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ABSTRACT: Climate change impacts agricultural production, especially fruits. Amongst fruits, the grape is economically valuable
and highly affected by climate change. Therefore, climate adaptation strategies are essential in overcoming the detrimental effects
of climate change on grape cultivation. The study summarises adaptation strategies for grape cultivation in general and focuses on
climate change. The Yamanashi prefecture in Japan is taken for the case study. Our findings indicate a decline in grape production
in Japan and Yamanashi prefecture. This is attributed to the effects of climate change. Following this, various support measures
(adaptative, mitigation, others) provided by the Yamanashi government towards grape cultivation are summarised and analyzed.
The study concludes by offering recommendations by drawing lessons from the literature review on adaptation strategies for grape
cultivation, focusing on overcoming climate change impact in the context of Yamanashi prefecture.
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1. Introduction

A growing population is driving the demand for global food production. By 2050 to feed the 9 billion people, the
world will need 70% more food. The situation is becoming even more challenging with the climate extremes and
uncertainties impacting agriculture extensively. The problem context is two sides of the same coin. While agriculture
faces negative impacts from climate change, it is also a driver of greenhouse gas emissions as it contributes 19-29% of
the total emissions [1].

According to Japan’s Cabinet Office 2021 statistical data, the Japanese aging population rate is 28.8%, the highest
in the world [2]. At the outset of Japanese economic and social growth, the number of workers in the agriculture sector
and the GDP share of the agriculture and allied industries have been drastically shrinking. Employed persons in the
agricultural field dropped to 2.13 million in 2020 (3.2%) from 5.77 million in 1980 (10.4% of the total employed
persons). Adding to the problem is insufficient youth participation in the agriculture sector, who perceive the work to
be highly labor-oriented but low-income. Conversely, agriculture’s share of GDP reached 1.0% in 2020 from 3.6% in
1980. Also, the cultivable land area had shrunk drastically from 6.09 million hectares in 1961 to 4.35 million in 2021
[3]. According to the Ministry of Agriculture, Forestry, and Fisheries, in 2017, Japan could only produce 38% of food
consumed on a calorie basis.

With Japanese agriculture facing many such problems, the need of the hour would be to develop technologies that
will efficiently save labor and minimize resource utilization to meet the food demand through sustainable agriculture.
In 2020, the Japanese government declared carbon neutrality through its green growth strategy by 2050, which includes
achieving zero carbon emissions from the agriculture, forestry, and fisheries industries [4]. Climate Smart Agriculture
is an integrated approach to solving the climate problem and attaining sustainable food security by inculcating increased
productivity, enhanced resilience, and reduced emissions while relying primarily on existing knowledge [1].
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The Japanese government encourages innovative agricultural practices with nationwide project initiatives [5,6].
Japanese government official considers raising farmers’ income crucial in reviving Japan’s 9.3 trillion-yen farming
industry. In addition, there is a focus on improving the export of high-quality Japanese fruits, as there is a high demand
in the foreign market, especially the Asia-Oceania market. This is anticipated to stabilize farmers’ income.

Vegetables, fruits, and flowers constitute horticultural crops and contribute to 40% of Japan’s agricultural produce.
It has been reported that 85% of new farmers are attracted to horticulture cultivation as there can be turnover with high-
value-added products [7]. Japan is facing the impact of global warming due to climate change. Its temperature has risen
by 1 degree Celsius over the last century. The temperature changes in Japan have already impacted Japanese agriculture
in many ways. Looking at the Hokkaido region, global warming has positively impacted rice cultivation; conversely, it
has negatively impacted fruit cultivation. For instance, the color of grapes had not turned to its usual red, and peaches
with brown flesh [8]. Skin coloration is an important attribute that determines the quality of fruits. The temperature
changes due to global warming adversely impact the color of the fruit during its skin coloring and development stage.
The abnormal coloration in grapes is because anthocyanin formation is affected by high temperatures, affecting the
quality of fruits [9]. In addition, there is a clear temperature response not only during the growing season but also during
the dormant season, which means that fruit trees are affected by global warming all year round [10].

According to a survey conducted by the National Agriculture Food Research Organization (NARO) to study the
impacts of climate change on Japanese agriculture, 100% of respondents from all 47 prefectures reported an effect on
fruit cultivation, while 90% on vegetables and flowers, 70% on paddy rice cultivation and only 40% on wheat, soybeans,
and livestock. Research studies have highlighted the importance of adaptation technigues against temperature changes,
especially for fruits. This is of high importance when we focus on the economic viability of fruit cultivation wherein
fruit trees are not transplantable, the sowing window cannot be changed, and the same tree produces for a decade, unlike
other crops [11]. Therefore, the effects of climate change are likely to accumulate within the trees.

From that respect, the current study tries to address the following research question:

1. How does climate change impact grape production in Japan and Yamanashi?

2. What are the support and policy measures the Yamanashi government provides to overcome climate change’s
impact on grape production?

3. Evaluating the current measures of the government and drawing lessons from the literature review, what
strategies could further help grape production for adaptation to climate change?

This paper identifies the impact of climate change as a crucial factor in affecting agricultural produce, especially
fruits and grapes. More specifically, the study highlights the growing need to adopt suitable adaptation strategies as a
countermeasure to the climate crisis. Taking the case of Yamanashi prefecture in Japan, it was analyzed how, over the
years, there has been a decline in grape production and a shrinking in acreage. The study identifies that the frequent and
unpredictable weather conditions, including typhoons, floods, continuous rainfall, insufficient sunshine, and strong
winds in Yamanashi, has been detrimental to grape cultivation, resulting in discoloration of sunburned and disease-infested
grape. The study concludes by providing a few recommendations to cope with climate change for grape cultivation.

2. Approach and Methodology

To address the research question mentioned above in the introduction section, firstly, an online literature review
search was performed. Yamanashi prefecture in Japan was chosen for the case study as it is an essential fruit-producing
region. Fruits like grapes, peaches, and plums are widely grown in the area. Considering the high economic importance
of grapes and also because it belongs to the fruit category that is significantly affected by global warming, Grape was
selected for the study. The research aimed to identify any gap in the promotion of climate-resilient measures by the
Yamanashi government toward grape cultivation in the region.

The keywords used during the literature review and online tracking of articles and websites are as follows: climate
change impact on fruits, climate change impact on Grapes, Adaptation strategies for Grape cultivation, Yamanashi
Grape cultivation. Thousands of articles, research papers, Japanese government reports, and other technical reports
appeared during the search. Japanese Language reports were selected based on their suitability to research objectives.
The inclusion criterion was set in two stages. In the first step, abstracts were read, and articles were placed on the
waiting list. The papers were later prioritized after reading them in their entirety to decide if it has to be selected or
discarded. Then, the articles were saved in the free online referencing software Mendeley. For the final study, 30 articles
that met the below criterion were selected for analysis.
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I. (ALL = (Climate Change))

Il. AND (ALL = (FRUITS)) OR (ALL = GRAPEYS)))
I1l. AND (ALL = (Climate change Adaptation Strategies)
IV. AND (ALL = (JAPAN)) OR (ALL = YAMANSH]I)))

The study provided significant insights into grape cultivation in Yamanashi prefecture and the support measures undertaken
by its government in addressing the impacts of climate change on grape production. This helped identify steps that could be
further taken in this context. There are four sections in the research paper. The first section discusses fruit farming in Japan and
smart agricultural practices, the impact of climate change on grape cultivation, and adaptation strategies for the grape to climate
change under literature review. The second section justifies choosing Yamanashi prefecture in Japan as the study area. The third
section analyzes the declining trend of grape production in the context of Yamanashi and Japan and the support measures for
grape cultivation taken by the Yamanashi Government. Finally, the study concludes by providing recommendations and
emphasizing the importance of applying adaptative strategies for grape cultivation to cope with climate change.

3. Literature Review
3.1. Fruit Farming in Japan & Smart Agricultural Practices

Fruit farming is highly labor extensive work. Against the background of Japanese agricultural labor shortage, most
work, such as seedling cultivation, planting, monitoring, harvesting, and shipping, is done manually in horticulture. For example,
compared to rice cultivation, strawberry farming would need 2019 hours per 10 a., which is 80 times that of rice [12].

Deploying innovative technologies in horticulture looks to have a promising future and is also a solution to address
labor shortages. Next-generation horticulture will use smart farming technologies and is expected to evolve into an
automated and optimized system ranging from seedling cultivation to a supply chain. The trend in greenhouse
horticulture is toward smart greenhouse farming. Smart greenhouses are calibrated to provide nearly accurate data
readings with the help of sensors and IoT. The data can help customize the amount of water, light, and carbon dioxide
needed for the plants. The fruitfulness of deploying smart greenhouses has been evident from large harvests and high-
quality fruits [13].

The application of Robots in weeding, crop monitoring, yield estimation, harvesting, and in-field transportation has
been researched extensively and identified to have potentials and shortfalls that must be addressed. Artificial intelligence
is deployed for transforming data into information that can be helpful to fruit growers to make informed decisions.

A research study [14] about persimmon fruit cultivation in Nara points out a reduction in labor and work time, an
increase in farm income, and high-quality fruits while implementing smart farming machinery during various stages
(weeding, pest control, harvesting) of the farming. However, the research gap mentioned is to identify the economic
validity of introducing such innovative farming machinery.

3.2. Impact of Climate Change on Grape Cultivation

As depicted in Figure 1, a fruit tree is classified under two types based on global warming and its effect on fruits.

Type 1: Earlier development type (pears, peaches, and apricots). In these species, global warming has expedited
both flowering and fruit maturation processes.

Type 2: Prolonged development type (apples, persimmons, and grapes). For these, global warming has only
hastened the flowering stage, without affecting the duration of fruit development [15].

Trees where flowering and harvesting are accelerated due to temperature change fall under the earlier development
type. This is indicated in Figure 1. though two red arrows, which implies flowering and maturation had accelerated. On
the other side, fruit trees like grapes whose flowering cycle is accelerated due to temperature change, but harvesting
does not come under prolonged development type. This is also indicated in Figure 1 through one red arrow mark, which
implies flowering has only accelerated. Research evidence and results show that the impact on the fruit quality of the
prolonged development type (grape, persimmons, apples) is more prominent than those of the earlier development type.

Grape is also one of the most important fruits in the world economically. It has the most extensive acreage when
compared to other fruits. The production and quality of grapes can be affected by environmental factors such as high
temperature making it the fruit highly susceptible to climate change [16]. Climate change also affects grape cultivation
through the entire lifecycle of the plant: budding, flowering, grape set, and maturing can happen early, the complete
management process is hit, the impact of pests and diseases, the immune response of the plant, etc. The effects of high
temperatures on grapes include poor coloration, delayed coloration, sunburned grapes, the occurrence of damaged
grapes, poor germination, frost damage, and cracked grapes.
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Earlier development type (Japanese pears, peaches and Japanese apricots)

Before Fruit developmental period
d—— ——
After Fruit developmental period
Flowering had accelerated Maturation had accelerated

Prolonged development type (apples, Japanese persimmons, grapes and satsuma mandarins)

Before ' )
Fruit developmental period
e
After Fruit developmental period
Flowering had accelerated Maturation had not accelerated

Figure 1. Tree species have been classified into two types based on the responses of fruit development to recent warming trends.
By authors, from source: [15].

The quality of grapes can be affected in the following ways: high sugar content, low acidity, the authentic taste of
the fruit, and discoloration problems [17]. In particular, the deterioration of appearance quality affects the selling price,
leading to a decline in growers’ income and the production area brand, so adequate measures are required [18].

Against climate impacts and extreme weather events, climate-smart practices and technologies for risk reduction
focusing on grapes, as recommended by Food and Agricultural Organizations of the United Nations, is to protect the
crop with greenhouses encompassing simple structures, helping for an early or late harvest as suitable. This method has
been implemented, and benefits have been reaped in Sicily and Puglia, Italy [19].

3.3. Adaptation Strategies for Grapes to Climate Change

The paper [20] discusses the impacts of climate change on viticulture. On the other hand, [21] discuss the various
adaptation strategies employed worldwide for vineyard cultivation against climate change. The adaptation strategies are
classified into short-term and long-term. Water status, phenology, yield, berry composition, and freshwater ecosystem
are the five main outputs on which the effects of the adaptation levers could be categorized. Short-term adaptations
include soil, canopy, Irrigation, Harvest, and post-harvest management. Long-term adaptations are vineyard design,
plant material, farm strategy, and site selection. There are positive and negative aspects to each of the adaptation
strategies. Therefore, a mix of short-term and long-term adaptation strategies is recommended. The mix should be based
on the local environmental conditions and opportunities.

In [15], the adaptation of fruit trees to climate change has been discussed under three stages.

Stage 1: Avoidance and tolerance of high temperature through the use of production technology

Stage 2: Cultivar selection and breeding

Stage 3: Movement of Production areas

Under Stage 1, the temperature of the fruit can be controlled by controlling the temperature of the tree itself. Fruit
trees like grapes develop color before mid-summer. The two long-term adaptive measures against discoloration for
grapes grown in an open field, such as cultivation under cover and using a superior-color cultivar, all results in the
phenological shift. By implementing plastic greenhouses, we can induce a coloring period in grapes by creating a low-
temperature situation. This is considered an effective technique in causing coloring in grapes [22]. Girdling is another
technique whereby fruit color can be increased by boosting photosynthesis pigments in fruits without impacting the
number of fruits per tree field [23].

Under Stage 2, some new cultivars of grapes adapted to warming that has been developed are “Queen Nina,” “Gross
Krone,” and “Shine-muscat” without coloring problems. And under Stage 3 it is predicted to move the cultivation of citrus
fruits, persimmons, and grapes from the current sloping lands to higher altitudes in the future.
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Ref. [24] Provides a comprehensive review of various adaptation techniques focusing on delaying grapevine
ripening, as it is the main detrimental effect because of climate change faced by grape cultivators. It states that adopting
a combination of more than one adaptation strategy to just practicing one will help delay the ripening process from a
few days to a few weeks. Ref. [25] reviews the effect of climate change on grape’s phenology, physiology, and
biochemistry. Moving to higher altitudes for grape cultivation has been proposed as an adaptation strategy after
thoroughly evaluating and examining climate change’s positive and negative effects on grape production at higher
altitudes. Ref. [26] Highlights the need for winemakers to resort to environmentally sustainable cultivars to traditional
cultivars. The importance of developing and adapting to new cultivars that exhibits resistance and climate change
adaptation. Ref. [27] presents ecophysiological modeling and advancing knowledge of genetic traits as critical factors
for successfully adapting grape cultivation to climate change. Ref. [28] supports employing smart technologies such as
Artificial intelligence, different sensing technologies, and robots to make more informed decision-making processes
and mitigate climate change in grape cultivation. It presents various case studies that prove such practices are
environmentally and economically sustainable. Also, the outcome of such practices shows socio-economic benefits for
grape cultivators at all scales by managing efficiency, reducing input costs, and, ultimately, a better product. Ref. [29]
presents a research gap and encourages future research to focus on optimizing the profitable and sustainable production
of high-quality grapes, addressing important climate change issues, global competition, and shifting consumer
preferences. [21] observed that regarding evaluating strategies for adaptation to climate change in grape cultivation,
climate data sources were not appropriately considered, and climate uncertainty was not considered mostly.
Additionally, the paper highlights a research gap in assessing the economic impacts of adaptation at the farm scale.

4. Study Area
4.1. Yamanashi Prefecture and Grape Cultivation

Fruit farming, including grape farming, is the core of the agricultural produce in the Yamanashi region. Table 1
below details fruit ranking in Yamanashi prefecture based on their yield against the national output. Fruits like grapes,
peaches, plums, and karin hold the first position. Grape holds the first rank in Yamanashi, with a harvest amount of
about 41,800 tons, 23.93% of the total national yield.

Figure 3 below provides details of grape production in Yamanashi prefecture [30] during the last ten years and its
corresponding cropping acreage. The production details are marked with time (2011-2020) on the x-axis, while the
hectare land area is plotted over the y-axis.

Gumma Ibarak/

Nagano Saltamak/g
Yamanashl gy CH
KanagavV
Sh/zuoka

Figure 2. Location of Yamanashi prefecture in Japan. Source: [30].

Table.1. Ranking of Fruits in Yamanashi Prefecture. Source: [31].

Rank Fruit Name Yield Percentage (Share) National Yield
First place Grapes 41,800 tons 23.93% 174700 tons
First place Peaches 39,400 tons 34.81% 113200 tons
First place Plum 7820 tons 33.85% 23100 tons

Third place Cherries 1080 tons 5.97% 18100 tons
Third place Nectarine 205 tons 12.22% 1678 tons

Fourth place Karin 19 tons 20.54% 92.5 tons
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Figure 3. Trends in Grapes Harvested and Area Cultivated in Yamanashi Prefecture. By authors, with source: [32].

Figure 4 below helps visualize the contribution of Yamanashi prefecture’s grape production against Japan’s grape
production during the last ten years. Yamanashi’s grape production ratio is marked with time (2011-2020) on the x-

axis, while the hectare land area is plotted over the y-axis, and the bar graph represents Japan’s contribution.
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Figure 4. Trends in Japan’s overall grape harvest and Yamanashi Prefecture’s share of production. By authors, with source: [32].

Yamanashi is also important with its significant contribution to the wine-making industry in Japan. In addition, it
is the top wine region and is famous for its wine tourism, as shown in Figure 5.

Figure 5. Production volume of Japanese wine by type and composition ratio of the top 6 prefectures. By authors, with source [33].
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4.2. Different Varieties of Grapes in Yamanashi Prefecture

Table 2 presents five varieties of grapes that have been experimented with and registered by the Yamanashi Fruit
Tree Experimentation Institute in the past, as well as their hybrid combination and characteristic.

Table 2. Different Varieties of Grapes in Yamanashi Prefecture. By authors, with source [34].

Variety Hybrid Combination Characteristic
Kai Bran Koshu xPinot Blanc Cold resistance
Sansemillon Fuefuki ><Se_m|IIon (Glow Cold resistance
Semillon)
Fuefuki Mills < Angelo Pilobano The yield is 2.2t or more per 10a
Very productive
Neo Alicant Delaware xBailey Alicant cold reSIStar_me and disease
resistance
Kai Mirei Red Queen xKoshu Sanshaku Shelf life is very good.

5. Results and Discussions
5.1. Declining Grape Production in Japan

The statistical data on grape cultivation and production in Japan from the Ministry of Agriculture, Forestry and
Fisheries reveal that there has been a severe decline in terms of cultivation area, harvested volume, and shipment volume
over the years since 1973 [35] which is presented in Figure 6a—c.
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Figure 6. Planted area, harvested volume, and shipment volume over the years since 1973. Source: [35].

Additionally, evidence from studies shows that the average grape cultivation area per household has only slightly
increased from 34a in 2000 to 40a in 2015. As a result, Japanese grape farmers have found it challenging to increase
their income profits by increasing the scale of grape cultivation. Instead, they have selected grape breeds priced better
and easy to cultivate [36].

Between 2005 and 2015, it was observed in Japan that along with a declining number of fruit-growing farmers,
there was an increase in the number of farmers over 60 years of age practicing fruit farming. The statistics depict that
fruit tree farmers decreased by 20%, while farmers aged 60 and over increased by 16% points and reached 80% [37].
As discussed in Section 3.1, since fruit farming is highly laborious work and the work hours incurred in fruit cultivation
are exponentially higher than other agricultural produce such as rice, this could be the evident reason for the decline in
grape farmers and cultivation areas in Japan. Though studies point out the merits of deploying innovative technologies
like smart greenhouse horticulture, their economic viability and ease of adoption amongst aging farmers must be facilitated.

The Ministry of Agriculture, Forestry, and Fisheries (MAFF) has conducted a survey from time to time on the
effects of climate change and global warming on agricultural products. While looking at the impact of global warming
on fruits, especially grapes, during the year 2021, the findings are as below: [38]

e  Poor and delayed coloring was the most severe reported problem
e  During rainy days in summer, sunburned grapes and cracked fruit due to heavy rainfall were the reported concerns.
e  Very similar concerns have found to be reported in the year 2020 as well.

According to the 2017 and 2021 global warming impact study reports, Table 3 represents climate change’s effect
on grape production.

The significant phenomenon reported is the discoloration of grapes, sunburned, cracked, and not matured grapes.
Based on these affected categories and the leading cause, such as high rainfall, low rainfall, and high temperature, the
number of prefectures impacted throughout Japan is presented from 2017-2021.
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Table 3. Climate change’s effect on grape production. By authors, with source: [39].

CurrentClimate 01\ o015 2016 2017 2018 2019 2020 2021  Crrecton Quality Main Cause
Change Impacts and Yield
Poor coloration High temperatures and heavy rainfall
; 6 12 15 25 22 20 20 20 Decline in quality and yield  during fruit ripening and harvesting period
delayed coloration
(June-September)
High temperatures and less rainfall during
Sunburned grapes 4 4 5 1 7 7 6 8 Decline in quality and yield  fruit ripening and harvesting period (June-
August)
_ L . . Heavy rainfall during fruit ripening and
Cracked grapes 2 1 1 1 0 6 5 Decline in quality and yield harvesting period (July-September)
Poor Decline in quality and yield  Lack of low-temperature exposure due to
__ 1 2 3 2 0 1 2 2 and Variation in timing of high temperatures during dormancy and
germination . - -
agricultural work germination period (October-January)
Frost damage - - - 1 1 1 1 2 Decline in quality and yield Low temperatures from germination to

leaf unfolding period (March-April)

5.2. Declining Grape Production in Yamanashi

Observing the past ten-year trend, grape production and cultivation have decreased by 18% and 4% in the Yamanashi
Prefecture. The report [40] attributes the decline in grape production volume in Yamanashi prefecture to two main reasons.
Firstly, lack of successors to continue grape cultivation and the aging proportion of farmers. Both factors are because of
the changes in the sales environment, continued decreased farm income, and increased management costs. Secondly, recent
climatic events in Yamanashi prefecture, like heavy snowfall in 2014 or the hailstorm in 2022, have been mentioned as the
reasons for causing diseases in grapes like bacterial disease and grape late rot, significantly affecting the production volume.
Also, the annual mean temperature of Yamanashi prefecture has gradually been increasing over the years, as shown in
Figure 7. As discussed in Section 3.2, grape falls under the prolonged development type of fruit, which is the most impacted
by global warming and increasing temperature. The grape is affected through the entire lifecycle because of climatic
stressors; as a result, not only the appearance of the fruit but the quality of the fruit deteriorates. Additionally, damage
caused by wild birds and animals in the mountainous area of Yamanashi prefecture has also been listed as the reason.

Average temperature of year

17.0

Trends =2.2 ('C/100 Year)
165 | 1
160 |
155 |
150 |
145 |
140

135

Temperature (‘C)

130

125
120 + 4

Japan Meteorological Agency

115 - - A - e : - .
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Years

Figure 7. Average temperature of Yamanashi. Source: [41].

5.3. Support Measures for Grape Cultivation — Yamanashi Government

The Yamanashi government has introduced support measures such as consultation, loans, subsidies, etc., to meet
the needs of the farmers who are just about to start cultivating wine grapes, medium and small-sized wineries in the
prefecture. Furthermore, to tackle the various problems such as climate change and its effects on fruits, such as affected
grape quality, the various support measures taken by the Yamanashi government are enlisted as below:

(1) Strengthen the Yamanashi brand.

(2) Strengthen the production base for high-quality fruits

(3) Strengthening the ability to respond to risks such as disasters and pests
(4) Securing and cultivating business leaders

(5) Promoting the sixth industrialization Promotion
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In 2020, Yamanashi Prefecture became Japan’s first to participate in the United Nations “4 per mill initiative”, a
mitigative measure against climate change and global warming. The 4 per mill initiative was introduced to encourage
growers to sequester carbon in the soil, thereby significantly nullifying the carbon dioxide emitted to the atmosphere.
The initiative was first conceptualized in 2015 when it was introduced at COP21(the 21st Conference of the Parties to
the United Nations Framework Convention on Climate Change. As of September 2022, 623 countries, including Japan,
have tuned out to be participants in the 4 per mill initiative. The initiative is targeted to increase the amount of carbon
in the soil by 4 per mil (0.4%) every year, substantially reducing the amount of carbon dioxide emitted into the
atmosphere due to human economic activities to virtually zero [42].

The Yamanashi prefectural government has been focusing on adaptative measures against the impact of climate
change on grape production, including developing new breeds and technologies to respond to climate change. The
Yamanashi Prefectural Fruit Tree Experiment Station participated in the project involving developing new grape
varieties that are early breeding. The new types introduced are “Colline Welt,” an early white wine grape variety in
response to the damages caused by typhoons, and “Ryouka,” a grape variety with good coloring that withstands high
temperatures [43].

The other existing smart agricultural practices in the Yamanashi region for Grape cultivation use an Al forecasting
Kit to predict agricultural disease outbreaks. This has been effective in controlling pests and using minimum pesticides.
In addition, drones are being used to spray pesticides on grape trees. This is observed as an effective way to deal with
the labor shortage. As discussed in Section 3.3, deploying smart technologies like Al could address the multifaceted
problems in grape cultivation, such as labor shortage, climate change, and environmentally and economically
sustainable decision-making. This can also fetch socio-economic benefits for the grape cultivators by enabling a
reduction in input and management costs and resulting in a better product.

6. Recommendation

To have more grape producers adapt and practice climate-related technological intervention, the facets of the
solution should be affordable, rapid, simple, accurate, precise, and integrated with data-gathering platforms. In other
words, we need a few minimum requirements for maximum adoption [44].

The climate trend in the Yamanashi prefecture denotes frequent and unpredictable weather conditions, including
typhoons, floods, continuous rainfall, insufficient sunshine, and strong winds, all affecting agricultural produce,
particularly grape production. These necessitate an increasing need for reliable and precise climate and ecological data
for grape producers to devise appropriate adaptation strategies toward grape cultivation.

Though climate-smart technology-oriented practices exist among significant players, it is not widespread. For
example, in the case of an Al forecasting kit developed by Yamanashi University Wine Science Research Center in
collaboration with a few local wineries, it has been reported that more data will help better forecasting. However, more
data will be available only when more grape producers participate and adopt such practices [45]. On the other hand, in
small family-run farms, the aging and declining farming population are practicing manual farming methods. Though
current agricultural research focuses on solving aging and labor issues by introducing drones and robots in fields, which
is essential, climate-friendly strategies-oriented research is often overlooked. This is also evident from the case of the
Japanese government’s Smart Agricultural Demonstration Project, which addresses the impact of climate change.
However, when the actual demonstration is implemented in each prefecture, the focus is more on technologies to address
the labor shortage and the aging population. So, it is critical to widely put climate change-related adaptation strategies
into the solution. Furthermore, with Japan having a strong digital backbone for growth in the agriculture sector, further
efforts need to be taken to promote smart agriculture (Al, 10T, Robots). The loT-based agricultural system could
automatically measure weather parameters using sensors and discover diseases in the grapes. The system could send
alerts about weather conditions information on farmers’ mobile, and farmers could pick adaptation strategies
accordingly. Compared to the greenhouse with no sensors, the loT-based greenhouse system for grapes could be the
solution for addressing many problems in the Yamanashi grape cultivation scenario. [46] Implementing such systems
could potentially help improve yield and productivity against the labor shortage scenario, improve fruiting under
controlled temperatures, and increase customer visual appeal. Other issues to be addressed are ensuring rapid adoption
of such hi-tech amongst aging farmers, data ownership, and security issues. The loT-based agricultural system for
grapes will not only solve product quality and help mitigate the effects of climate change but also provide socio-
economic benefits, addressing reduction in input costs and improved efficiency and better-quality products. This could
also attract young people to pursue grape cultivation [47,48].
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In the Yamanashi scenario, more focus is given to developing grape varieties that better meet consumer demands,
high-quality fruits, and the Yamanashi brand. The huge morphological and physiological differences in grape cultivars
permit grape cultivation over a wide range of climates. Exploring and developing cultivars that exhibit resistance to
diseases and climate change adaptation could be helpful [49].

Finally, as discussed in the literature section in 3.3, the way forward would be to focus on sustainable grape
cultivation addressing climate change issues, global competition, and shifting consumer preferences. In this regard, a
simple and effective solution could be improving international and regional collaboration between other grape producers
on climate-smart best practices in grape production.

7. Conclusions

A literature review was performed to understand the effects of climate change on grape production and various
adaptative strategies for overcoming the impact of climate change on grapes. The grape production trend was examined
in the Yamanashi prefecture identified for the case study. Grape was chosen for the study considering two factors since
the fruit falls under the prolonged development type. The fruit quality is affected significantly due to climate change
factors and the fruit’s high economic importance. Yamanashi Prefecture was taken for the observations considering its
significance and leading contribution to fruit farming and wine-making in Japan. Yamanashi government has been
instrumental in introducing and implementing regional revitalization policies targeting grape cultivation. The activities
range from developing superior varieties of grapes that best meet consumer needs, protecting old trees through its fruit
tree management support project, serving the demanding overseas markets by channelizing production, distribution,
and selling grapes through an integrated framework. In addition, the Yamanashi government has also focused on
tackling the impact of climate change on grapes by promoting rain shelters and heated greenhouses for stable production
and high profitability.

The government focuses more on mitigative strategies than adaptative and labor-saving technologies compared to
climate-resilient technologies. Also, grape farmers in Japan select grape breeds based on profitable varieties to climate-
resilient ones.

Therefore, a few suggestions in this study to tackle the impact of climate change on grape production are investing
in climate-related technological intervention and adaptation strategies, plant-based town development, and international
and regional collaborations amongst grape producers.
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