMN

1 5.9 6.2 6.2 6.4 

2 6.0 6.2 6.3 6.4 

3 6.0 6.3 6.3 6.5 

4 6.0 6.3 6.3 6.5 

5 6.1 6.3 6.4 6.5 

6 6.1 6.4 6.4 6.5 

7 6.2 6.4 6.5 6.5 

8 6.2 6.4 6.5 6.5 

9 6.2 6.4 6.5 6.5 

10 6.2 6.4 6.5 6.5 

11 6.2 6.4 6.5 6.5 

12 6.4 6.4 6.5 6.5 

13 6.4 6.4 6.6 6.5 

14 6.5 6.5 6.6 6.5 

15 6.5 6.5 6.6 6.6 

16 6.5 6.5 6.6 6.6 

17 6.6 6.5 6.7 6.6 

18 6.6 6.5 6.7 6.6 

19 6.6 6.5 6.7 6.6 

20 6.6 6.5 6.7 6.6 

21 6.6 6.6 6.7 6.6 

22 6.7 6.6 6.8 6.6 

23 6.7 6.6 6.8 6.7 

24 6.7 6.6 6.8 6.7 

25 6.7 6.6 6.9 6.7 

26 6.7 6.6 6.9 6.7 

27 6.7 6.7 6.9 6.7 

28 6.8 6.7 6.9 6.7 

29 6.8 6.7 7.0 6.7 

30 6.8 6.7 7.0 6.7 

31 6.8 6.7 7.0 6.8 
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NO. 
DEF ABC GHI LMN

32 6.8 6.7 7.0 6.8 

33 6.8 6.8 7.0 6.8 

34 6.8 6.8 7.0 6.8 

35 6.8 6.8 7.0 6.8 

36 6.8 6.8 7.0 6.8 

37 6.9 6.8 7.0 6.8 

38 6.9 6.9 7.1 6.8 

39 6.9 6.9 7.1 6.8 

40 6.9 6.9 7.1 6.8 

41 6.9 6.9 7.1 6.8 

42 6.9 6.9 7.1 6.8 

43 6.9 6.9 7.1 6.8 

44 6.9 7.0 7.1 6.8 

45 6.9 7.0 7.1 6.8 

46 6.9 7.0 7.1 6.9 

47 6.9 7.0 7.1 6.9 

48 6.9 7.0 7.1 6.9 

49 7.0 7.0 7.1 6.9 

50 7.0 7.2 7.1 6.9 

51 7.0 7.2 7.1 6.9 

52 7.0 7.2 7.1 6.9 

53 7.0 7.2 7.1 6.9 

54 7.0 7.2 7.1 7.0 

55 7.0 7.2 7.1 7.0 

56 7.0 7.2 7.2 7.0 

57 7.0 7.2 7.2 7.0 

58 7.0 7.2 7.2 7.0 

59 7.1 7.2 7.2 7.0 

60 7.1 7.2 7.2 7.0 

61 7.1 7.2 7.2 7.0 

62 7.1 7.2 7.2 7.0 

63 7.1 7.2 7.2 7.0 

64 7.1 7.2 7.2 7.2 
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NO. 
DEF ABC GHI LMN

65 7.2 7.2 7.2 7.2 

66 7.2 7.2 7.2 7.2 

67 7.2 7.3 7.2 7.2 

68 7.2 7.3 7.2 7.2 

69 7.2 7.3 7.3 7.2 

70 7.2 7.3 7.3 7.2 

71 7.2 7.3 7.3 7.2 

72 7.2 7.3 7.3 7.2 

73 7.2 7.4 7.3 7.4 

74 7.2 7.4 7.3 7.4 

75 7.2 7.4 7.3 7.4 

76 7.3 7.4 7.3 7.4 

77 7.3 7.5 7.3 7.4 

78 7.3 7.5 7.4 7.4 

79 7.3 7.5 7.4 7.4 

80 7.4 7.5 7.4 7.4 

81 7.4 7.5 7.4 7.5 

82 7.4 7.5 7.5 7.5 

83 7.4 7.5 7.5 7.5 

84 7.4 7.6 7.5 7.5 

85 7.4 7.6 7.5 7.5 

86 7.5 7.6 7.5 7.5 

87 7.5 7.7 7.5 7.5 

88 7.5 7.7 7.5 7.6 

89 7.5 7.7 7.5 7.6 

90 7.5 7.7 7.6 7.6 

91 7.5 7.8 7.6 7.6 

92 7.6 7.8 7.6 7.6 

93 7.6 7.8 7.6 7.7 

94 7.6 7.9 7.7 7.7 

95 7.7 7.9 7.7 7.7 

96 7.7 7.9 7.7 7.8 

97 7.8 8.0 7.8 7.9 
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NO. 
DEF ABC GHI LMN

98 7.8 8.0 7.8 7.9 

99 7.9 8.0 7.8 7.9 

100 7.9 8.0 7.9 7.9 
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2. (2012 ) 

NO GHI LMN DEF ABC OPQ 

1 6.1 6.4 6.5 6.2 6.4 

2 6.3 6.5 6.6 6.3 6.4 

3 6.5 6.6 6.6 6.5 6.4 

4 6.6 6.6 6.6 6.5 6.4 

5 6.8 6.7 6.8 6.5 6.4 

6 6.8 6.7 6.8 6.5 6.4 

7 6.9 6.8 6.8 6.5 6.5 

8 6.9 6.8 6.8 6.5 6.5 

9 6.9 6.8 6.8 6.5 6.5 

10 6.9 6.8 6.8 6.6 6.6 

11 6.9 6.8 6.8 6.6 6.6 

12 7.0 6.8 6.9 6.7 6.6 

13 7.0 6.8 6.9 6.8 6.6 

14 7.0 6.8 6.9 6.8 6.6 

15 7.0 6.9 6.9 6.8 6.6 

16 7.0 6.9 6.9 6.8 6.6 

17 7.0 6.9 6.9 6.9 6.7 

18 7.0 6.9 6.9 6.9 6.7 

19 7.0 6.9 6.9 6.9 6.7 

20 7.0 6.9 6.9 6.9 6.7 

21 7.0 7.0 6.9 6.9 6.7 

22 7.1 7.0 6.9 6.9 6.9 

23 7.1 7.0 6.9 6.9 6.9 

24 7.1 7.0 7.0 6.9 6.9 

25 7.1 7.0 7.0 7.0 7.0 

26 7.1 7.0 7.0 7.0 7.0 

27 7.1 7.0 7.0 7.0 7.0 

28 7.1 7.0 7.0 7.0 7.0 

29 7.1 7.0 7.0 7.0 7.0 

30 7.1 7.0 7.0 7.0 7.0 

31 7.1 7.0 7.0 7.0 7.0 
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NO GHI LMN DEF ABC OPQ 

32 7.1 7.0 7.0 7.0 7.0 

33 7.1 7.0 7.0 7.0 7.0 

34 7.1 7.0 7.0 7.0 7.0 

35 7.1 7.0 7.0 7.0 7.0 

36 7.1 7.1 7.0 7.0 7.0 

37 7.1 7.1 7.0 7.0 7.0 

38 7.1 7.1 7.0 7.1 7.1 

39 7.1 7.1 7.0 7.1 7.1 

40 7.1 7.1 7.0 7.1 7.1 

41 7.1 7.1 7.0 7.1 7.1 

42 7.2 7.1 7.0 7.1 7.1 

43 7.2 7.1 7.1 7.1 7.1 

44 7.2 7.1 7.1 7.1 7.1 

45 7.2 7.1 7.1 7.1 7.1 

46 7.2 7.1 7.1 7.1 7.1 

47 7.2 7.1 7.1 7.1 7.1 

48 7.3 7.1 7.1 7.1 7.1 

49 7.3 7.2 7.1 7.1 7.1 

50 7.3 7.2 7.1 7.1 7.1 

51 7.3 7.2 7.1 7.1 7.1 

52 7.3 7.2 7.1 7.1 7.1 

53 7.3 7.2 7.1 7.1 7.1 

54 7.3 7.2 7.1 7.1 7.1 

55 7.3 7.3 7.1 7.1 7.1 

56 7.3 7.3 7.1 7.2 7.2 

57 7.3 7.3 7.1 7.2 7.2 

58 7.3 7.3 7.1 7.2 7.2 

59 7.3 7.3 7.1 7.2 7.2 

60 7.4 7.3 7.1 7.2 7.2 

61 7.4 7.3 7.2 7.2 7.2 

62 7.4 7.3 7.2 7.2 7.2 

63 7.4 7.3 7.2 7.2 7.2 
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NO GHI LMN DEF ABC OPQ 

64 7.4 7.3 7.2 7.2 7.2 

65 7.4 7.3 7.2 7.2 7.2 

66 7.5 7.4 7.2 7.2 7.2 

67 7.5 7.4 7.2 7.2 7.2 

68 7.5 7.4 7.2 7.2 7.2 

69 7.6 7.4 7.2 7.3 7.3 

70 7.6 7.5 7.2 7.3 7.3 

71 7.6 7.5 7.3 7.3 7.3 

72 7.6 7.6 7.3 7.3 7.3 

73 7.6 7.6 7.3 7.3 7.3 

74 7.7 7.6 7.3 7.3 7.3 

75 7.7 7.6 7.3 7.3 7.3 

76 7.7 7.6 7.4 7.3 7.3 

77 7.8 7.7 7.4 7.3 7.3 

78 7.8 7.7 7.4 7.4 7.4 

79 7.8 7.8 7.4 7.4 7.4 

80 7.8 7.8 7.5 7.4 7.4 

81 7.8 7.8 7.5 7.4 7.4 

82 7.8 7.8 7.5 7.5 7.5 

83 7.8 7.8 7.5 7.5 7.5 

84 7.8 7.8 7.5 7.5 7.5 

85 7.8 7.8 7.5 7.5 7.5 

86 7.8 7.8 7.6 7.5 7.5 

87 7.8 7.8 7.7 7.5 7.5 

88 7.8 7.8 7.7 7.5 7.5 

89 7.9 7.9 7.8 7.6 7.5 

90 7.9 7.9 7.8 7.6 7.5 

91 7.9 7.9 7.8 7.6 7.5 

92 7.9 7.9 7.8 7.6 7.5 

93 7.9 7.9 7.9 7.6 7.5 

94 8.0 7.9 7.9 7.8 7.5 

95 8.0 7.9 7.9 7.8 7.5 
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NO GHI LMN DEF ABC OPQ 

96 8.0 7.9 7.9 7.8 7.5 

97 8.0 8.0 8.0 7.8 7.5 

98 8.0 8.1 8.1 7.9 7.5 

99 8.1 8.1 8.2 7.9 7.5 

100 8.1 8.2 8.2 8.0 7.5 
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3. (2010 ) 

NO. ABC DEF NO. ABC DEF 

1 6.0 10.0 32 16.0 16.3 

2 8.0 11.5 33 16.0 16.3 

3 8.0 11.5 34 16.1 16.3 

4 8.3 12 35 16.1 16.4 

5 8.5 12.8 36 16.2 16.4 

6 9.3 13.5 37 16.2 16.4 

7 10.5 14 38 16.3 16.4 

8 11.0 14 39 16.3 16.5 

9 11.6 14.3 40 16.5 16.5 

10 12.0 15.1 41 17.0 16.5 

11 12.5 15.2 42 17.0 16.5 

12 12.7 15.3 43 17.0 16.6 

13 12.9 15.4 44 17.0 16.6 

14 13.0 15.5 45 17.5 16.7 

15 13.1 15.5 46 17.5 16.7 

16 13.3 15.6 47 17.5 16.8 

17 13.5 15.6 48 17.5 16.8 

18 13.6 15.6 49 17.9 16.9 

19 13.7 15.7 50 18.0 16.9 

20 13.8 15.7 51 18.1 17.0 

21 13.9 15..7 52 18.2 17.0 

22 14.0 15.8 53 18.3 17.0 

23 14.1 15.8 54 18.4 17.1 

24 14.2 15.9 55 18.5 17.1 

25 14.4 16.0 56 18.5 17.2 

26 14.5 16.0 57 18.5 17.2 

27 15.0 16.1 58 18.8 17.2 

28 15.3 16.1 59 18.9 17.3 

29 15.8 16.2 60 19.0 17.4 

30 15.8 16.2 61 19.1 17.5 

31 15.9 16.3 62 19.3 17.5 
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NO. ABC DEF NO. ABC DEF 

63 19.4 17.5 82 24.0 18.8 

64 19.5 17.5 83 24.5 18.9 

65 20.0 17.6 84 24.8 18.9 

66 20.5 17.7 85 25.2 19.0 

67 20.6 17.8 86 25.5 19.1 

68 20.7 17.9 87 25.6 19.2 

69 20.8 18.0 88 26.0 19.2 

70 21.0 18.0 89 26.3 19.2 

71 21.3 18.0 90 26.4 19.7 

72 21.8 18.1 91 26.5 20.0 

73 22.0 18.2 92 26.8 20.1 

74 22.0 18.3 93 27.0 20.5 

75 22.1 18.3 94 27.1 20.5 

76 22.2 18.4 95 27.3 21.0 

77 22.7 18.5 96 27.5 21.3 

78 22.8 18.6 97 28.0 21.8 

79 23.0 18.7 98 28.3 22.0 

80 23.3 18.7 99 28.6 23.0 

81 23.5 18.8 100 28.8 25.6 
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3. (2011 ) 

NO. DEF ABC GHI LMN 

1 12.1 13.1 12.3 13.5 

2 13.0 14.7 13.2 14.8 

3 13.3 15.5 13.5 17.0 

4 14.0 16.0 14.5 18.0 

5 14.0 20.0 14.8 19.3 

6 14.2 21.8 18.0 21.0 

7 14.2 21.8 19.5 21.3 

8 14.3 21.9 20.6 21.4 

9 14.4 22.5 22.6 21.5 

10 14.4 22.6 22.7 21.6 

11 14.5 22.9 22.8 21.6 

12 14.5 23.0 23.0 21.7 

13 14.6 23.3 23.3 21.7 

14 14.6 23.4 23.4 22.8 

15 14.7 23.5 23.5 22.8 

16 14.7 23.5 23.6 22.9 

17 14.7 23.5 23.8 22.9 

18 14.7 23.5 23.8 22.9 

19 14.7 23.5 23.9 23.0 

20 14.7 23.5 23.9 23.0 

21 14.8 23.5 23.9 23.0 

22 14.8 23.5 23.9 23.0 

23 14.8 23.5 23.9 23.1 

24 14.8 23.5 23.9 23.1 

25 14.8 23.5 24.1 23.2 

26 14.8 23.5 24.2 23.2 

27 14.9 23.5 24.2 23.3 

28 14.9 24.0 24.4 23.3 

29 14.9 24.0 24.4 23.4 

30 14.9 24.0 24.4 23.4 
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NO. DEF ABC GHI LMN 

31 15.6 24.0 24.5 23.5 

32 18.5 24.0 24.5 23.6 

33 21.2 24.1 24.5 23.7 

34 22.6 24.2 24.5 23.8 

35 24.0 24.2 24.5 23.8 

36 24.0 24.3 24.5 23.9 

37 24.1 24.3 24.5 23.9 

38 24.1 24.3 24.5 23.9 

39 24.2 24.3 24.6 23.9 

40 24.2 24.3 24.6 23.9 

41 24.2 24.3 24.6 23.9 

42 24.2 24.3 24.7 24.0 

43 24.2 24.3 24.7 24.0 

44 24.2 24.4 24.7 24.0 

45 24.2 24.4 24.7 24.1 

46 24.2 24.4 24.7 24.1 

47 24.2 24.4 24.8 24.1 

48 24.2 24.4 24.8 24.1 

49 24.2 24.4 24.8 24.1 

50 24.3 24.4 24.8 24.1 

51 24.3 24.4 24.8 24.1 

52 24.4 24.4 24.8 24.2 

53 24.4 24.5 24.9 24.2 

54 24.5 24.5 24.9 24.2 

55 24.5 24.5 24.9 24.2 

56 24.5 24.5 24.9 24.2 

57 24.5 24.5 24.9 24.2 

58 24.5 24.5 24.9 24.2 

59 24.5 24.5 24.9 24.3 

60 24.5 24.5 24.9 24.3 

61 24.5 24.5 24.9 24.4 

62 24.6 24.5 24.9 24.4 
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NO. DEF ABC GHI LMN 

63 24.6 24.5 24.9 24.4 

64 24.6 24.5 24.9 24.5 

65 24.6 24.6 24.9 24.5 

66 24.6 24.6 24.9 24.5 

67 24.7 24.6 24.9 24.6 

68 24.7 24.6 24.9 24.6 

69 24.7 24.6 24.9 24.6 

70 24.7 24.6 24.9 24.6 

71 24.7 24.6 25.0 24.7 

72 24.8 24.8 25.0 24.7 

73 24.8 24.8 25.0 24.7 

74 24.8 24.8 25.0 24.7 

75 24.8 24.8 25.0 24.8 

76 24.8 24.9 25.0 24.8 

77 24.9 24.9 25.0 24.8 

78 24.9 24.9 25.0 24.8 

79 24.9 24.9 25.0 24.8 

80 24.9 24.9 25.0 24.9 

81 24.9 24.9 25.0 24.9 

82 25.0 24.9 25.0 24.9 

83 25.0 24.9 25.0 24.9 

84 25.0 24.9 25.0 24.9 

85 25.0 24.9 25.0 24.9 

86 25.0 24.9 25.0 25.0 

87 25.0 24.9 25.0 25.0 

88 25.0 24.9 25.0 25.0 

89 28.5 25.0 25.0 25.0 

90 32.3 25.0 25.0 25.0 

91 34.6 25.0 25.0 25.0 

92 35.2 25.0 25.0 25.0 

93 35.5 26.5 25.0 25.0 

94 35.8 28.1 25.0 25.0 
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NO. DEF ABC GHI LMN 

95 36.0 30.2 25.0 25.0 

96 36.0 33.3 25.0 28.8 

97 36.3 33.6 25.0 32.9 

98 36.9 34.0 33.5 33.5 

99 37.0 34.1 34.1 34.6 

100 37.5 34.6 34.8 35.0 
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3. (2012 ) 

NO. GHI LMN DEF ABC OPQ 

1 13.1 11.8 10.0 11.2 9.0 

2 14.9 13.0 10.8 12.2 9.7 

3 15.3 13.1 11.0 12.8 10.9 

4 15.8 14.0 12.0 13.6 11.6 

5 15.8 14.0 12.0 14.8 12.9 

6 15.9 14.1 12.4 15.9 13.0 

7 16.2 15.1 13.0 16.0 13.4 

8 16.2 15.1 13.0 16.3 13.8 

9 16.3 15.5 13.2 16.6 13.9 

10 16.5 16.0 16.2 17.0 13.9 

11 16.6 16.0 17.7 17.5 14.5 

12 16.7 16.2 18.0 17.6 14.6 

13 16.8 16.3 18.1 17.7 14.7 

14 16.9 16.5 18.4 17.8 14.8 

15 17.0 17.0 18.4 18.1 14.8 

16 17.1 17.1 18.5 18.1 15.0 

17 17.1 17.1 18.8 18.2 15.0 

18 17.3 17.6 19.0 18.6 15.0 

19 17.5 17.8 19.2 18.6 15.0 

20 17.5 17.9 19.2 18.7 15.0 

21 17.7 18.0 19.2 18.9 15.0 

22 17.7 18.0 19.2 19.1 15.0 

23 17.8 18.1 19.2 19.7 15.0 

24 17.8 18.1 19.4 19.8 15.0 

25 17.8 18.2 19.5 19.9 17.3 

26 17.9 18.6 19.6 19.9 17.5 

27 18.0 18.8 19.7 19.9 18.9 

28 18.0 19.0 19.8 19.9 19.9 

29 18.1 19.0 19.8 19.9 20.1 

30 18.2 19.1 19.9 20.0 20.2 
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NO. GHI LMN DEF ABC OPQ 

31 18.4 19.6 19.9 20.0 20.3 

32 18.4 19.6 19.9 20.1 20.4 

33 18.5 19.8 19.9 20.1 20.5 

34 18.5 19.8 19.9 20.2 20.6 

35 18.6 19.8 19.9 20.3 20.6 

36 18.6 19.8 19.9 20.4 20.7 

37 18.6 19.9 19.9 20.6 20.8 

38 18.6 19.9 20.0 20.6 20.9 

39 18.7 19.9 20.0 20.6 21.0 

40 18.7 20.0 20.0 20.7 21.1 

41 18.7 20.0 20.0 20.9 21.3 

42 18.8 20.0 20.0 21.2 21.4 

43 18.9 20.0 20.0 21.2 21.7 

44 19.0 20.0 20.0 21.2 21.8 

45 19.0 20.0 20.1 21.3 21.8 

46 19.0 20.0 20.2 21.3 21.9 

47 19.1 20.0 20.2 21.3 22.5 

48 19.1 20.0 20.2 21.4 22.6 

49 19.1 20.0 20.2 21.4 22.9 

50 19.1 20.0 20.2 21.6 23.0 

51 19.1 20.0 20.4 21.6 23.0 

52 19.2 20.0 20.4 21.6 23.0 

53 19.2 20.1 20.4 21.7 23.1 

54 19.4 20.1 20.6 21.7 23.2 

55 19.5 20.1 20.8 21.7 23.3 

56 19.5 20.1 20.8 22.2 23.4 

57 19.5 20.1 21.2 22.2 23.5 

58 19.6 20.1 21.6 22.2 23.6 

59 19.6 20.2 21.6 22.2 23.7 

60 19.9 20.2 21.6 22.4 23.8 

61 19.9 20.2 21.6 22.4 24.0 

62 20.2 20.5 21.6 22.5 24.0 
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NO. GHI LMN DEF ABC OPQ 

63 20.2 20.8 21.6 22.5 24.1 

64 20.2 20.8 21.8 22.6 24.2 

65 20.2 21.0 21.8 22.6 24.2 

66 20.4 21.0 21.9 22.6 24.3 

67 20.4 21.0 22.0 22.7 24.4 

68 20.5 21.6 22.0 22.8 24.5 

69 20.6 21.8 22.1 22.8 24.6 

70 20.8 22.0 22.1 22.8 24.6 

71 21.0 22.0 22.2 22.9 24.7 

72 21.1 22.0 22.3 22.9 24.7 

73 21.1 22.1 22.4 23.1 24.8 

74 21.2 22.1 22.8 23.2 24.8 

75 21.3 22.1 23.0 23.5 24.8 

76 21.3 22.2 23.0 23.5 24.8 

77 21.4 22.4 23.1 23.6 24.9 

78 21.4 22.4 23.2 23.7 25.0 

79 21.6 22.4 23.2 23.7 25.0 

80 21.6 22.6 23.4 23.8 25.0 

81 21.6 22.7 23.6 23.8 25.0 

82 21.6 22.8 23.8 24.2 25.0 

83 21.9 22.9 24.0 24.2 25.0 

84 22.0 23.0 24.0 24.3 25.0 

85 22.0 23.0 24.0 24.6 25.8 

86 22.4 23.0 24.0 24.7 27.5 

87 22.5 23.1 24.0 25.0 28.8 

88 22.5 23.8 24.2 25.1 29.7 

89 22.6 24.1 24.2 25.4 30.5 

90 22.9 24.1 24.2 25.5 31.3 

91 23.2 24.2 24.2 25.5 32.2 

92 23.6 24.2 24.4 25.5 32.4 

93 23.6 24.4 24.6 25.7 32.9 

94 23.8 25.2 25.0 25.8 33.0 
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NO. GHI LMN DEF ABC OPQ 

95 24.2 25.6 25.0 26.0 33.1 

96 24.3 25.8 25.4 26.0 33.5 

97 24.8 26.2 25.6 26.4 33.9 

98 26.6 26.4 25.6 26.5 33.9 

99 28.0 27.1 26.0 27.7 34.2 

100 29.7 28.0 26.0 28.2 35.1 
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4. (2010 ) 

mm/d  6.9  

2010/7/14 0:00 33.5 29.3  

2010/7/27 0:00 18.4 26.5  

mm   75.8 14.3  

mm/d     4.7 

(%)    68.6 

mm/d 5.6  

2010/7/29 0:00 30.5 27.2  

2010/8/6 0:00 24.3 26.2  

mm   31.3 5.3  

mm/d     3.2 

(%)    58.0 

mm/d 6.8  

2010/8/17 0:00 29.1 27.0  

2010/8/29 0:00 17.7 23.5  

mm   57.2 17.8  

mm/d     3.3 

(%)    48.3 

mm/d 5.8  

2010/10/10 0:00 33.0 29.0  

2010/10/24 0:00 20.0 25.0  

mm   65.0 20.0  

mm/d     3.2 

(%)    55.4 
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4. (2011)  

mm/d  7.8  

2011/7/9 0:00 35 33 32  

2011/7/18 0:00 23 29 29  

mm   62.1 18.0 15.9  

mm/d      4.9 

(%)     62.9 

mm/d  8.0  

2011/8/4 0:00 33 31 31  

2011/8/13 0:00 22 28 27  

mm   54.2 17.2 18.2  

mm/d      4.1 

(%)     51.3 

mm/d  4.8  

2011/9/20 0:00 34 32 32  

2011/9/27 0:00 28.6 30.8 30.9  

mm   27.3 6.5 6.1  

mm/d      3.0 

(%)     62.0 

mm/d  5.2  

2011/10/3 0:00 31.3 29.9 30.0  

2011/10/10 0:00 26.1 28.8 29.1  

mm   26.0 5.5 4.4  

mm/d      2.9 

(%)     56.4 

mm/d  4.4  

2011/11/17 0:00 32.2 30.2 31.3  

2011/11/27 0:00 26.0 28.9 30.0  

mm   31.1 6.7 6.7  

mm/d      2.4 

(%)     55.4 

mm/d  3.0  

2011/12/6 0:00 31.4 30.4 30.0  

2011/12/15 0:00 27.2 29.2 29.0  
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mm   20.6 5.7 5  

mm/d      1.7 

(%)     55.3 
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4. (2012 ) 

mm/d  4.8  

2012/7/22 0:00 33.6 32.0  

2012/8/6 0:00 27.1 28.8  

mm   32.3 16.2  

mm/d     1.1 

(%)    22.5 

mm/d  4.2  

2012/8/19 0:00 29.8 29.5  

2012/8/29 0:00 26.2 28.3  

mm   17.8 6.3  

mm/d     1.2 

(%)    27.4 

mm/d  5.8  

2012/9/4 0:00 34.1 31.3  

2012/9/8 0:00 32.3 30.2  

mm   8.8 5.4  

mm/d     0.8 

(%)    14.3 

mm/d  3.3  

2012/10/18 0:00 30.6 28.6  

2012/10/23 0:00 29.2 27.8  

mm   6.7 4.1  

mm/d     0.5 

(%)    15.7 

mm/d  1.8  

2012/12/11 0:00 33.8 31.0  

2012/12/13 0:00 33.5 30.9  

mm   1.2 0.8  

mm/d     0.2 

(%)    12.3 
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4. (2012 ) 

mm/d  4.8  

2012/7/22 0:00 34.9 32.1  

2012/8/6 0:00 28.9 29.0  

mm   29.8 15.8  

mm/d     1.1 

(%)    25.2 

mm/d  4.2  

2012/8/19 0:00 30.7 28.3  

2012/8/29 0:00 26.9 26.6  

mm   19.1 8.5  

mm/d     1.4 

(%)    24.6 

mm/d  5.8  

2012/9/4 0:00 32.8 31.0  

2012/9/8 0:00 30.8 30.2  

mm   9.9 4.2  

mm/d     0.9 

(%)    28 

mm/d  3.3  

2012/10/18 0:00 31.3 30.0  

2012/10/23 0:00 29.8 29.5  

mm   7.3 2.7  

mm/d     0.2 

(%)    13.4 

mm/d  1.8  

2012/12/11 0:00 33.4 32.0  

2012/12/13 0:00 33.1 31.9  

mm   1.3 0.8  

mm/d     0.2 

(%)    13.4 
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5. (2010 ) 

mm  67 

 2010/7/10 8:10 30.0 28.0 

 2010/7/11 22:00 37.7 29.4 

-   38.4 6.7 

(%)  57.1 10.0 

mm  48 

 2010/7/27 0:00 24.0 26.5 

 2010/7/28 0:00 30.0 28.0 

-   29.9 7.6 

(%)  62.3 15.8 

mm  57 

 2010/8/6 3:40 24.3 26.6 

 2010/8/7 1:00 31.8 28.7 

-   37.9 10.9 

(%)  66.2 19.1 

mm  36 

 2010/9/2 7:40 25.5 23.7 

 2010/9/2 9:30 30.4 25.2 

-   24.6 7.4 

(%)  68.1 20.4 

mm  30 

 2010/10/9 18:30 25.9 26.9 

 2010/10/10 18:30 30.0 28.2 

-   20.4 6.3 

(%)  68.0 21.0 

mm  32 

 2010/11/16 5:30 30.4 29.0 

 2010/11/16 15:00 34.8 30.1 

-   22.1 5.6 

(%)  69.1 17.5 

mm  18 

 2010/11/26 8:10 28.2 27.8 

 2010/11/27 8:10 30.0 28.4 
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-   9.2 2.8 

(%)  50.6 15.4 

mm  22 

 2010/12/11 17:40 30.3 29.7 

 2010/12/12 7:10 33.3 30.1 

-   14.6 2.3 

(%)  66.4 10.5 
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5. (2011 ) 

mm  35 

 2011/7/8 13:00 28.0 29.5 29.6 

 2011/7/9 13:00 32.6 31.0 31.2 

-   22.7 7.2 7.7 

(%)  65.0 20.7 22.1 

mm  40 

 2011/7/20 15:20 30.7 32.0 32.1 

 2011/7/21 15:20 36.1 33.7 33.5 

-   27.0 8.7 6.9 

(%)  67.5 21.9 17.3 

mm  26.5 

 2011/8/17 17:40 28.3 29.5 29.2 

 2011/8/18 15:20 31.6 30.5 30.3 

-   16.3 4.7 5.3 

(%)  61.6 17.8 20.1 

mm  11.5 

 2011/10/27 5:00 29.6 30.3 30.2 

 2011/10/27 6:30 31.0 30.7 30.6 

-   6.9 1.8 1.8 

(%)  60.2 15.5 15.7 

mm  10 

 2011/11/7 18:50 28.3 28.8 28.6 

 2011/11/8 0:00 29.4 29.1 29.0 

-   5.5 1.5 1.9 

(%)  55.5 15.0 18.6 
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5. (2012 ) 

mm  54 

 2012/7/20 16:50 29.5 28.9 28.6 29.0 

 2012/7/20 23:10 33.6 31.2 33.1 31.3 

-   20.7 11.3 22.5 11.5 

(%)  38.3 21.0 41.7 21.3 

mm  10.5 

 2012/8/6 16:50 25.8 27.7 25.9 26.7 

 2012/8/7 0:00 26.6 28.0 26.6 27.0 

-   4.2 1.6 3.8 1.6 

(%)  40.2 15.5 36.1 14.9 

mm  32.5 

 2012/10/17 12:20 28.5 28.7 28.2 29.0 

 2012/10/18 0:00 31.9 30.0 31.3 30.3 

-   16.7 6.4 15.4 6.8 

(%)  51.2 19.7 47.4 21.1 

mm  23 

 2012/11/11 12:00 30.5 30.0 30.3 31.1 

 2012/11/12 0:00 32.5 30.9 32.2 32.0 

-   10.0 4.4 9.6 4.5 

(%)  43.4 19.1 41.5 19.6 

mm  26 

 2012/12/15 16:50 33.1 30.0 33.2 29.6 

 2012/12/16 0:00 35.5 31.0 35.5 30.7 

-   11.9 5.1 11.6 5.3 

(%)  45.6 19.5 44.8 20.4 

 














































































































