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18891803 139.2 0.5 0.5 12133.8 0-04 0.01
1890~1804 265.5 1.0 93 15605.8 0.05 9-01
1891 ~ 18 428.3 1.7 . 20491.0 0.07 -
1892~ 1896 609.0 24 0.7 26357.8 0.09 0-02
1893~1897 8501, 34 9 312920 0.11 9.02
1894~ 1898 964.9 3.8 o4 110476 0.14 0-08
1895~1899 1055.5 12 9.4 51002.0 0.18 0.04
1896~2900 1117.6 44 9-2 56117.8 0.20 9.06
1897~1901 1177.0 46 9.2 77470 6 0.27 9.07
1898~1902 1144.1 45 1 1029092 0.36 0-09
18991903 11785 4.7 0o 122819 8 0.43 0o
1900~1904 11973 4.7 9.0 1440440 0.51 08
1901~1905 1950.8 4.9 04 200320.8 0.70 8-15
1902~1906 13183 5.2 93 247338 6 085 512
1903~1907 U717 5.8 0.6 204465, 4 1.03 9-18
1904~1908 1778.9 7.0 1.2 330391 .8 1.16 0-13
1905~T909 2185.8 8.6 1.6 382043, 2 1.85- g.18
1906~1910 26364 10.4 3.8 577604.8 2.03 0-19
1907~1911 3171.8 12.5 2.1 670270 0 3.35 9.68
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1912~1916 5185.1 20.5 05 792439.6 2.78 0.15
1913~1917 5759 4 92.7 . 835366. 4 2.93 0-1
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STUDIES ON THE CONTROLLING FA CTORS OF THE APPLE
PRODUCTION AND FORECASTING
OF THE PRODUCTION I

SUMIO FUKUSHIMA
(Aomori Apple Experiment Station)

SUMMARY

Introduction.

Apple growing in Aomori has its origin in some apple nursery stocks, which the central government
distributed to Aomori Prefecture in 1875. During the ninty years from that time to the present, apple
growing has shown such prosperity as to become one of the chief industries of Aomori, having an area of
about 25,000 hectare and a production of 30,000,000 boxes of apples. However, there are many problems
awaiting solution for further development of the industry. The author feel that the fluctnations of yearly
crops are also one of the important problems in the apple industry.

The aim of the experiments reported here and in the second series has been to clarify the causes of
fluctuation of the apple production in Aomori in order to setdle the preventive ‘measures, and, in addition,
to establish the method of forecasting apple crops.

In the series of experiments, the causes of fluctuation in the total production of apples in Aomori for
the years 1889-1963 were studied.

Chapter 1. The controlling factors of the total prodution of apples in Aomori.

1. The relation of the total area of apple culture and produciion.

{1} Based on the five year moving averages of areas and production of apples in Aomori for the years
1889-1963, the relation of the areas of apple culture and the production was investigated.

(2) The area was put back in order against the production from the corresponding years up to 31 years
ago, and the correlation for each of the combination drawn by putting back was determind. As the
results, the correlation coefficient was heighest when the area was put back seventeen years (r=
0.9824%%%), However, the correlation coefficients obtained, suggested that the reliable range was from
four-year putting back of the areas to the productions (r=0.9048%%%), to thirty-year puting back (r=
0.8219%%%), Taken in connection with the relationship of the differences hetween the exponents of
the areas and those between the exponents of the productions, it is presumed that the increase of the
apple production in Aomori depends upon the trees from five to thirty one years old.

2. The historical research of fluctuations of the apple production.

(1) A historical research was made in order to bring light on the causes of fluctuations of the apple
productions in Aomori for the years 1889-1963.

(2) In the comparison between the deviations of the annual crops from the five year moving averages
and those trom the correlation of the logarithms of crops and the ranks of years as the method
of expression for the index numbers of the annual crops to the corresponding normal crops, the
former mostly corresponded with descriptions of crop conditions in historical materials.

{8) The standard deviations from the normal crops for each year differed in eras, that is, the one for the
Meiji era (1889-1911) was +30.66, the one for the Taisho era (1912-1925) was35.90, and the
one for the Showa era (1926-1961)was+25.00, resulting in lesser fluctuation of crops in the era
when orchard practices were advanced.

(4) The most important cause of the crop fluctuation in Aomori was the moniria disease. There were
few occasions of poor crops attributable to the lack ot flower huds, excepting the year 1951. However,
where the lack of flower buds and the moniria disease broke out in the same year, the consequences
were remarkable failure of the crops. It is understood that strong winds will also be a factor for the
crop fluctuation, if it comes in the early stage of the growth of apples.
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(3)

{4)

(5)

(6)
4.

(1)

(2)

i)

Damage from snow, frost and hail seems to he regional factors of the crop fluctuation, while these
are not important for the fluctuation of the total production.

The relationship of the numbers of sunspot to the fluctuation of the apple prduction.

The relationship between the numbers of sunspot to the tluctuations of the apple production was
examined for the years from 1889 to 1963.

The period from a minimum of production to the next one, was mostly five years, ranging from three
to seven years. Within these periods, the peried from the minimum of crop to the maximum of crop
was mostly two years and the period from the maximum of crop to the minimum of crop was three
years.

Concerned with the relationship between the maxima and minama of sunspot numbers and crop
conditions, poor crops occured centering around the minima and maima and midways of the decreasing
periods of sunspot numbers; resulting in more numbers of poor crop around the minima of sunspot
numbers. Most of the rich crops occured two years after the maxima of sunspot numbers. Heavy crops
especially occured two or three years before the minima of sunspot numbers.

There is a strong tendency that the apple production decreases in accordance with the decrease of the
numbers of sunspot. However, the marked differences of crop conditions were ohserved in the years
that the numbers of sunspot were less than 40 or 50. The crops of apples exhibited a tendency to
decrease slightly in the cycle with more sunspot numbers at the maxima in contrast to the cycles with
less sunspot numbers at the maxima.

There was observed a conspicuous similarity between the figures of fluctuations of the apple production
drawn by the deviations of the annual crops of apples, to every five year moving average of the
apple crops, and the figure of sunspot drawn by the deviations of the annual sunspot numbers to
every five year moving average of sunspot numbers.

The poor crops of rice and of apples seldom accured in the same year.

Fluctuation of the apple production caused by hiennial bearing character.

Based on the deviations of the annual crops from the normal crops of every year, an attempi was
made in order to clarify the relation of the crops of preceding year, the total crops of the preceding
two years, the total crops of the preceding three years, and the total crops of the preceding four
years to the crops of every current year.

The correlation coetficients between the crops of every current year and the crops of every preceding
years, the total crops of the preceding two years, of the preceding three years, and of the
preceding four years, were -0.5199%* ~0.5733%% -0 6187**and-0.1835, respectively.

The reason why close relationships did not exist between the current crops and the crops of preceding
vears may be due to the fact that the fluctuations of apples in Aomori are due not only to the natural
biennial bearing character, but also conditions of location of apple planting, the ratio of varieties
and of trees of different ages, change of farming methods, elimatic conditions, and occurences of pests
and diseases, etc, etc.






