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Potato (Solanum tuberosum L.) is an important crop in Japan with the consumer demand exceeding
domestic supply. Despite the investments and expertise that goes into potato production in Japan, the
productivity is quite low compared to major world potato producing countries like USA and New
Zealand. Given the availability of suitable climatic and soil conditions for potato production, consumer
demand for processing potatoes, and the desire for self-sufficient in potato production, there is a need to
increase potato productivity. This study was conducted to understand the potato crop and
soil-environmental factors that limit yields that will help to guide formulation of better management
practices to improve productivity. In addition to yield, processing potato tubers are required to satisfy
special quality requirements such as high specific gravity and less physiological defects such as
blackspot bruise. In this regard, the study assessed the status and relationships of soil N, P, K and Ca
content and its respective tuber nutrient content. The study also evaluated the influence of
aforementioned nutrients contents in potato tuber on its quality.

In present study, paired soil and tuber samples were collected from 170 farmers’ fields in Tokachi
and Kamikawa districts in 2013 and 2014 growing seasons. The districts were purposely selected for the
study because they are among the major potato producing districts in Hokkaido, accounting for almost
50% of the total production in Hokkaido. And also, the districts have contrasting soil types, Tokachi
district is dominated by volcanic ash derived soils known as Andisols whilst Kamikawa district is
dominated by soils of pyroclastic flow deposit origin classified as Inceptisols. The soil samples were
collected at flowering stage while tuber samples were collected at harvesting time. Soil samples were

analyzed for soil available nitrogen and phosphate, exchangeable calcium and potassium. Other soil



properties were also assessed. Total carbon, phosphate absorption coefficient and acid oxalate
extractable aluminum. In order to gain information on the current application rate of fertilizer, we
conducted interview with the participating growers for each selected field.

For tuber samples, we measured the weight of tubers and specific gravity for the calculation of
tuber yields and starch content at harvest, and kept in cold storage. We then dried and ground the
samples, and wet digested the samples using sulfuric acid/hydrogen peroxide and quantified P, K, and
Ca using inductively coupled plasma atomic emission spectroscopy (ICP-AES). Tuber N concentration
was assessed on ground samples and the measurement was undertaken using a dry combustion method.

We found that potato processing cultivars have different yield components that reflect their
inherent physiological differences. We also found that within a cultivar stem number significantly
differed across soil types (Chapter 3). Stem numbers were greater in the Kamikawa district where soil
available N, P, and K were greater but exchangeable and water soluble Ca were lower than Tokachi the
district. Stem numbers were greater in the Kamikawa district where soil available N, P, and K were
greater but exchangeable and water soluble Ca were lower than Tokachi the district. Past studies have
shown increase in stem number per plant with P fertilization that was accompanied by increase in
number of tubers per stem. Other studies have found that Ca application can result in a decrease in the
number of tubers per plant and an increase in tuber size. Delay in planting of potatoes by two weeks in
in 2013 in Kamikawa district may have also contributed to differences in stem numbers. Advanced
seed-tuber age accelerates plant emergence, establishment and decreases the dominance of apical
growing points that result in increased number of stems.

Generally, cultivars with more stems produced more tubers per plant, and increase in tuber number
per plant was associated with an increase in the number of undersized tubers. Production goals of
processing potatoes require optimizing tuber sizes of specific size category to maximize finished
product yield and profits for both growers and industry. Growers in Hokkaido can optimize marketable
yield by regulating number of stems per plant that influences tuber size distribution. This can be
achieved by using more juvenile potato seed tubers that produce less stems. Use of potato seed tubers
with high calcium is necessary for growth of the apical meristem of the sprouting stems that prevents
loss of apical dominance.

Although tuber yield of Snowden was relatively high, its specific gravity was significantly affected
by low in Tokachi due to high organic matter that may have led to more N uptake that in turn affected
specific gravity. In contrast, the performance of Toyoshiro in terms of high specific gravity was good in
both locations that in part explain the reasons for its continuing popularity of this cultivar in Japan. This
information is therefore, important to breeders, physiologists and agronomists who are interested in
improving performance of potato crop across different environments. This information is also very

important to growers to carefully select cultivars adapted to a given locality to maximize both yield and



quality.

Generally growers believe that potatoes show large response to NPK fertilizer rates and this has
justified large inputs even on soils with large amounts of available N, P, and K nutrients. In chapter 4,
we found no yield response to soil available nutrients and in-season N, P and K fertilizer applications.
The observed lack of yield response in the current study was attributed to high availability of N, P, and
K in the soil that obscured the relationship between yields and fertilizers. The results suggested that
under high soil available NPK, addition of NPK fertilizers does not increase yields. Excess application
of fertilizer is unnecessary cost to the farmer because it has no positive impact on yields.

High soil available NPK led to luxury absorption of the nutrients by the potato crop that did not
translate into yields. We do not have an exact explanation as to why high available N, P, K in the soil
was positively related to tuber N, P, and K concentration. The results study suggest that, in general soil
available N, P, and K increases tuber N, P, and K concentrations and tuber N and K concentrations can
reduce specific gravity. For potato processing, specific gravity ranges from 1.080 to 1.089 are desired
for high quality potato chip products. Our results show that 53, 12, 8 and 22% of sites (farmers) of
cultivars Andover, Toyoshiro, Kitahime and Snowden, respectively, had specific gravity lower than
the required range for processing. Interestingly, high proportion of fields with specific gravity
lower than the recommended range was observed in foreign cultivars (Andover and Snowden). Our
resulted suggested that application of N, P, and K fertilizers in excess of recommended rates on soils
that are already rich in these nutrients does not increase tuber yields. Farmers need to apply fertilizers
based on recommendation to reduce the potential environmental degradation associated with excessive
fertilization.

Bruise-free and high specific gravity tubers are desired by chip processing industry for good
quality products. However, there may be a conflict in achieving these goals because high specific
gravity tubers are easily bruised due to high starch granules that increases the potential of physical
damage to the membrane. Past studies have provided evidence of the role of Ca to reduce incidences of
blackspot bruise. We found 81 and 76 % of soils collected from Tokachi and Kamikawa district,
respectively, were deficient in Ca level. This showed a severe deficiency of Ca in the soil for adequate
growth of potatoes. Growers tend avoid application of Ca containing fertilizers. Tuber Ca content was
lower than the reported value (250 mg kg™) considered mitigating incidence of bruise. There was
evidence in our study that incidence of bruise can be mitigated by increasing tuber Ca concentration.
Apparently, incidences of bruise were also influenced by specific gravity. The results show that tuber Ca
concentration can be improved by increasing soil Ca levels. There is an urgent need to ameliorate soil
Ca deficiency through application of Ca fertilizer.

In chapter 6, our study suggested that slope direction must not be excluded as a parameter that

influences soil properties and crop yield. Potato tuber yield may be influenced by in-coming solar



radiation that accelerates the process of photosynthesis. It is important to incorporate the topographical
effects when we consider SOM dynamics both for agricultural production but for considering the
environmental impacts. Also, it is fundamental to consider factors that are known to determine yield
potential before soil factors including solar radiation, temperature, and cultivar features when we

conduct research into the relationship between soils and crop productivity.
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